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Abstract

Purpose The influence of blood pressure on microvascular free flap perfusion is not fully understood and remains an ongoing
topic of debate, as flap perfusion is both a prerequisite for flap viability and a parameter frequently used for postoperative
flap monitoring. The aim of this study was to investigate the influence of blood pressure on microvascular free flap perfusion.
Methods Perfusion measurement data obtained with the Oxygen-2-see (O2C) analysis system intraoperatively and postop-
eratively in 244 patients who underwent microvascular reconstruction of the head and neck region with a fasciocutaneous
free flap (FFF) or perforator free flap (PFF) between 2011 and 2020 were analyzed retrospectively. Blood pressure values
(i.e., systolic (SBP), diastolic (DBP), and mean arterial blood pressure (MBP)) and perfusion parameters (i.e., flap blood
flow, hemoglobin concentration, and hemoglobin oxygen saturation) were evaluated to reveal potential associations.
Results Postoperative flap blood flow was associated with SBP, DBP, and MBP in PFFs (r=0.245, p=0.006; r=0.239,
p=0.008; r=0.295, p<0.001, respectively). These associations also persisted in multivariable analysis (p=0.036; p=0.024;
p=0.004, respectively). Postoperative hemoglobin oxygen saturation was associated with SBP and MBP in PFFs (r=0.253,
p=0.005; r=0.189, p=0.036, respectively). The association with SBP also persisted in multivariable analysis (p=0.005).
Conclusion Microvascular free flap perfusion in PFFs, specifically postoperative flap blood flow and hemoglobin oxygen
saturation, is influenced by blood pressure. This suggests that blood pressure might be an adjustable variable for the control
of flap perfusion and should be considered as a confounding variable for flap monitoring based on flap perfusion in PFFs.

Keywords Microvascular head and neck reconstruction - Free flap - Blood pressure - Blood flow - Hemoglobin
concentration -+ Hemoglobin oxygen saturation

Introduction

Free tissue transfer with microvascular free flaps is rou-
tinely performed for the reconstruction of complex defects
in the head and neck region, offering excellent outcomes
[1-3]. Despite high overall success rates, flap failures still
occur, and the underlying risk factors remain a current topic
of discussion [1, 3-5].
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Blood pressure has attracted attention as a potential risk
factor, as low blood pressure regularly occurs intra- and
postoperatively in microvascular reconstructive procedures,
unintentionally due to the side effects of anesthetics and
high levels of blood and fluid loss but also intentionally to
reduce blood loss and improve the visualization of the sur-
gical field [4, 6—12]. Meanwhile, blood pressure is thought
to be a major determinant of flap perfusion, and because
decreased flap perfusion has been linked to flap failure, low
blood pressure could impair flap perfusion and contribute to
flap failure [2, 6, 7, 11, 13-16].

However, it is still unclear whether and how blood
pressure influences flap perfusion. One study affirmed the
influence of blood pressure on flap perfusion based on
tissue oxygen partial pressure, while another did not [17,
18]. However, both studies included only a small number
of patients, did not distinguish between fasciocutaneous
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free flaps (FFFs) and perforator free flaps (PFFs), despite
their different vascular anatomies, and did not provide dis-
tinct flap perfusion parameters, such as flap blood flow and
hemoglobin oxygen saturation [13, 16-23].

Even though microvascular free flap reconstruction is
routinely performed, little is known about the physiology
of flap perfusion [24]. Understanding the influence of blood
pressure on flap perfusion may help to improve hemody-
namic management during microvascular free flap recon-
struction and thus ensure flap perfusion and the monitoring
of free flaps [2, 3, 12, 13, 16, 25, 26].

Therefore, this study was intended to investigate the influ-
ence of blood pressure on microvascular free flap perfusion.

Materials and methods
Study population

The local ethics committee of the Medical Faculty RWTH
Aachen University (EK 309-20) approved this retro-
spective study based on data collected for routine clinical
purposes.

The study population consisted of 244 patients who
underwent head and neck reconstruction with a FFF (radial
free forearm flap) or a PFF (anterolateral thigh flap or fibula
free flap) after malignant or nonmalignant diseases in our
Department of Oral and Maxillofacial Surgery between
2011 and 2020. Patient exclusion criteria were incomplete
data and age under 18 years.

