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CLINICAL STUDY

Near infrared spectroscopy in monitoring of head and neck
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ABSTRACT

OBJECTIVES: Microvascular free-flap monitoring is crucial to the early detection of flap failure and increases
the chance of early intervention in case of disruption of perfusion to a flap. Many clinical alternatives to
classical clinical flap monitoring have been proposed, such as color duplex ultrasonography, handheld
Doppler, flap thermometry, or implantable Doppler flowmetry. Early detection of critical changes in tissue
oxygenation can lead to successful surgical intervention when problems with flap nutrition arise.

METHODS: Our clinical study seeks to investigate dynamic monitoring of free flaps with near-infrared
spectroscopy (NIRS). NIRS is a non-invasive instrumental technique used for continuous monitoring of peripheral
tissue oxygenation (StO,) and microcirculation. All patients were included prospectively from one clinical center.
RESULTS: During the clinical research period, 18 patients underwent extraoral head and neck reconstruction
with one of three types of free flap, namely with radial forearm free flap (RFFF), anterolateral thigh flap (ALT)
or fibula free flap (FFF). Measurements of flap perfusion were taken using NIRS during intraoperative and
postoperative phases for 71 hours on average. A total of 6 perfusion disorders were recorded, of which three
originated from microanastomoses and three from postoperative bleeding and compression of pedicle. NIRS
showed characteristic changes in all 6 cases that were returned to the operating theatre owing to pedicle
compromise. In these cases, NIRS had detected the pedicle compromise before it was clinically identified.

A single StO, monitoring was able to detect the vascular compromise with 100% sensitivity and 95.65%
specificity. None of the cases were falsely positive. In our study, all compromised flaps were accurately
identified by means of NIRS. In most cases, the changes in oxygen saturation became evident on NIRS prior
to being clinically observed.

CONCLUSION: In our study, the continuous NIRS monitoring securely detected the early stages of arterial
and venous thromboses or pedicle compression. The most important aspects of monitoring the flaps”
microvascular perfusion and vitality by means of NIRS lie in its function of recording the dynamics of changes
in the values of absolute oxygen saturation (StO,> 50%) alongside with detecting a 30% decrease in tissue
saturation over a 60-minute interval (60 min StO, >30%) before the clinical changes in the microvascular
flap become observable. In cases of pedicle compression, the average time of appearance of signs of StO,
values dropping below the reference interval (as detected by NIRS) was 1:29:02 hour (SD= 0:58:42 h) prior
to the occurrence of any clinical signs, while in cases of microvascular anastomosis complications, it was
0:35:23 hour (SD=0:08:30 h) (SD = 0:08:30 h) (Tab. 3, Fig. 7, Ref. 42). Text in PDF www.elis.sk
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Introduction

Head and neck reconstructions with microvascular free flaps
are nowadays considered the gold standard for any complex recon-
struction. Their success rate is reported to be over 95 % (1). De-
spite their high success rate, 12—17 % of cases need re-exploration
because of postoperative vascular complications threatening the
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flap’s viability (2). Flap salvage rates have been reported to exceed
50 % (3). Complications usually occur within the first 36 hours of
the initial surgery and become irreversible if not corrected within
12 hours. Free flap failure can cause significant complications in
the form of aesthetic and functional problems, as well as generate
additional healthcare costs. The ideal monitoring system should
be non-invasive for the patient, accurate, rapidly responsive, eas-
ily applicable and cost-efficient (4, 5). Multiple conventional flap
monitoring techniques and systems have been developed over the
past years in clinical settings. Each technique has its advantages
and disadvantages while none of them has reached the level of
being accepted as the standard monitoring system (6).
Monitoring systems are classified as either experimental or
clinical; yet both are widely used in the clinical setting. Experi-
mental methods include laser Doppler flowmetry, color duplex
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ultrasonography, microdialysis, and lactate and glucose pinprick
levels (5, 7). Clinically used systems include flap thermometry,
conventional monitoring (capillary refill, color, temperature, pin-
prick), handheld Doppler, flap thermometry, implantable Dop-
pler and near-infrared spectroscopy (NIRS)(8). Approximately,
60—70 % of microsurgeons routinely utilize one of many adju-
vant monitoring devices in addition to clinical flap assessment
(4, 9). Standardly, the monitoring of microvascular flaps should
be performed by nurses or physicians every half hour on the first
postoperative day, hourly on the second postoperative day, every 2
hours on the third day, and every 4 hours thereafter. Clinical exami-
nation requires significant clinical expertise and experience, and
when used alone, it is associated with a salvage rate in the range
0f' 30-70 % of compromised flaps (10). Conventional monitoring
is usually applied to all free flaps with adjuncts mainly assisting in
detecting early failure, which in turn increases the salvage rate (11).

