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Abstract 

Background: Microcirculation within the ascending aortic wall, supplied by the vasa vasorum, is increasingly 
recognized as a potential factor in the pathogenesis of aortic aneurysms. However, in vivo assessment remains 
challenging. This pilot study aimed to evaluate ascending aortic microcirculation intraoperatively using Laser 
Doppler Perfusion Monitoring (LDPM). Material and methods: Twenty-four patients (18 males, 6 females) un-
dergoing elective cardiac surgery were enrolled. LDPM was performed on the exposed ascending aorta prior to 
surgical manipulation. A probe was sutured to the aortic wall and perfusion was recorded in Perfusion Units (PU). 
A brief probe compression test was conducted to evaluate perfusion response. Results: The mean LDPM value 
was 281.58 PU (males: 339.94 PU; females: 139.86 PU). In males, LDPM negatively correlated with age (r = –0.593, 
p = 0.0121), whereas a moderate but non-significant correlation was noted with BMI (r = –0.303, p = 0.2366).  
No significant associations were observed with hypertension, diabetes, smoking, or aortic dilation. A paradoxical 
increase in PU during probe compression occurred in 54% of patients. Conclusions: LDPM provides real-time in-
traoperative assessment of aortic microcirculation. Age-related decline in perfusion may contribute to aortic wall 
vulnerability. Further studies with larger cohorts are needed to validate these findings.
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Introduction

Microcirculation and its impairment as elements of the 
pathophysiology of cardiovascular diseases is recently gain-
ing attention in recent research. In the aortic wall the micro-
circulation is a network of small vessels (vasa vasorum) that 
supply its tissue with blood flow and nutrients. Impairments 
in this network are considered an early pathogenic factor in 
cardiovascular diseases, and may often precede structural 
changes, e.g. formation of an aneurysm. The microscopic 
scale of these vessels poses a significant technical challenge 
in the evaluation of microcirculation. Laser Doppler Perfu-
sion Monitoring (LDPM) provides a non-invasive method to 
measure tissue perfusion and its dynamic response to stim-
uli. Recent studies have explored the potential involvement 

    Materials and methods

We enrolled patients undergoing cardiac surgery in ac-
cordance with the European Society of Cardiology (ESC) 
guidelines, provided that replacement of the ascending aorta 
with a vascular prosthesis was not planned. The study popula-
tion consisted of 24 patients (18 males, 6 females). The mean 
age for males was 63.88 years (median 65.0), and for females 
71.14 years (median 70.0) (Figure 1). Six patients had ascend-
ing aortic dilation (> 35 mm), 6 had diabetes mellitus (25%),  
18 had hypertension (66.6%), 2 had chronic kidney disease 
(8.3%), 14 were current or former smokers (58.3%) and  
10 had a body mass index (BMI) of ≥ 30 (41.67%). All partici-
pants provided informed and voluntary consent to participate 

Figure 1. Population parameters: age (years), height (cm), weight (kg), BMI (kg/m²)

of microcirculatory dysfunction in condi-
tions such as aortic aneurysm, ischemic 
heart disease and hypertrophic cardio- 
myopathy.

Prior applications of LDPM in cardiac 
surgery have primarily focused on myo-
cardial perfusion during off-pump cor-
onary artery bypass grafting (OPCABG) 
[1-2]. LDPM has been utilized more 
widely in neurology [3], hypertension [4],  
nephrology [5], and plastic surgery [6]. 
However, studies involving LDPM in the 
assessment of aortic microcirculation 
remain scarce. Herein, we present pre-
liminary LDPM data obtained intraop-
eratively from cardiac surgery patients 
at a single institution. In this pilot study, 
we aimed to establish a method of direct 
measurement microcirculation within 
the wall of the ascending aorta intra-
operatively using LDPM. To the best of 
our knowledge, no reports have been 
published on the use of LDPM measure-
ments in the ascending aorta, apart from 
a single press release authored by our 
team [7].
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in the study. The research protocol was approved by an inde-
pendent bioethics committee for scientific research. 

Surgical procedures were conducted by 1 of the 2 sur-
geons trained in the use of LDPM. Using laser Doppler tech-
nology, LDPM detects perfusion within within a tissue volume 
of approximately 1 mm³, penetrating up to 1 mm in depth. 
Perfusion values are reported in perfusion units (PU), which 
are not standardized and therefore allow for a relative com-
parison of measurements obtained with the same manufac-
turer’s equipment only. 

