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baseline cutaneous microcirculation of the simulated area of the flap 
was assessed using the Sidestream dark field (Microscan SDF) and near 
infrared spectroscopy (NIRS) (Figure 1). Venous and total vascular 
occlusions were achieved using a cuff (Welch Allyn DS65, Skaneateles 
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Introduction
The postoperative monitoring of free flaps following microsurgical 

reconstruction is as critical as the procedure itself. Flap survival rates 
reported in the literature are approximately 95% and above in large case 
series in which revision surgery was performed on patients with signs 
of vascular compromiso [1,2]. Evidence has shown that early detection 
of vascular insufficiency coupled with timely reoperation allows to 
rescue the flap and avoid flap failure. The reported salvage rates of flaps 
with anastomotic thrombosis are approximately 50% and are directly 
related to the time between the occlusion and surgical correction [3].

Microsurgical flaps are usually monitored by clinical evaluation, 
however, more objective and noninvasive methods that allow early 
detection of thrombotic events have been developed, including external 
Doppler, thermography and near infrared spectroscopy (NIRS) [4,5].

Sidestream dark field (SDF) Microscan is a method for 
microcirculation assessment which relays on direct visualization of 
blood flow in capillaries. It has been used in critical care patients to 
evaluate resuscitation goals. 

Various types of monitoring strategies have been evaluated in 
clinical studies. However, to date there is still no agreement on the ideal 
method of postoperative control for microsurgical flaps.

The purpose of this study is to determine whether monitoring 
microcirculation with SDF Microscan® is a feasible and adequate 
method for detection of free flap vascular complications. 

Methods
This study was conducted at the Experimental Surgery Laboratory 

of Pontificia Universidad Católica de Chile and was approved by the 
Scientific Ethics Committee - CEC MED UC (protocol no. 15-128).

Five healthy volunteers were recruited as subjects, with ages ranging 
from 21 to 33 years, the limits of a radial forearm flap where drawn 
in the distal third of both anterior forearms. A perforator vessel inside 
the design was identified and marked with a handheld Doppler. The 

Abstract
A timely diagnosis of vascular compromise improves free flap survival. The aim of this study was to determine 

the feasibility of monitoring flap vascular patency through noninvasive microcirculation monitoring using SDF. An 
experimental study was performed in five volunteers. A radial forearm flap was simulated in both upper extremities 
and cutaneous microcirculation assessment devices were used (SDF and NIRS), and compared with clinical and 
doppler evaluation. Conditions of venous occlusion (VO) and total vascular occlusion (TVO) were mimicked by using 
a cuff. The results of the Microscan SDF monitoring during VO and TVO showed a reduced microcirculatory flow at 
16.5 (6-30) and 6 (2-11) seconds respectively. Both NIRS and clinical evaluation were slower than SDF at identifying 
vascular compromise. During VO the Doppler signal does not disappear; while in TVO the signal disappeared at 1.8 
(1-5) seconds. This study shows that evaluation of microcirculation with Microscan SDF is a viable alternative that 
may allow detection of flap venous and total vascular occlusion earlier than Doppler, NIRS and clinical evaluation. 

Figure 1: A radial forearm flap design was simulated in the distal third of both 
anterior forearms. It is possible to observe the Microscan hand-piece.
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Falls, NY, USA) for 180 seconds, and changes were monitored with each 
method. The venous occlusion was obtained at 50 mmHg and total 
vascular occlusion was obtained at 250 mmHg as per values shown in 
human studies [6]. A clinical evaluation was also performed using the 
method standardized by Chen KT et al. (temperature, color, capillary 
refill). The presence or absence of flow in the perforator vessel was also 
monitored using a handheld sound Doppler during both venous and 
total vascular occlusions [5].

Measurements

a) NIRS: Oxygen saturation (StO2) is obtained by spectroscopy. We 
employed the Spectra StO2 Spot Check (model 300) ® to collect the data. 
A skin sensor device was installed in the area over the perforator vessel 
of the simulated designed flap. The baseline register began one minute 
before vessel occlusion. The measurement was maintained throughout 
the occlusion of the vessel and StO2 was continuously recorded. A StO2 
decrease in 50% of the baseline was considered diagnostic of impaired 
microcirculation [7,8].

b) Microscan SDF: Polarized light videomicroscopy is a technique 
that allows noninvasive evaluation of microcirculation. It is a portable 
video-microscope (Microscan®, Microvision Medical, Amsterdam, 
Holland) that emits polarized light at 550 nm. The light is absorbed 
by hemoglobin and reflected by other structures. The displayed 
image is obtained by contrast, and the passage of red blood cells in 
the microcirculation is visualized. These video images are obtained 
through the portable video-microscope handpiece and visualized in a 
monitor screen beside the subject. Then all images were recorded and 
analyzed. The Microvascular Flow Index (MFI) was used, which is a 
semiquantitative indicator that classifies the predominant flow pattern 
into one of 4 categories (0 flow absence, 1 intermittent flow, 2 slow 
flow and 3 normal flow). These values were previously validated for 
quantitative analysis of microcirculatory flow [9-11].

c) Handheld Sound Doppler was used before, during, and after 
occlusion of the identified perforator vessels with an pocket 8 MHz 
Doppler SonoTrax Lite®.

d) Temperature of the skin inside the flap design was recorded 
every 10 seconds during the procedure for clinical evaluation. The 
temperature was obtained with an infrared clinical Beurer JFT-90® 
Thermometer (Beurer GmbH, Ulm, Germany).