Near-infrared spectroscopy

Near-infrared spectroscopy (NIRS), first introduced in 1977 by
Jobsis, is a tool that allows a non-invasive measurement of tissue
components. Various experimental and clinical studies using NIRS
to study tissue perfusion and oxygenation have been reported in
many fields (12, 13). Selective light absorption by hemoglobin re-
sults in an attenuated optical signal that permits measurement of he-
moglobin and oxygen content. The technique of NIRS depends on
the ability of light in the near-infrared region (700—-1000 nm) of the
electromagnetic spectrum to penetrate biological tissues (including
bones), as well as on the selective absorption of this light within the
tissues by oxygen-dependent chromophores, i.e., by hemoglobin,
myoglobin and oxidized cyt aa3 (14—17). Recently, NIRS has been
reported to be a reliable diagnostic modality for free-flap moni-
toring due to its ability to precisely detect decreases in flap perfu-
sion. Several reviews of free-flap monitoring have concluded that
NIRS is one of the best free-flap monitoring devices (3, 15, 18).

The purpose of this clinical study was to use NIRS to continu-
ously measure the StO, values in extraoral free flap reconstructions
during pedicle vessel occlusion while collecting the experimental
data under optimized conditions. The present clinical study was
designed to determine the reliability, sensitivity, and applicabi-
lity of a NIRS monitor (INVOS TM Cerebral/Somatic Oximeter
Monitor Model 5100C Somanetics Corp., USA) in assessing the
viability of free flaps used in reconstructive head and neck surgery
by means of RFFF, ALT and FFF free flaps.

Materials and methods

Subjects

This prospective observational clinical study was conducted
on patients after head and neck reconstruction with microvascular
free flaps with extraoral skin layer in the Department of Oral and
Maxillofacial Surgery, University Hospital of Comenius Univer-
sity, Bratislava. All clinical measurements were carried out ac-
cording to the Declaration of Helsinki. The study protocol was
approved by the local Ethics Committee of University Hospital
Bratislava, and written informed consent was obtained from all pa-
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Fig. 1. Neonatal NIRS sensor is attached to the flap skin via the adhe-
sive surface of the disposable shield.

'SOMANETICS s

| 01,0919 16:57:01 NEONATAL %rSO,
| 100

iz ealie | @ i
Fig. 2. INVOS Oxymeter (Model 5100C) StO, measurement with one
sensor.

tients prior to initiating the oncological treatment. Patients included
were 40 to 70 years old, 6 were female (67.5; SD = 6.14) and 14
were male (67.25; SD = 11.32). Those with the history of healing
complications, systemic skin disease or infection with a potential
to affect the healing were excluded: Postoperative measurements
were taken from the recipient sites after free microvascular flap
reconstructions with a skin paddle. StO, measurements were made
on three types of free flaps, namely on radial forearm free flaps
(RFFF), anterolateral thigh flaps (ALT) and composited fibula
free flaps (FFF) used in extraoral head and neck reconstructions.
For clinical monitoring an INVOS Oxymeter (Model 5100C, So-
manetics Corp., USA), StO, monitor, and its single-use measure-
ment probe were used. StO, is a dynamic value that changes with
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oxygen supply and consumption and can signal the early stage of
flap failure (Fig. 2).

