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Abstract: This systematic review evaluates the recent advancements over the past decade in the application of laser Doppler flowmetry 
(LDF) for measuring microcirculation and predicting outcomes in intestinal ischemia. A comprehensive analysis of experimental and clinical 
studies highlights the potential of LDF as a sensitive tool for assessing tissue viability and delineating ischemic boundaries. While numerous 
investigations demonstrate its promising diagnostic utility, significant variability in results and the lack of standardized thresholds limit 
widespread clinical adoption. The review emphasizes the need for further large-scale, multicenter studies to establish standardized 
parameter cutoff values and to optimize the integration of LDF with complementary imaging modalities. Overall, LDF remains a promising 
technique for enhancing the diagnosis and management of intestinal ischemia, contingent upon future validation and methodological 
standardization. 
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Introduction  

The method for assessing microcirculatory blood flow using 
laser Doppler flowmetry (LDF) has been known for quite some 
time. One key publication describing its basic principles is the work 
by Bonner RF and Nossal R (1990) [1]. LDF relies on the Doppler 
effect: a laser beam, upon striking living tissue, reflects from 
moving erythrocytes, with the frequency shift of the reflected 
signal proportional to blood flow velocity. This allows for non-
invasive assessment of volumetric blood flow velocity and the 
overall state of the microcirculatory network. In various 
modifications, the equipment simultaneously analyzes study and 
control areas, conducts tests with changes in regional blood flow, 
and uses methods for analyzing the LDF signal spectrum in 
addition to basic assessment parameters. These approaches 
provide data on perfusion magnitude, blood flow amplitude and 
frequency, and assess the functional reserve and reactivity of 
microvessels. LDF can be performed with devices using contact or 
invasive sensors or in a non-contact manner. 

LDF has been applied to assess regional blood flow in the 
extremities for conditions such as obliterating vascular diseases, 
diabetes mellitus, neurological diseases, burn medicine, and 
others. The method is widely used in pharmacological practice to 
evaluate changes in microcirculatory blood flow – including 
invasive assessments – in studies of various drug effects. 

Significant interest exists in applying LDF in abdominal surgery 
for intraoperative assessment of intestinal blood flow, particularly 
in cases of ischemia and determination of resection boundaries. 

Changes in microcirculatory blood flow in certain areas serve as a 
valuable prognostic factor, enabling determination of tissue 
viability and prediction of future progression. However, existing 
reviews do not offer a comprehensive modern assessment of LDF's 
development in intestinal ischemia, nor do they compare it with 
other methods of assessing tissue perfusion. Some reviews 
address LDF application in general without focusing on this specific 
issue. 

Objective. To systematize literature data on the application of 
laser Doppler flowmetry (LDF) in assessing intestinal ischemia, 
provide a comprehensive evaluation of its use in modern 
experimental and clinical medicine, and identify key achievements 
from its implementation. 

 

Material and Methods 

We conducted a comprehensive search of more than 170 
million scientific articles in available databases (PubMed, Embase, 
Cochrane, Scopus, Web of Science), following PRISMA criteria for a 
systematic review on LDF application for diagnosis and prognosis 
in intestinal ischemia. The search strategy focused on studying 
fundamental principles, experimental and clinical applications, 
comparative studies, and assessment of prognostic results of LDF 
in intestinal ischemia, including decision-making for surgical 
interventions. To implement our search strategy, we used 
keywords such as “laser Doppler flowmetry,” “intestinal ischemia,” 
“peritonitis,” “microcirculation,” and “outcome prediction,” 
including publications from 2014 onward in English and Russian. 
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The authors screened and extracted data according to the PRISMA 
2020 flowchart for systematic reviews, presented in Figure 1. 

The inclusion criteria were formulated using the PICOS 
principle (Population, Intervention, Comparison, Outcomes, Study 
design): 

− P: Surgical patients with intestinal ischemia of various 
etiologies or peritonitis. 

− I: Laser Doppler flowmetry (LDF) or combined techniques. 

− C: Standard methods or other perfusion assessment methods. 

− O: Diagnosis, outcome prognosis, and establishment of tissue 
perfusion standards. 

− S: Clinical, experimental, or animal studies. 

We also assessed quality and risk of bias, with qualitative data 
synthesis highlighting key figures (sensitivity, specificity, perfusion 
standards) from major publications. 