The baseline characteristics of the study population were
defined as follows: surgery duration was calculated as the
time interval between the first incision and the last suture;
flap ischemia duration was calculated as the time interval
between the cessation of flap perfusion at the donor site and
the restoration of flap perfusion at the recipient site; smok-
ing status was defined as actual or past daily smoking for
a period of at least six months; prior neck dissection was
defined as present if the patient had undergone anatomic
dissection of the recipient vessel in terms of neck dissection;
irradiation status was defined as present if the patient had
undergone irradiation to the recipient vessel area in terms of
neck irradiation; flap revision was defined as prevalent if the
patient underwent surgical revision of the anastomosis; and
flap success was absent if the patient had the flap removed
due to flap necrosis [27].

All microvascular reconstructive procedures were con-
ducted under general anesthesia, with arterial anastomoses
being created in an end-to-end fashion, and venous anasto-
moses being created in an end-to-side or end-to-end fashion.
Patients remained in the intensive care unit postoperatively
until at least the morning following surgery, with invasive
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mechanical ventilation, analgosedation, invasive arterial
blood pressure measurement, and blood pressure regulation
via central venous norepinephrine as needed (target systolic
blood pressure above 125 mmHg).

Preoperative blood pressure values were determined via
non-invasive blood pressure measurement before the induc-
tion of anesthesia, taking the mean of all available mea-
surements, and the intra- and postoperative blood pressure
values related to flap perfusion measurement were deter-
mined via invasive arterial blood pressure measurement.
Mean arterial blood pressure (MBP) was defined accord-
ing to the following commonly used formula: MBP=dia-
stolic blood pressure (DBP)+ 1/3 x (systolic blood pressure
(SBP)- DBP) [28].

Flap perfusion measurement data

Flap perfusion measurement data were obtained with the
Oxygen-2-see (02C) analysis system (O2C Oxygen-to-see,
LEA Medizintechnik, Giesen, Germany) intraoperatively
(after the release of the anastomosis in the operating room)
and postoperatively (on the first postoperative morning in
the intensive care unit) for 10s, with a lead time of 4s with
ambient light compensation control at 8 and 2 mm tissue
depths, and with the probe placed centrally on the dried skin
portion of the flap in a sterile sheath. The determination of
flap blood flow (arbitrary units [AU]) was performed using
laser Doppler spectroscopy (830 nm; 30 mW), and the value
was calculated by evaluating the Doppler shift of the laser
light due to erythrocyte movement, which was calculated as
the product of erythrocyte quantity and erythrocyte veloc-
ity [13, 29]. Hemoglobin concentration (AU) and oxygen
saturation (%) were determined using white light spectros-
copy (500-800 nm; 50 W), and the values were calculated
by evaluating the sum of the absorbances of the white light
and the color change of the white light in comparison to ref-
erence hemoglobin spectra with known oxygen saturation
levels, respectively [13, 29]. For further analysis, the mean
values of the measurements at 8 and 2 mm tissue depths
were calculated.

Statistical analysis

Patients were grouped according to flap type (FFF or
PFF). Associations between blood pressure values (i.e.,
SBP, DBP, and MBP) and flap perfusion parameters were
analyzed separately for each flap type by calculating the
Spearman correlation coefficient. In the case of significant
results, associations were further analyzed using multiple
linear regression analysis, adjusting for flap ischemia dura-
tion (min), flap size (cm?), preoperative systolic, diastolic,
or mean arterial blood pressure value (mmHg), preoperative
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hypertension (yes vs. no), and administered catecholamine
dose (ng/min per kg) in FFFs and adjusting for flap ischemia
duration (min), flap size (cm?), flap type (anterolateral thigh
flap vs. fibula free flap), preoperative systolic, diastolic, or
mean arterial blood pressure value (mmHg), preoperative
hypertension (yes vs. no), and administered catecholamine
dose (ng/min per kg) in PFFs. Values of p<0.05 were con-
sidered statistically significant. The statistical analysis was
performed using SPSS Version 28 (SPSS, IBM, New York,
USA) and graphics were created using GraphPad Prism 4
(GraphPad Prism, GraphPad Software, Bosten, USA).

Results
Clinical characteristics of the study population

The study population consisted of 244 patients (121 patients
reconstructed with FFFs and 123 patients reconstructed
with PFFs [90 patients reconstructed with an anterolateral
thigh flap and 33 patients reconstructed with a fibula free
flap]) (Table 1). Flap revision was performed in seven FFFs
and four PFFs due to venous congestion and in one PFF due
to arterial insufficiency.