NIRS measurement protocol

The INVOS Cerebral/Somatic oximetry infant-neonatal sensor
and INVOS Cerebral/Somatic oximetry adult sensor were used.
Measurements were made immediately after the reconstruction in
the head and neck regions. After a ten-minute taking of baseline
readings, the operation team waited for tissue oxygen saturation
(StO,) levels to become continuously constant (Fig. 1).

At the end of the operation, the measurement probe was at-
tached using adhesive to the visible skin paddle to provide continu-
ous monitoring for 48 to 96 hours (M =71 hours; SD = 41:02:16).
In addition, the clinical staff performed routine clinical monitor-
ing of the flap, using clinical markers of skin color and tempera-
ture, capillary refill time and tissue turgor. The monitors were set
to activate alarm to signal a decrease in StO, values by 30 % or
more of the starting value as in other studies. Flap complications
included vascular compromise (either arterial or venous), throm-
bosis, occlusion or excessive hematoma formation, wound sepa-
ration, and local infection occurring in this period. Complications
were defined as being “early” if intervention was required within
24 hours of surgery or “late” if they occurred thereafter. Different
types of flap complications requiring surgical intervention were
recorded. Leech therapy was not applied.

Statistical analysis

During the measurement of free flap type groups (RFFF, ALT
and FFF), StO, values were evaluated and tested with Microsoft
Office Excel 365 and IBM SPSS v 22 (IBM corp., Armonk, NY)
for differences, using one-way ANOVA. The paired samples t-test
was used to evaluate day-to day changes in average StO, levels.
The difference in average StO, values between groups with com-
plications and unproblematic flaps was evaluated using the inde-
pendent sample t-test. The independent samples t-test was used to
analyze differences in StO, levels between groups of venous, arte-
rial or non-flap-associated complications. Finally, we determined
the average optimal and limit StO, levels of individual microvas-
cular free flaps used for reconstruction in head and neck regions.

Results

In total, 20 head and neck reconstructions with 26 NIRS
measurements conducted on 18 patients were included in the sta-
tistical analysis. Two patients underwent repeated reconstruction
with microvascular free flap for flap failure. In the series of 20
reconstructions, we used 11 RFFF, 6 ALT and 3 composite FFF
free flaps. Fourteen patients treated with reconstructions (70 %)
experienced an uneventful postoperative period. There were two
flap losses: one flap loss due to venous thrombosis, and one due
to arterial ischemia. In total, we recorded six perfusion disorders:
three originated from microanastomosis and three from postope-
rative bleeding with subsequent compression of the pedicle. In
the group with microanastomosis, there were two cases of micro-
vascular venous thrombosis and one with arterial thrombosis. The

Tab. 1. Characteristics of complications, flap failing and re-explo-
rations.

gla.:sg)No i Finding at( :zg)xploratlon Outcome
1 ALT Venous thrombosis Salvage
2 ALT Arterial thrombosis Failure
3 ALT Venous thrombosis Failure
4 RFFF Pedicle compression Salvage
5 RFFF Pedicle compression Salvage
6 RFFF Pedicle compression Salvage

data on timing, management and outcome of all complications are
compiled in Table 1. All complications occurred within 2 days of
reconstruction. All 6 cases of circulation compromise were identi-
fied by means of NIRS prior to their clinical assessment, while all
subsequent surgical flap explorations supported the NIRS findings
on every occasion. Subsequently, six re-exploration procedures
were indicated, and in all of them, the diagnosed complications
were conclusively confirmed.

We lost two microvascular flaps (10 %). in total. Each of the
two flaps that ultimately failed (one for venous thrombosis and
one for arterial thrombosis) was revised once. In case of venous
thrombosis, we achieved an immediate, but transitory success.
In case of arterial thrombosis, despite the repeated suturing of
the arterial anastomosis, the restoration of flap perfusion was not
achieved. All lost flaps were replaced with a similar microvascular
free flap with a successful outcome.