Thus, over the last 10 years (2014-2025), more than 150 works 
have been published in the global scientific literature on applying 
LDF to assess intestinal blood flow, predict ischemia, and justify 
resection volume. This reflects significant interest in using this 
technique to address pressing problems in abdominal surgery. 
Studies from the last decade emphasize its diagnostic significance, 
clinical application, and potential to improve surgical treatment 
outcomes. 

Figure 1 presents a comparison of opinions on the 
effectiveness of laser Doppler flowmetry for intraoperative 
determination of intestinal tissue ischemia severity and decision-
making on resection boundaries. Up to 2024, 21 sources from 
those studied affirmatively answer the question about the proven 
clinical value of the LDF method for determining intestinal 
ischemia severity (289 citations total). These include numerous 
prospective clinical studies, animal experiments, or clinical case 
studies (with histological or clinical verification of results). Eight 
sources acknowledge the clinical value of LDF in addressing 
intestinal ischemia (200 citations), though evidence is limited by 
small sample sizes, narrative reviews, technical limitations, or lack 
of direct result verification. Further research and standardized 
threshold values are needed. One widely mentioned experimental 
animal study (19 citations), published in an authoritative journal, 
revealed high variability in LDF measurement results, limiting their 
reliability for determining perfusion levels in the colon during 
surgical intervention. 

Interestingly, all high-impact articles (8 articles, Q1) from the 
last 10 years unequivocally support the use of LDF for diagnosing 
intestinal ischemia (Figure 2). 

 

Detailed Analysis of Key Sources on LDF for Intraoperative 
Assessment of Intestinal Viability Over the Last 10 Years 

In this section, we provide a detailed breakdown of each key 
source included in the expanded review, emphasizing modern 
data, methodology, and clinical significance. Table 1 shows the 
distribution of reviewed publications by type of study 
(clinical/experimental/animals) over the last 10 years. In Table 2 
we summarize the distribution of LDF application in the areas of 
abdominal surgery, including veterinary applications. 

Zacharenko et al. (2021) presented a significant study 
reproducing an experimental model of small intestine ischemia-
reperfusion in rabbits. They assessed LDF parameters and laser 
fluorescence spectroscopy (LFS) compared with histology. The 

authors showed that the greatest diagnostic value came from 
isolated assessment of nicotinamide adenine dinucleotide (NADH, 
reduced form) fluorescence difference (77.3%), with maximum 
sensitivity (85.7%) from combined analysis of LDF and LFS. They 
also confirmed a high correlation between decreased 
microcirculation, as measured by LDF, and the severity of ischemic 
changes. Critical LDF values included: below 21.8 PU, indicating 
necrosis; and above 21.8 PU, indicating viability. The authors 
concluded that the combined approach shows promise for 
objective intraoperative assessment of intestinal viability and 
requires further clinical validation. Authors also provide a review 
comparing their data with other sources [2, 3]. 

Verhaar and Geburek reported studies of horses with natural 
strangulation lesions, assessing LDF and spectrophotometry of the 
intestinal wall before and after strangulation relief, with data 
compared to histology of the resected segment. Segments with 
severe damage showed reliably lower perfusion as measured by 
LDF, though tissue perfusion figures exhibited high individual 
variability. Thus, LDF can detect severe ischemic intestinal damage 
but requires consideration of variability and additional factors [4-6]. 

 

 

Table 1. Distribution of publications by type of study over the last 10 
years 

Study Category Number of publications (2014-2025) 

Clinical 31 
Experimental 8 
On animals 12 

 

 

 
Figure 1. Flowchart of review creation methodology (PRISMA 2020). 
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Table 2. Distribution of the reviewed publications by main areas of LDF application in abdominal surgery 

Study Topic Clinical Studies Animal Experiments Perfusion Levels Combined (LDF + Another Method) Postoperative Outcomes 

Acute Intestinal Ischemia 11 6 8 4 6 
Chronic Intestinal Ischemia 5 1 3 3 2 
Colonic Ischemia 7 2 5 2 4 
Small Intestine Transplantation 2 None 1 1 2 
Veterinary 4 3 2 2 2 

 

 
Figure 2. Level of evidence for LDF in intestinal ischemia diagnosis based 
on publications over the last 10 years compared to studies before 2014. 