Blood pressure values

The preoperative median blood pressure values in patients
reconstructed with FFFs or PFFs were as follows: the SBP
values were both 134.0 mmHg; the DBP values were 74.0
mmHg and 76.0 mmHg; and the MBP values were 95.0
mmHg and 96.0 mmHg, respectively (Table 2). The intraop-
erative median blood pressure values in relation to intraop-
erative flap perfusion measurement in patients reconstructed
with FFFs or PFFs were as follows: the SBP values were
both 125.0 mmHg; the DBP values were both 60.0 mmHg;
and the MBP values were 80.3 mmHg and 80.0 mmHg,
respectively. The postoperative median blood pressure val-
ues related to postoperative flap perfusion measurement in
patients reconstructed with FFFs or PFFs were as follows:
the SBP values were both 133.0 mmHg; the DBP values
were 57.0 mmHg and 59.0 mmHg; and the MBP values
were 81.3 mmHg and 83.3 mmHg, respectively.

Association between flap perfusion parameters and
blood pressure values in FFFs

Postoperative hemoglobin concentration was negatively
correlated with SBP and MBP in FFFs (=-0.272, p=0.003;
r=-0.199, p=0.029, respectively) (Table 3). Both asso-
ciations persisted in multivariable testing (»p=0.005 and
p=0.027, respectively).

Table 1 Clinical characteristics of the study population

Variable All (n=244) FFF PFF
(n=121) (n=123)
Sex(n)
male 125 (51.2%) 62 (51.2%) 63 (51.2%)
female 119 (48.8%) 59 (48.8%) 60 (48.8%)
Age(years) 64.0 (18.0)  65.0(17.0)  61.0(20.0)
BMI(kg/m?) 24.4 (5.9) 24.9 (6.5) 23.8(5.4)
ASA(n)
1+2 139 (5§7.0%) 73 (60.3%) 66 (53.7%)
3+4 105 (43.0%) 48(39.7%) 57 (46.3%)
Flap location(n)
tongue 37 (152%) 28 (23.1%) 9 (7.3%)
floor of mouth 52 (21.3%) 33(27.3%) 19(15.4%)
mandible 63 (25.8%) 17 (14.0%) 46 (37.4%)
maxilla+hard palate 30 (12.3%) 12 (9.9%) 18 (14.6%)
cheek 18 (7.4%) 11 (9.1%) 7 (5.7%)
soft palate 11 (4.5%) 8 (6.6%) 3 (2.4%)
extraoral 33 (13.5%) 12 (9.9%) 21 (17.1%)
Arterial anastomosis recipient vessel(n)
ECA 19 (7.8%) 4 (3.3%) 15 (12.2%)
FAA 95 (38.9%) 45(37.2%)  50(40.7%)
LIA 14 (5.7%) 4 (3.3%) 10 (8.1%)
STA 116 (47.5%) 68 (56.2%) 48 (39.0%)
Surgery duration(min)  550.0 515.0 574.0
(170.0) (174.0) (156.0)
Flap ischemia 108.0 (35.0) 108.0(34.0) 108.0
duration(min) (37.0)
Diabetes(n)
no 205 (84.0%) 101 (83.5%) 104
(84.6%)
yes 39 (16.0%) 20 (16.5%) 19 (15.4%)
Arterial hypertension(n)
no 157 (64.3%) 72(59.5%)  85(69.1%)
yes 87 (35.7%) 49(40.5%) 38(30.9%)
Smoking status(n)
no 151 (61.9%) 74 (61.2%) 77 (62.6%)
yes 93 (38.1%) 47 (38.8%) 46 (37.4%)
Prior neck dissection(n)
no 185 (75.8%) 102 (84.3%) 83 (67.5%)
yes 59 (24.2%) 19 (15.7%) 40 (32.5%)
Prior neck irradiation(n)
no 212 (86.9%) 114 (94.2%) 98 (79.7%)
yes 32(13.1%) 7 (5.8%) 25(20.3%)
Flap survival(n)
no 4 (1.6%) 1 (0.8%) 3 (2.4%)
yes 240 (98.4%) 120(99.2%) 120
(97.6%)

Flap revision(n)
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Table 1 (continued)

Variable All (n=244) FFF PFF
(n=121) (n=123)

no 232(95.1%) 114 (94.2%) 118
(95.9%)
yes 12 (4.9%)  7(5.8%) 5 (4.1%)