The overall flap survival rate (including the four flaps success-
fully revised for perfusion failure) was 84.62 % (22/26), however
the rate of flaps salvaged as a result of successful revisions (due
to flap complications) was 66.67 % (4/6).

During continuous NIRS monitoring of flaps without any type
of complications (thrombosis or pedicle compression due to bleed-
ing) the measured StO, levels remained stable, and we were able
to calculate and set the average StO, values of tissue saturation of
microvascular flap for each type of used flaps.

Statistical analysis with ANOVA and Welch test showed that
in the group without flap complications, there were significant dif-
ferences in the measured NIRS values of StO, between individual
flap types (ALT, RFF and FFF). The NIRS values in patients with
ALT flaps (M =78.8; SD = 5.51) and RFFF flaps (M = 78.76; SD
= 12.59) were significantly higher than those in patients with FFF
flaps (M = 66.59; SD = 7.73). The measured optimal StO, values
for each flap are presented in Table 2.

In all 6 cases, the presence of perfusion disorder in microvas-
cular flaps became evident from the readings of a gradual decrease

Tab. 2. Average tissue oxygen saturation (StO,) levels in different flap
types.

Flap type Cases (n=20) StO, (%)

RFFF 11 78.76+12.59 (15-95)
ALT 6 78.70+5.51 (54-95)
FFF 3 66.58+7.73 (44-83)

Values are means+SD (range)
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Tab. 3. Monitored measurement intervals (hours).

](\T/fleoa)surement Hourly intervals StO,
1. Initial StO, levels 74.59+11.66 (73-76)
immediately after operation
2. 5 hours until revision 71.27+12.20 (69-72)
3. 4 hours until revision 71.51£11.08 (70-72)
4. 3 hours until revision 68.64+12.92 (67-70)
5. 2 hours until revision 56.31£13.17 (54-57)
6. 1 hours until revision 49.85+£14.37 (48-51)
7. 1 hours after revision 67.88+7.85 (66—68)

Values are means+SD (range)

in the measured StO, values on NIRS monitor. In cases where the
decrease in perfusion was caused by compression of the pedicle
as a result of bleeding into the space of the neck between the flap
and vessels, the “watch and wait” rule was followed. In cases of
fast stabilization of StO, levels we did not proceed to carry out
the flap revision. In 3 cases, where the depression in NIRS values
fell below the reference interval, the flap was subjected to explo-
ration. In the group of patients with microvascular anastomotic
complications (two cases of venous thrombosis and one case of
arterial thrombosis), the decrease in absolute StO, values below the
reference interval had been confirmed before the clinical changes
became apparent on the microvascular flap.

The largest decreases in NIRS values took place prior to the
surgical revision. Their dynamics were analyzed in retrospection
after the completion of revision. As shown in Table 3, analyzed
were the NIRS values found to be recorded during a time span
of 5 hours preceding the revision (statistical analysis of repeated
measurements). The initial values measured within a 1-hour pe-
riod following the surgery (measurement #1) and the values mea-
sured 1 hour after the revision (measurement #7) were included
into the analysis. The time of the largest decrease in StO, NIRS
value relative to that obtained by way of measurement #1 was
assessed. In cases of pedicle compression, the average time of
appearance of first signs of StO, values dropping below the ref-
erence interval (as detected by NIRS) was 1:29:02 hour (SD =
0:58:42 h) prior to the occurrence of any clinical signs, while in
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Fig. 3. Average StO, values at individual measurement intervals.
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Fig. 4. Boxplot graph showing the percentage values of decrease com-
pared to the initial value of StO, measurement for individual types
of complications.
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Fig. 5. Boxplot graph showing NIRS values of StO, measurement for
each type of complication during the hour before revision.

cases of microvascular anastomosis complications, it was 0:35:23
hour (SD = 0:08:30 h).