All measurements were taken using  the Probe 404-1 and 
Periflux 5000 base unit (PeriMed AB, Järfälla, Sweden). After 
exposure of the mediastinum and ascending aorta, the probe 
was sutured to the aortic wall using three single 5-0 stitch-
es (Figure 2). Baseline perfusion was recorded for 1 minute. 
A compression test was then performed by applying pressure 
to the probe, and changes in perfusion were visualized graph-
ically. Due to the need to maintain sterility in the surgical field, 
it was not possible to measure the amount of pressure ap-
plied during the probe compression test. However, the meas-
urements were performed by only 2 cardiac surgeons, who 
aimed to apply a consistent amount of pressure in each test. 
While the compression test remains subjective, our goal was 
to minimize the variability resulting from differences between 
operators as much as possible. This test aimed to determine 
whether compression reduced the blood flow through the 
vasa vasorum, supporting the hypothesis that increased wall 
stress (e.g. in hypertension) may impair aortic wall perfusion, 
contributing to aneurysm formation [8].

    Results

The mean LDPM value in the study cohort was 281.58 
PU, with a median of 215.5 PU. In male patients, the mean 
was 339.94 PU (standard deviation (SD) 241.2), and the me-
dian 252.0 PU, whereas in female patients the mean was  
139.86 PU (SD 53.0), and median 149 PU (Figure 3). In males, 
LDPM negatively correlated with age (Spearman’s r = –0.593, 
p = 0.0121) (Figure 4); a moderate but non-significant correla-
tion was noted in females (Spearman’s r = 0.429, p = 0.3374). 
A moderate but non-significant correlation between BMI  
and LDPM was found in males (Spearman’s r = –0.303,  
p = 0.2366), with no significant correlation in females. 

In the group with an enlarged ascending aorta, the mean 
LDPM value was 312.17 PU (SD 213.71 PU), with a median of 
238.5 PU. In the group without aortic enlargement, the mean 
LDPM was 271.39 PU (SD 231.41 PU), and the median was 
185.5 PU. No statistically significant difference was observed 
between the groups with and without ascending aortic en-
largement (Mann-Whitney U test, p = 0.505). No significant 

Figure 2. LDPM probe sutured to the ascending aorta Figure 4. The relationship between LDMP and age in men

Figure 3. LDPM in the male and female populations
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correlations were observed between LDPM values and smok-
ing (Pearson’s r = 0.199), diabetes mellitus (r = –0.09), or 
hypertension (r = –0.036). Interestingly, 54% of patients ex-
hibited a paradoxical increase in PU during the compression 
test; the remaining patients showed the expected decrease 
in perfusion.

Discussion 

Our microcirculatory assessment of the ascending aor-
ta is an early but promising step toward understanding the 
pathophysiology of aneurysm formation. Cystic medial de-
generation, a primary cause of ascending aortic aneurysms, 
is often associated with hypertension-induced vascular re- 
modeling [9]. Hypertensive arteriopathy may extend to the 
aortic vasa vasorum, impairing their function. Similarly, poorly 
controlled diabetes is known to damage microvasculature in 
organs such as the retina and kidneys, raising the possibility 
that similar damage occurs in the aortic wall [10]. This pilot 
study suggests several promising directions for further explo-
ration, including correlating intraoperative LDPM data with 
the histopathological analysis of aortic adventitia.

One of our aims was to evaluate the impact of hyper-
tension and diabetes on ascending aortic microcirculation. 
However, our small sample size (n = 24) limited the statistical 
power and may explain the absence of statistically significant 
correlations. Depending on the assumed parameters, the 
sample size required to achieve adequate statistical power 
ranges from 75 to 128 participants. We anticipate that a study 
with 100 participants, combined with improved data collec-
tion, would enable the detection of statistically significant cor-
relations and the drawing of meaningful conclusions.

Another limitation of LDPM is the laser’s penetration 
depth, which reaches a maximum of approximately 1 mm into 
the wall of the ascending aorta. As a result, individual differ-
ences in the thickness of the aortic wall layers, and the associ-
ated variability in tissue vascular density, may lead to discrep-
ancies in measurements between patients. This represents an 
additional limitation of the LDPM, highlighting the need for 
further analysis and the development of standardized tech-
niques for measurements. Another unresolved issue involves 

the heterogeneous response to the compression test, sug-
gesting the need for further validation of this method.

Additionally, the use of a single perfusion probe signifi-
cantly limited our measurement throughput, as each probe 
required prolonged sterilization between surgical procedures. 
In our study the aortic diameter was determined via echo-
cardiography, a modality subject to operator variability [11]. 
Whereas computed tomography angiography would provide 
more precise measurements and may be advisable in future 
studies.

    Conclusions

This pilot study demonstrates the feasibility of directly 
measuring microcirculation in the ascending aortic wall intra-
operatively using LDPM. The observed negative correlation 
with age may reflect the age-related decline in aortic micro-
vascular function. No statistically significant correlations were 
found between LDPM and aortic dilation, diabetes, hyperten-
sion, smoking, or BMI. Further investigations in larger cohorts 
with an extended parameter analysis are warranted to vali-
date these preliminary findings.
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