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Abstract

Microvascular flap surgery has secured its place in reconstructive surgery as
an important technique for correcting various tissue defects. Despite substantial progress in
surgical techniques and reduction of complication rates, flap loss remains a challenge.
This research aimed to outline new avenues for improving outcomes and to examine novel
nutritional, inflammatory, and immunological biomarker models for predicting complications
in microvascular flap surgery.

The first part of the research involves a narrative literature review that analyses
80 studies in PubMed, Scopus and Web of Science published from 1 January 2007 to 1 July
2024. The aim of the first part was to outline novel avenues for best practice and provide
an outlook for further research of anaesthesia and perioperative care concepts in microvascular
flap surgery. The results of the narrative review indicated that the assessment of nutritional
status, hypoalbuminemia, chronic inflammation, and hypercoagulability assessment currently
lack sufficient data and are highly promising avenues for further research.

The first study of the prospective observational part includes 72 adult patients
undergoing elective microvascular flap surgery. The aim of this study was to assess
the predictive value of the Controlling Nutritional Assessment (CONUT) score for
complications in microvascular flap surgery. Blood samples for full blood count, total plasma
cholesterol, and albumin levels were obtained on the day of surgery prior to initiation of
crystalloids. The serum albumin concentration, total peripheral lymphocyte count, and serum
total cholesterol concentration were used to assign the CONUT score. The CONUT score had
an AUC 0of 0.813 (0.659—-0.967, p = 0.012) for predicting complications other than true flap loss
due to vascular compromise. A CONUT score > 2 was indicated as optimal during cut-off
analysis (p = 0.022). Patients with flap complications had a longer duration of hospitalisation
(13.55,10.99-16.11 vs. 25.38, 14.82-35.93; p=0.004). Our findings indicated that
the CONUT score has considerable predictive value for minor flap complications in
microvascular flap surgery but was not predictive of true flap loss.

The second study of the prospective part aimed to evaluate the Fibrinogen-to-Albumin
ratio (FAR) for predicting complications in microvascular surgery. It included 130 adult
patients undergoing elective microvascular flap surgery. Preoperative blood draws for analysis
of plasma fibrinogen and albumin were collected on the day of surgery prior to crystalloid
infusion. Binary logistic regression revealed that patients with FAR <0.08 and FAR < 0.06 had
increased odds of flap haematoma or flap loss (OR 3.68, 1.04—13.03, p=10.044 and 6.01,
1.71-21.08, p=0.005). Patients with FAR > 0.10 had increased odds of minor flap
complications (OR 5.47, 1.33-22.50, p = 0.019). Patients with FAR < 0.06 had increased odds



of flap complications (OR 4.71, 1.27-18.03, p = 0.021). FAR > 0.10 also increased the odds of
flap complications (OR 3.09, 1.08-8.81, p = 0.035), implying a U-shaped link.

The third study of the prospective part evaluated the link between von Willebrand factor
antigen (VWF:Ag) and flap complications in 88 adult patients undergoing -elective
microvascular flap surgery. Preoperative blood draws were collected on the day of surgery
prior to crystalloid infusion. The plasma concentration of VvWF:Ag, albumin,
neutrophil-to-lymphocyte ratio (NLR), interleukin-6, C-reactive protein (CRP) and fibrinogen
were determined. vVWF:Ag levels were higher in true flap loss when compared to patients
without complications (217.94 TU/dL, 137.27-298.45 vs. 114.14, 95.67-132.71, p=0.001).
Regression analysis revealed an association between VWF:Ag and true flap loss a cut-off point
of 163.73 TU/dL (OR 70.22, 10.74-485.28, p = 0.043). Increased vWF:Ag concentrations were
linked to increases in plasma fibrinogen (p <0.001), CRP (p <0.001), interleukin-6
(p =0.032), and NLR (p =0.019). The findings of this study indicate that preoperative plasma
vWF:Ag concentration is linked to biomarkers of inflammation, and the selected cut-off
provides a viable model for predicting complications in microvascular flap surgery.

The fourth study of the prospective part aims to evaluate the viability of tumor necrosis
factor beta-1 (TGF-B1) for predicting microvascular flap complications. This prospective
observational cohort study included 173 individuals who underwent elective reconstructive
microvascular flap surgery. All patients who had true flap loss or secondary flap complications
(n=22) were included in the complication group. An equal number of patients with
no complications (n = 22) were selected from the overall cohort using simple randomisation to
form the 44 patient cohort to match the available sample count for laboratory analysis.
Preoperative blood draws for analysis were collected on the day of surgery before crystalloid
infusion. Postoperative blood draws were collected after surgery before leaving the operating
room. Preoperative and postoperative plasma concentration of TGF-B1 as well as preoperative
parameters such as full blood count, albumin, interleukin-6, total protein, triglycerides, total
cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, CRP, and
fibrinogen, were determined. Increased postoperative TGF-B1 was positively linked to
preoperative plasma fibrinogen (p = 0.020), plasma CRP (p = 0.021), haematocrit (p = 0.039)
and haemoglobin (p = 0.009). Postoperative change of TGF-B1 was higher in patients with true
flap loss when compared to patients without complications and patients with minor flap
complications (0.403 logl0 of ng/ml, 0.024-0.782 vs. 0.157, 0.029-0.285 vs. —0.089,
—0.233-0.056, p=0.002). Multivariate regression analysis revealed that an increase in
postoperative change of TGF-B1 increases the odds of true flap loss (OR 2.028, 1.185-3.471,
p = 0.009).