Parameters are indicated as numbers (with percentage) for categorical
data (sex, ASA, flap location, arterial anastomosis recipient vessel,
diabetes, arterial hypertension, smoking status, prior neck dissec-
tion, prior neck irradiation, flap survival, flap revision) or median
(with interquartile range) for metric data (age, BMI, surgery dura-
tion, flap ischemia duration) (separately described for all patients,
patients reconstructed with a FFF, and patients reconstructed with
a PFF); abbreviations: FFF=fasciocutaneous free flap, PFF=perfo-
rator free flap, BMI=body mass index, ASA=American Society of
Anesthesiologists score, ECA=external carotid artery, FAA ="facial
artery, LIA =lingual artery, STA =superior thyroid artery

Table 2 Blood pressure values

Variable FFF (n=121) PFF (n=123)
Preoperative values

SBP (mmHg) 134.0 (30.0) 134.0 (34.0)
DBP (mmHg) 74.0 (13.0) 76.0 (16.0)
MBP (mmHg) 95.0 (13.0) 96.0 (20.0)
Intraoperative values

SBP (mmHg) 125.0 (15.0) 125.0 (22.0)
DBP (mmHg) 60.0 (10.0) 60.0 (11.0)
MBP (mmHg) 80.3 (13.0) 80.0 (13.0)
Postoperative values

SBP (mmHg) 133.0 (21.0) 133.0 (21.0)
DBP (mmHg) 57.0 (14.0) 59.0 (13.0)
MBP (mmHg) 81.3 (14.0) 83.3 (12.0)

Parameters are indicated as median (with interquartile range) for SBP
(mmHg), DBP (mmHg), and MBP (mmHg) according to preoperative
values, intraoperative values used as reference values for intraopera-
tive flap perfusion measurement, and postoperative values used as
reference values for postoperative flap perfusion measurement (sepa-
rately described for patients reconstructed with a FFF and patients
reconstructed with a PFF); abbreviations: SBP=systolic blood pres-
sure, DBP=diastolic blood pressure, MBP=mean arterial blood
pressure, FFF=fasciocutaneous free flap, PFF=perforator free flap

Association between flap perfusion parameters and
blood pressure values in PFFs

Postoperative flap blood flow was positively correlated with
SBP, DBP, and MBP in PFFs (r=0.245, p=0.006; r=0.239,
p=0.008; r=0.295, p<0.001, respectively) (Table 4;
Fig. 1). All these associations persisted in multivariable test-
ing (p=0.024; p=0.004; p=0.027, respectively). Postop-
erative hemoglobin concentration was positively correlated
with DBP and MBP in PFFs (»=0.298, p<0.001; »=0.212,
p=0.019, respectively) (Table 4). Only the association with
DBP persisted in multivariable testing (p=0.027). Postop-
erative hemoglobin oxygen saturation was positively cor-
related with SBP and MBP in PFFs (»=0.253, p=0.005;
r=0.198, p=0.036, respectively). Only the association with
SBP persisted in multivariable testing (p=0.005).

Discussion

This study investigated the influence of blood pressure on
microvascular free flap perfusion, asknowledge about the
influence of blood pressure on flap perfusion could impact
both hemodynamic management, to balance the require-
ments of the general body circulation and the flap tissue
perfusion, and flap monitoring, to detect vascular flap com-
promise by measuring flap perfusion with the O2C analysis
system [2, 3, 12, 13, 15, 16, 25, 26, 30].

In this study, microvascular free flaps were investigated
separately for FFFs and PFFs, as these flap types differ in
their vascular anatomies and the flap perfusion parameters
measured with the O2C analysis system [13, 16, 19-22]. In
addition, blood pressure was examined separately in terms
of SBP, DBP, and MBP, as these may all separately influ-
ence flap perfusion and, thus, be of interest regarding intra-
operative and postoperative hemodynamic management
[28, 31-33].