Analysis of variance (ANOVA) of repeated measurements
revealed that there were significant changes in StO, values (F
(6.1548)=221.545; p <0.001) when flap complications occurred.
From the given analysis of time interval differences, the largest
decrease in NIRS values was identified during the interval of 2-3
hours before the revision. Post hoc pairing using Bonferroni cor-
rection showed that the largest difference between StO,values
recorded in consecutive hourly intervals, namely the difference
between the values of measurement #4 (M = 68.65; SD = 12.92)
and values of measurement #5 (M = 56.31; SD = 13.17) taken 2
and 3 hours before revision, respectively, was significant; (p <
0.001) (Fig. 3).

Statistical analysis also identified a percentage decrease in StO,
levels signaling the initial stage of microvascular flap perfusion
disorder. The mean decrease in StO, NIRS values for all complica-
tions was 53.30 (SD = 15.65), which represents an average percent-
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Fig. 6. Boxplot graph showing the percentage decrease in the average
of StO, values compared to the previous 60-minute interval for each
type of complication.

age decrease of 23.26 % (SD = 25.35 %). As to the group of flap
complications caused by compression of the pedicle, the ratio of
StO, values measured one hour before the revision relative to the
values obtained from measurement #1 was 65.08 on average (SD
= 7.38) which translates to a percentage decrease of 8.5 % (SD
=12.67 %) of the former value. As to the group of anastomotic
complications, the StO, value reached the value of 35.01 (SD =
4.58, CI =34.23-35.8).

This means that the average percentage of StO, values from
measurement #1 was 51.21 % (SD = 18.96 %, CI = 48.01—
54.49 %). The largest dynamic decrease in StO, values occurred
120 minutes before the revision in our group, where during the
second hour before the revision, a depression in StO, values took
place, namely by 41.16 % on average (SD = 9.35 %, CI =39.53—
42.78 %) (Figs 4 and 5).
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Fig. 7. Boxplot graph showing the decrease in average StO, values com-
pared to the previous 60-minute interval for each type of complication.

In the group of patients with microvascular anastomotic com-
plications, the largest decrease in the average values of StO, tissue
saturation was observed over the given 60-minute time intervals.
This dynamic decrease in StO, values has been examined retro-
spectively after the surgical revision by evaluating the largest de-
crease in NIRS values (average value of measurements taken for
60 minutes in two consecutive hourly intervals).

As for all complications, the largest mean decrease in NIRS
values taken over the given 60-minute intervals was 12.64 (SD =
9.17) which represents an average percentage decrease of 16.68 %
(SD =17.33 %). As for separate flap complications, in the group
with compressed pedicle, the ratio of the largest decrease in StO,
values in each 60-minute interval relative to the initially measured
NIRS value was 7.14 (SD = 6.49 StO,) on average, which trans-
lates to a percentage decrease of 3.23 % of the initial value (SD =
13.18 %). In the group with microvascular anastomosis, the val-
ues of the decrease in StO, per 60 minutes reached the value of
18.14 (SD = 8.8 StO,), thus the percentage decrease in average
StO, value as compared to the previous interval was 30.125% (SD
=5.9 %) (Figs 6 and 7).

Discussion

The criteria for flap monitoring were defined in 1975 by Creech
and Miller’s (19). Flap monitoring should be noninvasive and
harmless for both patient and flap, as well as needs to be cheap,
rapid, repeatable, reliable, recordable, accurate, objective, appli-
cable to all types of flaps, and simple to use even for an inexpe-
rienced member of staff. There is a variety of monitoring tech-
niques, yet clinical monitoring is the gold standard. There are many
modes of monitoring, such as pulse oximetry, surface temperature
measurement, externalization of part of a buried flap, white-light
spectrometry, fluorometry, microdialysis, ultrasound, implanted
Doppler, laser Doppler, perfusion photoplethysmography, im-
pedance plethysmography, nuclear medicine, subcutaneous pH
measurement, hydrogen clearance (20) or pinprick testing (21).
Clinical monitoring is still the gold standard. The use of NIRS for
cerebral and myocardial oxygenation monitoring was first reported
by Jobsis (12), albeit Irwin (22) and Hayden (23) used the NIRS
devices for flap monitoring.