 

The same authors published another study describing 17 
horses with colic and colon strangulation; they performed LDF and 
spectrophotometry, compared survivors and nonsurvivors, and 
correlated perfusion data with histology. After strangulation relief, 
tissue blood flow and oxygen saturation indicators were higher in 
surviving horses than in nonsurviving ones. The authors concluded 
that LDF can predict damage severity and survival prognosis, 
correlating with morphology [4]. 

These authors also conducted a narrative review of modern 
auxiliary methods (LDF, fluorescence angiography, 
spectrophotometry) for assessing intestinal viability in horses [7]. 
They concluded that LDF and fluorescence angiography are 
actively being introduced into veterinary and human surgery, but 
blinded clinical studies and standardized thresholds are lacking. In 
their opinion, LDF is a minimally invasive, promising method that 
requires standardization and further research for widespread 
implementation. 

One more literature review on modern methods of 
intraoperative assessment of intestinal ischemia recommends LDF, 
ultrasound, and angiotonometry as highly sensitive methods for 
assessing intestinal microcirculation [8]. The authors recommend 
LDF for objective perfusion assessment but note the need for 
further standardization and clinical validation. 

In a study by Wang et al. (2022) on an experimental pig model 
of induced intestinal ischemia (anastomosis formation, vessel 
ligation), LDF was evaluated as a contact method for quantitative 
microcirculation assessment [9]. The authors analyzed 35 datasets, 
showing that LDF provides high sensitivity to local perfusion 
changes but is limited by a small measurement area and potential 
mechanical influence of the sensor on blood flow. Compared with 
non-contact laser speckle contrast imaging (LSCI), LDF is inferior in 
tissue coverage and analysis speed, complicating its use for 
comprehensive intraoperative ischemia severity diagnosis. 
Nevertheless, the method demonstrates value in point monitoring 
of critical zones, complementing multimodal optical approaches to 
increase accuracy in determining resection boundaries. 

Kiseleva et al. (2021) recognized LDF as a pioneering method 
for intraoperative assessment of intestinal perfusion in acute 
mesenteric ischemia, showing high sensitivity to ischemic damage 
prediction and differentiation of zones with critical blood supply 
[10]. Based on clinical data from 18 patients (including 9 with 
acute mesenteric ischemia) and an experimental phase on a pig 
intestine model, the authors emphasized that LDF allows 
quantitative determination of decreased microcirculatory flow, 
correlating with histological changes and helping establish viable 
tissue boundaries. However, the method is limited by point 
measurements, inability to visualize structural intestinal wall 
damage, and the need for combination with multimodal optical 
coherence tomography (OCT) for comprehensive ischemia severity 
diagnosis and resection volume optimization. 

Timerbulatov et al. (2017) applied LDF using the LAKK-02 (laser 
analyzer of capillary blood flow) for diagnosing ischemic intestinal 
damage in an experimental model of intra-abdominal 
hypertension in 5 pigs and 7 piglets, supplemented by clinical data 
from 203 patients with acute surgical abdominal diseases [11]. The 
method revealed a sharp decrease in microcirculatory flow in the 
serous membrane of ischemic zones (up to 90% of normal), as well 
as reflex ischemia in adjacent areas, ensuring accurate 
determination of tissue viability and resection boundaries over 
90%. LDF surpasses visual and palpatory assessment in objectivity 
and reproducibility, showing potential in intraoperative monitoring 
to minimize necrobiotic changes and improve outcomes in acute 
mesenteric ischemia. 

In an experimental study described in a patent for invention 
[12], the authors proposed an innovative method for determining 
intestinal viability and optimal resection boundaries in 
strangulation intestinal obstruction using laser spectrophotometry 
to assess intestinal wall microcirculation in laboratory animals. The 
method involves measuring perfusion indicators during 
strangulation and after relief, followed by injection of 0.5 mL of 1% 
nicotinic acid solution into the mesentery of the studied segment. 
After 5 minutes, perfusion is reassessed and compared with 
healthy intestine indicators. Restoration of perfusion to healthy 
levels indicates segment viability, enabling objective real-time 
registration of microcirculation changes with high accuracy and 
informativeness. This approach complements laser Doppler 
flowmetry, increasing the reliability of intraoperative ischemia 
severity diagnosis and minimizing resection volume. 