Table 3 Association between flap perfusion parameters and blood pressure values in FFFs

Variable SBP (mmHg) DBP (mmHg) MBP (mmHg)

r p-value r p-value r p-value
Intraoperative measurement
Flow (AU) 0.021 0.815 -0.071 0.436 -0.037 0.686
Hemoglobin concentration (AU) 0.078 0.397 0.076 0.408 0.075 0.416
Hemoglobin oxygen saturation (%) -0.027 0.771 -0.106 0.248 -0.058 0.527
Postoperative measurement
Flow (AU) -0.013 0.888 0.084 0.358 0.046 0.615
Hemoglobin concentration (AU) -0.272 0.003* -0.087 0.344 -0.199 0.029*
Hemoglobin oxygen saturation (%) -0.052 0.569 0.018 0.847 -0.004 0.963

Parameters are indicated as Spearman correlation coefficient (r) with p-value for patients reconstructed with a FFF; significant p-values are
bold (*»<0.05 upon adjustment for flap ischemia duration (min), flap size (cm?), preoperative blood pressure SBP, DBP, or MBP (mmHg), pre-
operative arterial hypertension, and administered catecholamine dose (pg/min per kg) in multiple linear regression analysis); abbreviations:
SBP=systolic blood pressure, DBP=diastolic blood pressure, MBP=mean arterial blood pressure, FFF=fasciocutaneous free flap
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Table 4 Association between flap perfusion parameters and blood pressure values in PFFs
Variable SBP (mmHg) DBP (mmHg) MBP (mmHg)

r p-value r p-value r p-value
Intraoperative measurement
Flow (AU) -0.023 0.804 0.073 0.412 0.043 0.640
Hemoglobin concentration (AU) 0.056 0.539 0.052 0.565 0.061 0.502
Hemoglobin oxygen saturation (%) -0.107 0.237 -0.016 0.860 -0.079 0.386
Postoperative measurement
Flow (AU) 0.245 0.006* 0.239 0.008* 0.295 <0.001*
Hemoglobin concentration (AU) 0.053 0.564 0.298 <0.001* 0.212 0.019
Hemoglobin oxygen saturation (%) 0.253 0.005* 0.068 0.454 0.189 0.036

Parameters are indicated as Spearman correlation coefficient (r) with p-value for patients reconstructed with a PFF; significant p-values are
bold (*p<0.05 upon adjustment for flap ischemia duration (min), flap size (cm?), flap type (anterolateral thigh flap vs. fibula free flap), preopera-
tive blood pressure SBP, DBP, or MBP (mmHg), preoperative arterial hypertension, and administered catecholamine dose (ng/min per kg) in
multiple linear regression analysis); abbreviations: SBP=systolic blood pressure, DBP=diastolic blood pressure, MBP=mean arterial blood
pressure, PFF =perforator free flap
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Fig. 1 Postoperative blood flow and blood pressure in PFFs

Scatter plot for postoperative flap blood flow (AU) and blood pressure
(mmHg) in PFFs (separately described for SBP, DBP, and MBP); r and
p-value corresponding to Spearman correlation coefficient (*p<0.05
upon adjustment for flap ischemia duration (min), flap size (cm?), flap

This study demonstrated that flap perfusion in PFFs was
influenced by blood pressure, as postoperative flap blood
flow was positively associated with SBP, DBP, and MBP.

These findings stand in contrast with those of a study that
also investigated the influence of blood pressure on micro-
vascular free flap perfusion, but that study included only
a small number of patients and the measurement methods
used were not comparable [18]. The findings of this study
were expected given a theoretical model indicating that the
blood pressure gradient in the microcirculatory vascula-
ture of the flap is a major determinant of tissue perfusion
and flap perfusion, along with vessel radius, blood viscos-
ity, and vessel length, with the effect being exaggerated in
microvascular free flaps due to their denervation and loss of
neural adrenergic vascular tone control after flap harvest-
ing [2, 4, 6, 11]. However, blood pressure, when measured
as invasive arterial blood pressure, is not equivalent to the
blood pressure gradient in the microcirculatory vasculature
of the flap; still it likely reflects this blood pressure gradi-
ent, as the blood pressure in the venous vessel downstream
of the microcirculatory vasculature of the flap is relatively
low and, thus, negligible [1, 6, 34, 35]. The fact that these

type (anterolateral thigh flap vs. fibula free flap), preoperative systolic/
diastolic/mean arterial blood pressure (mmHg), preoperative arterial
hypertension, and administered catecholamine dose (pg/min per kg)
in multiple linear regression analysis); abbreviations: PFF =perforator
free flap, AU =arbitrary units