Nevertheless, as for the reconstructive teams without long-term
experience or for departments with no history of reconstructive
surgery, the NIRS monitoring is very helpful. The current litera-
ture dealing with flap monitoring does not evaluate mutual supe-
riorities of three- and two-wavelength NIRS systems (e.g., Invos
Oximeter 5100C) (24) A vascular complication is predicted when
the drop rate in StO, (AStO,/A¢) is greater than 20 % per hour and
is sustained for more than 30 minutes (4) or when StO, < 30 %
of the initial value (25). The values clearly represent the status of
flap even for unexperienced personnel who, when in doubt, can
contact responsible surgeons or make any other digital records
(photos, video) for consideration, because the data might detect
the early stages of flap failure (26) with 99.1 % sensitivity and
99.9 % specificity. (27) Despite its relatively high price (which
varies from country to country), NIRS monitoring represents a
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cost-effective equipment (3,28-30) as compared to the cost of
long-term training of personnel.

In a study conducted on a group of patients, NIRS monitor-
ing can signal a compromised flap as soon as tens of minutes
before clinical signs occur, which enables an early initiation of
re-exploration (31). The ischemic time plays a significant role in
re-exploration of flap. (32-34) The salvage rate of compromised
flaps with vascular complications that were saved by means of
NIRS monitoring was 88.3%— 96.6% (25,27,30,35,36).

NIRS monitoring provides many advantages that are ideal for
developing more accessible applications. The function of remote
monitoring is essential in improving the quality and advantages
of monitoring (6) as e.g. by means of wi-fi (37,38) and remote
(home, distant) monitoring (39). A limitation of NIRS monitoring
emerges when it is used in buried flaps, where the optical informa-
tion coming from the depth interacts and mixes with the surface
information.(40) The measurement depth varies from 2mm to 25
mm, depending on the type of console and probe. (27)

The NIRS monitoring of a study group can record the changes
in patients” overall status of health and detect the response in the
microcirculatory system (e.g., hypotension or cardiac failure) im-
mediately. Therefore, it is necessary to assess the overall health by
means of values recorded by monitoring in cases, where the influ-
ence of general health status could have a significant impact. (41)
However, a concern of potential false-positive rates should be con-
sidered in cases when the sensors can become dislodged, room light
is intensive, or the thin flap layer overlaps the “halo space”, as well
as in cases with hematoma, sanguineous exudation (20) or in rela-
tion to the position of the parts of the body (e.g., head rotation) (42).

The most of the complications occur during the first 48 hours
(9,20). It was considered as the minimal monitoring time, but
when the sensors were in good condition and there was no failure
in their adhesion the monitoring did not detach.

Conclusion

NIRS can be used to indicate StO, changes in head and neck
surgery after microvascular free-flap reconstructions with the
pedicle vessel occlusion as well as to differentiate between pedicle
artery and vein occlusion or both in case of kinking. NIRS showed
characteristic changes in all cases that were returned to the opera-
tion theater for pedicle compromise. In all these cases, NIRS had
identified the pedicle compromise before the clinical changes in
the microvascular flap became observable. There were no false-
positive cases. In most cases, there was evidence of changes in
oxygen saturation on NIRS prior to clinical observation.

The final conclusion of our studies is that the most impor-
tant aspects of the monitoring of flaps” microvascular perfusion
and vitality by means of NIRS lie in its function of recording the
dynamics of changes in the values of absolute oxygen saturation
(StO, > 50 %) alongside with detecting a 30 % decrease in tissue
saturation over a 60-minute interval (60 min StO, > 30 %) before
the clinical changes in the microvascular flap become observable.
In cases of pedicle compression, the average time of appearance
of signs of StO, values dropping below the reference values (as
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detected by NIRS) was 1:29:02 hour (SD = 0:58:42 h) prior to the
occurrence of any clinical signs, while for cases of microvascular
anastomotic complications, it was 0:35:23 hour (SD = 0:08:30 h).
NIRS monitoring is a simple, noninvasive, painless, non-expen-
sive, easy to interpret, exact and objective monitoring technique.
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