Statistical analysis

We compared the median time from vascular occlusion to a 
perfusion impairment diagnosis using the methods previously 
described from venous and total vascular occlusion.

The categorical variables were expressed as absolute numbers 
and percentages. The quantitative variables were reported as medians 
and ranges. The inferential analysis was performed using the Mann-
Whitney/Wilcoxon test for quantitative variables and χ2 was used for 
categorical variables. An alpha level of 5% was used for testing. SPSS®21 
data analysis software was used. 

Results
Using Microscan SDF, we obtained a diminished MFI at 16.5 

(6-30) seconds after vein occlusion and flow absence at 91 (29-191) 
seconds (Figure 2). After releasing the venous occlusion, the return 
of microcirculatory flow was observed at 7 (1-54) seconds (Figure 3). 
When a total vascular occlusion was performed, a decrease of MFI at 
6 (2-11) seconds and flow absence at 13 (2-54) seconds was observed. 

After releasing the occlusion, microcirculatory flow returned at 3.5 
(1-34) seconds (Figure 4). The difference between the decrease in the 
microcirculatory flow for venous occlusion and total vascular occlusion 
was statistically significant. The venous occlusion was detected at 16.5 
(6-30) seconds and total vascular occlusion was detected at 6 (2-11) 
seconds (p<0.0001). The time between occlusion and flow absence was 
91 (54-191) seconds in venous occlusion and 13 (2-54) seconds in total 
vascular occlusion (p<0.009). The time from release of the occlusion 
until flow normalization was similar between venous and total vascular 
occlusion. The time was 7 (1-54) seconds for venous and 3.5 (1-34) 
seconds for total vascular occlusion (p<0.051). A comparison of results 
with SDF between each forearm was performed in the same subject and 
no differences were observed. After venous occlusion in the right and 
left forearms absence of flow occurred at 85 (29-149) seconds and 92 

Figure 2: The microvascular flow index (MFI) changes in venous and total 
vascular occlusions. The appearance of changes in the microcirculation 
occurred earlier in the total vascular occlusion. These differences are 
statistically significant. (FDVO: decreased flow in vein occlusion. FAVO: flow 
absence in vein occlusion. FDVTO: decreased flow in total vascular occlusion. 
FAVTO: flow absence in total vascular occlusion).

Figure 3: MFI during vein occlusion. Distribution observed in the MFI time in 
each subject during the test. The occlusion was performed at time 0 and then 
observed until flow disappeared. After 180 seconds the occlusion ends and the 
flow increased to normal values. 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(54-191) seconds respectively (p<0.26). The results obtained for total 
vascular occlusion were not significantly different at 18 (2-53) seconds 
for the right and 11 (4-54) seconds for the left forearm (p<0.34). 

The following video shows the images obtained with 
Microscan SDF in the study: https://vimeo.com/user30321905/
microcirculationevaluationsdf.

Measurements with NIRS showed that after venous occlusion the 
decrease in StO2 percentage was 13.3 ± 3% at 120 seconds and 19.4 
± 5.2% at 180 seconds. These results did not reach the criteria for 
perfusion abnormality (50% decrease). In the total vascular occlusion 
model the StO2 percentage decrease was 25.6 ± 12% at 120 seconds 
and 38.1 ± 18.6% 180 seconds. There was a reduction of at least 50% 
in StO2 in three out of 10 measurements performed at 158.3 (130-180) 
seconds (Figure 5). The difference in StO2 decrease between the venous 

and total vascular occlusions at 180 seconds was statistically significant 
(p<0.0001) (Figure 6). 

Evaluation of perforator vessel patency was performed using the 
handheld Doppler. Doppler signal did not disappear during venous 
occlusion and remained present throughout the procedure. When 
total vascular occlusion was performed, the median time until Doppler 
sound was lost was 1 second (1-5).