associations were only observed in PFFs and not in FFFs
may be due to the different vascular anatomies of the two
flap types, with PFF's (i.e. anterolateral thigh flaps and fibula
free flaps) being more susceptible to blood pressure due to
serial flow resistances based on their fewer perforator ves-
sels, with a decreasing total vessel diameter from the flap
pedicle to the microcirculation; in contrast to FFFs, which
are less susceptible to blood pressure influences due to par-
allel flow resistances based on their multiple perforator ves-
sels, with an increasing vessel diameter from the flap pedicle
to the microcirculation [19-23]. In general, the associations
were weak in quantitative terms but persisted in multivari-
able analysis after adjustment for potentially confounding
variables, implying in clinical terms that blood pressure is
only one of several factors influencing flap perfusion [36].
In contrast, the positive association between postoperative
hemoglobin oxygen saturation and MBP in PFFs found in
this study, which is consistent with the results of a previous
study showing a positive correlation between tissue partial
oxygen pressure in free flaps and MBP without adjustment
for confounding factors, did not persist in multivariable
testing [17]. The positive association between hemoglobin
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oxygen saturation and blood pressure, specifically SBP, in
PPFs may be due to the general dependence of hemoglobin
oxygen saturation on flap blood flow [16].

Unexpectedly, the association between postoperative
hemoglobin concentration and blood pressure was negative
in FFFs with respect to SBP and MBP and positive in PFFs
with respect to DBP. Regarding flap viability and survival,
as well as flap monitoring based on the measurement of flap
perfusion with the O2C analysis system in relation to pre-
defined threshold values (i.e., absolute threshold values for
flap blood flow and hemoglobin oxygen saturation and rela-
tive threshold values for hemoglobin concentration), how-
ever, the perfusion parameter hemoglobin concentration
plays a subordinate role [6, 11, 13, 15, 16].

In general, the observation that only postoperative flap
perfusion was affected by blood pressure may be attribut-
able to an adaption period for the flap tissue after reperfu-
sion with rearrangement of ischemia-induced flap tissue
changes [6, 37].

This study has several limitations, as flap perfusion was
only measured at two timepoints, which represent only a
short time period after flap reperfusion [38]. However, data
on independent variables, such as blood pressure values,
and presumably confounding variables, such as catechol-
amine dose administered, were only available for the two
timepoints used in this study [31]. In addition, measuring
flap perfusion at only one spot in the center of the flap,
which represents only a small portion of the flap microcir-
culation, is a limitation, as flap microcirculation may vary
throughout the flap tissue due to vascular shunts and local
metabolic changes [14, 39]. However, measuring flap perfu-
sion with the O2C analysis system at a central spot of the
flap is common in microvascular free flap monitoring [13,
16]. In addition, several potentially confounding factors
regarding flap perfusion, such as the vascular anatomy of
the cervical recipient vessels in terms of vessel length and
diameter or pretreatment of the cervical recipient vessels in
terms of prior neck dissection or neck irradiation, cannot
be excluded. In general, the blood pressure values were not
extremely low or high, which may limit the applicability
of the study results. It should also be mentioned that the
accuracy of the formula used to calculate the mean blood
pressure is influenced by the heart rate of the patients, which
was not taken into account and could therefore confound the
results of this study.

This study sheds light on microvascular flap perfusion
and shows that flap perfusion is partially dependent on
blood pressure, notably flap blood flow in PFFs. In terms
of clinical implications, this emphasizes that blood pressure
could be a parameter used in controlling free flap perfu-
sion to ensure flap survival by increasing blood pressure, as
decreased flap perfusion has been linked to flap failure [2,

@ Springer

6, 8, 11, 13—16]. In addition, the choice of PFFs for micro-
vascular head and neck reconstruction in patients who are
expected to have difficult hemodynamic management to
ensure stable blood pressure (e.g., patients with cardiovas-
cular comorbidities) may need to be critically evaluated [3,
11, 40]. In addition, blood pressure should be considered
as a confounding variable in the context of flap monitoring
with the O2C analysis system in terms of flap blood flow
and hemoglobin oxygen saturation [13, 16]. Further studies
are needed to confirm these results.

Conclusion

The results of this study indicate that microvascular free flap
perfusion in PFFs is partially influenced by blood pressure,
as postoperative flap blood flow in PFFs was weakly posi-
tively associated with blood pressure in terms of SBP, DBP,
and MBP. This emphasizes that blood pressure may serve as
an extra control variable for flap perfusion in PFFs, which
could help ensure flap viability and survival. It also implies
that blood pressure should be considered as a potential con-
founding variable in the context of flap monitoring with the
02C analysis system with regard to absolute threshold val-
ues indicating vascular flap compromise, specifically flap
blood flow and hemoglobin oxygen saturation.
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