Regarding combined techniques (McGuinness-Abdollahi et al., 
2015), the authors suggested a combined LDF+PPG sensor, with 
clinical measurements in 30 patients at different operation stages 
[13]. Earlier, the same author reported results from a study using a 
constructed sensor for simultaneous LDF and PPG monitoring 
during intestinal resection in 24 patients (Abdollahi, 2015). The 
conclusion was that LDF and PPG record perfusion changes at 
critical stages of intestinal wall ischemia development, with LDF 
more sensitive to motion artifacts [14]. The authors concluded 
that such combined methods enable objective perfusion 
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assessment and early detection of anastomotic failure risk, 
showing technical feasibility and superiority over separate LDF use. 

Russian authors Shevchenko and Polikov (2019) presented 
results from studying intestinal wall microcirculation using LDF in 
patients with intestinal wall necrosis [15]. They concluded that in 
necrosis, microcirculation is undetectable via LDF, confirming 
necrosis objectively and helping avoid excessive resections. 

Parshin et al. (2020) reported data from a retrospective study 
of 54 patients with peritonitis, analyzing intestinal microcirculation 
parameters via LDF [16]. The authors found that low LDF values 
are associated with future complication development. Significant 
indicators included microcirculation percentage (r=0.77, P<0.05), 
standard deviation (r=0.67, P<0.05), and variation coefficient 
(r=0.59, P<0.05). In the main group (with complications), 
PM=17.6±1.55 PU; in the comparison group, 23.37±1.83 PU; 
reference, 32.21±1.18 PU. Subsequently (Parshin and Topchiyev, 
2021), these authors described a study of 48 patients measuring 
peritoneal microcirculation via LDF during and after surgery (via 
drains at 24 and 48 hours). By 24 hours postoperatively, LDF 
indicators (microcirculation percentage, standard deviation, and 
variation coefficient) significantly correlated with tertiary 
peritonitis development (r=0.71; r=0.55; r=0.63; P<0.05) [17]. 
Thus, microcirculation disorders detected by LDF can indicate 
recurrent peritonitis risk in the postoperative period. 

In human studies, LDF assessed microcirculation in patients 
with chronic mesenteric ischemia (CMI) and median arcuate 
ligament syndrome (MALS) [18-20]. Often combined with visible 
light spectroscopy, LDF revealed significantly reduced mucosal 
microcirculatory perfusion in patients with CMI compared with 
controls, demonstrating high sensitivity and specificity in 
diagnosis. Posttreatment, measurable microcirculation 
improvements confirmed LDF's role in monitoring therapy 
effectiveness [21]. Berge et al. (2019), in a study of 104 patients 
with chronic mesenteric ischemia, used LDF and visible 
spectroscopy to show significant microcirculation reduction in the 
stomach and duodenum compared with controls [22]. Mean 
capillary blood oxygen saturation (SO₂): 67±9% in patients vs. 
81±4% in controls (P<0.001). SO₂ sensitivity for ischemia diagnosis 
was 94%, and specificity was 72% (cutoff 78%). 

Aksoy N et al. (2024) reported that, based on their research, 
LDF detects significant microcirculation changes in patients with 
adhesive intestinal obstruction, potentially marking future 
complication development [23]. 

Thus, LDF demonstrates high sensitivity and objectivity for 
intraoperative assessment of intestinal viability, especially in 
ischemia and resection boundary determination, which mentioned 
and approved in a number of other less significant papers [24-52]. 

It should be noted that while 52 references are included in this 
review, the synthesis is centered on the most methodologically 
sound and directly relevant studies. References 24–52, which 
encompass supplementary experimental, clinical, and veterinary 
studies, are cited to reflect the wider research landscape but are 
not elaborated upon individually. This selective focus is a limitation 
of the present review format. 

 

Key Points 

• LDF enables objective, quantitative assessment of 
microcirculation, essential for determining resection boundaries 
and avoiding complications. 

• The threshold value of<50 PU is confirmed as critical for 
intestinal viability in multiple clinical and experimental studies. 

• Combined methods (LDF+LFS, LDF+PPG) enhance diagnostic 
sensitivity and reliability. 

• In veterinary and experimental surgery, LDF demonstrates 
high correlation with morphology and outcomes. 

• Standardization, large-scale RCTs, and LDF integration into 
modern surgical protocols are necessary. 

 

Conclusion 

Current data confirm LDF's advantage over clinical criteria and 
its comparability with other optical methods for predicting 
complications and optimizing surgical tactics. For widespread 
implementation, standardization of threshold values, large-scale 
clinical studies, and integration with other technologies (LFS, 
spectrophotometry, PPG) are required. 
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