Monitoring of clinical changes during the venous occlusion phase 
observed congestion at 60 (50-80) seconds, accelerated capillary refill 
(<2”) at 60 (20-80) seconds, and changes in the temperature in five 
out of ten measurements (increase 1.2 ± 0.3ºC) at 3 minutes. During 
total vascular occlusion congestion became apparent at 62.5 (50-150) 
seconds, slowed down capillary refill (>2 seconds) was detected at 52.5 
(40-90) seconds, pallor was reported in three out of ten measurements 
at 100 (55-105) seconds, and changes in temperature were seen in four 
out of ten measurements (decrease 0.8 ± 0.4ºC). 

Discussion
The reported free flap loss in microsurgery is currently less than 

5%, going as low as 2% in some series [12]. Revision surgery has shown 
salvage rates of potential failures of up to 80% of the reoperations 
[10,11]. The evidence indicates that early detection and exploration of 
the flap vascular compromise increases survival rates significantly [13-16]. 

Several methods of postoperative flap monitoring are available 
today. However, there is no established standard monitoring method 
[17]. Early detection and treatment of vascular failure and circulatory 
compromise of the flap is imperative because ischemia leads to 
irreversible metabolic changes as time elapsed since its appearance 
increases [18,19].

This study evaluated the feasibility of flap monitoring through 
noninvasive capillary microcirculation assessment with SDF which 
allows direct visualization of blood flow, [20] a method already widely 
used in shock patients in intensive care units and which requires 
minimal training for adequate implementation by health personnel. 
Microcirculation assessment has been used mainly for microsurgical 
monitoring in animal studies. There is only one case report of 

Figure 4: MFI during total vascular occlusion. Distribution observed in the MFI 
time in each subject during the test. The occlusion was performed at time 0 and 
then flow was observed until it disappeared. After 180 seconds the occlusion 
ended and the flow returned to normal values.

Figure 5: The comparison of MFI decrease initiation and significant SatO2 
decrease in total vascular occlusions (p<0.009). 

Figure 6: StO2 decrease (percentage) in venous and total vascular occlusion 
at 180 seconds. (p<0.0001), 135 × 116 mm (72 × 72 DPI).
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Figure 7: Summary of results obtained in venous occlusions. The disturbance 
of microcirculation (decreased MFI) occurred prior to the onset of congestion 
and accelerated capillary refill. 

Figure 8: Summary of results obtained in total vascular occlusion. The 
reduction and absence of MFI anticipated clinical changes (Sat O2, congestion, 
slow capillary refill, pallor) except for the disappearance of the Doppler signal. 

microcirculation evaluation in a DIEP flap in a human patient, that 
only described the method [21,22]. 

The ability of SDF to detect impaired perfusion was tested and 
compared with other existing methods used for evaluation of free flap 
vascular status, including clinical monitoring, Doppler, and NIRS. 

SDF monitoring allowed earlier diagnosis of impaired 
microcirculation in both venous and total vascular occlusions when 
compared with NIRS. There were several cases in which NIRS failed 
to show significant changes. The blood flow impairment detection by 
SDF occurred earlier than Doppler in venous occlusion. The onset of 
congestion and accelerated capillary refill in the flap as clinical changes 
were also detected later than impaired microcirculation identified by 
SDF (Figure 7). During total vascular occlusion loss of Doppler signal 
was observed earlier than absence of microcirculation flow obtained 

with SDF. However, the changes in microcirculation were observed 
before any clinical change (capillary refill, pallor) (Figure 8). Reduced 
venous flow is the earliest event in the vast majority of flap failures 
in microsurgery. Thus, SDF is potentially a useful method for early 
detection of flaps at risk of failure.

In a recent systematic review, it was noted that only five monitoring 
techniques showed evidence of increased rates of microsurgical flap 
rescue compared to other clinical methods (implantable Doppler, NIRS, 
Laser Doppler Flowmetry, quantitative fluorescence and evaluation 
through photographs sent by smartphones); however, none of these 
methods has become widely used in clinical practice [23]. 

Future studies are needed to adapt the method to clinical practice 
and evaluate results after monitoring real microsurgical flaps with SDF. 
These studies will determine the actual impact on clinical decision-
making and flap survival. 

If the Microscan SDF is validated for microsurgical monitoring it 
would be an attractive option for specific cases in daily practice, when 
the experience of the surgeon and the clinical assessment are unable to 
reliably determine the status of a microsurgical flap. Such cases might 
include intraoperative evaluations in very long operations, in which 
flap local conditions do not permit the routine clinical evaluation in 
a reliable manner; or when a flap which has already suffered vascular 
compromise prior to a second intervention proves challenging for an 
adequate clinical evaluation.

Conclusion 
Venous and total vascular occlusion were successfully identified 

using Microscan SDF in an experimental simulated flap model in 
humans.

In the venous occlusion model, the impaired circulation was 
detected earlier by Microscan SDF than other methods, namely clinical 
assessment, Doppler and NIRS. 

Microscan SDF is a feasible method to assess the perfusion status 
in cutaneous flaps and it should be considered as a valid alternative to 
other monitoring tools.
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