This research has developed models of nutritional, inflammatory, coagulation and
immunological biomarkers to predict complications in microvascular flap surgery. It has also
uncovered important new insights into the pathophysiology of these complications and
expanded our understanding of preoperative assessment. These advancements may improve
outcomes for patients undergoing microvascular flap surgery.

Keywords: microvascular flap complications; reconstructive surgery; microvascular
flap surgery; flap loss; true flap loss; microvascular flap thrombosis; controlling nutritional
status; CONUT; fibrinogen-to-albumin ratio; FAR; von Willebrand factor antigen; vVWF:Ag;
neutrophil-to-lymphocyte ratio; transforming growth factor beta-1; TGFB-1; TGF-$1



Anotacija
Biomarkieru modelis
komplikaciju paredzeSanai
brivo léveru mikrokirurgija

Mikrovaskularo Ieéveru kirurgija ir plasi pielietota un nozimiga metode dazadu defektu
korekcijai. Neskatoties uz ievérojamu mikrovaskularas tehnikas attistibu un kopgjo
komplikaciju biezuma samazinasanos, lévera zudums joprojam ir klinisks izaicinajums.
ST pétfjuma mérkis bija atklat jaunus virzienus komplikaciju novérSanai un izpétit jaunus
malnutricijas, iekaisuma un iminmodulgjoso biomarkieru modelus, lai prognozetu
komplikacijas mikrovaskularaja 1&€veru kirurgija.

P&tijuma pirma dala ietver literatliras apskatu, kura analizeti 80 p&tijumi no PubMed,
Scopus un Web of Science datubazeém, kas publicéti no 2007. gada 1. janvara lidz 2024. gada
1. julijjam. Pirmas pétijuma dalas mérkis bija noteikt labakas prakses jaunos virzienus un sniegt
ieskatu turpmakai pétniecibai par perioperativo apripi mikrovaskularo 1€veru kirurgija un
iesp&jamajiem biomarkieriem komplikaciju paredzésanai. Literatiiras apskata rezultati noradija,
ka nepietickama uztura, hipoalbuminémijas, hroniska iekaisuma un hiperkoagulacijas
izvertéSanai Sobrid trukst pietickamu datu, tom@r tie ir daudzsolo$i virzieni turpmakai
péetniecibai.

Prospektivas dalas pirmaja noveroSanas tipa pétijuma, tika ieklauti 72 pilngadigi
pacienti, kuriem tika veikta planveida mikrovaskulara 1&vera operacija. Pirma pétijjuma mérkis
bija novertét uztura stavokla kontroles (CONUT, Controlling Nutritional Status) indeksa
prognostisko vertibu attieciba uz komplikacijam mikrovaskularo I&veru kirurgija. Asins paraugi
pilnas asinsainas, kop€ja plazmas holesterina un albumina Itmenu noteikSanai tika iegiti
operacijas diena pirms pirmo kristaloidu ievades. Seruma noteikta albumina koncentracija,
periféro limfocitu skaits un kopg€ja holesterina koncentracija tika izmantoti, lai aprékinatu
CONUT indeksu. CONUT indeksa laukums zem liknes (AUC, Area Under Curve) nelielu
levera komplikaciju prognozéSanai bija 0.813 (0.659-0.967, p=0.012). CONUT vertiba
>2tika noradita ka optimala robezvértibu analizé (p =0.022). Pacientiem ar I&vera
komplikacijam bija ilgaks hospitalizacijas laiks (13.55, 10.99-16.11 pret 25.38, 14.82-35.93;
p=0.004). CONUT indeksam ir nozimiga prognostiska vértiba nelielu 1€vera komplikaciju
paredz&Sanai, tacu tas neparedz I€vera zudumu.

Prospektivas dalas otra novéroSanas tipa petijjuma mérkis bija novertét fibrinogéna un
albumina attiecibas (FAR, Fibrinogen-to-albumin ratio) saikni ar pé&coperacijas
komplikacijam. Taja ieklauti 130 pilngadigi pacienti, kuriem tika veikta planveida

mikrovaskulara I€vera operacija. Pirmsoperacijas asins paraugi fibrinogéna un albumina [imenu



noteikSanai tika iegiiti operacijas diena pirms kristaloidu ievades. Binaras logistiskas regresijas
analize paradija, ka pacientiem ar FAR < 0.08 un FAR < 0.06 bija paaugstinats l&vera
hematomas vai lévera zuduma risks (IA 3.68, 1.04-13.03, p=0.044 un 6.01, 1.71-21.08,
p =0.005). Pacientiem ar FAR > 0.10 bija paaugstinats nelielu lévera komplikaciju risks
(IA 5.47, 1.33-22.50, p=0.019). Gan pacientiem ar FAR < 0.06, gan ar FAR > 0.10 bija
paaugstinata 1&veru komplikaciju iespgjamiba (IA 4.71, 1.27-18.03, p=0.021 un IA 3.09,
1.08-8.81, p = 0.035), kas liecina par U veida saistibu.

Prospektivas dalas tresa petijuma meérkis bija izvertét von Villebranda faktora antigéna
(VWF:Ag, von Willebrand factor antigen) saistibu ar lévera komplikacijam 88 pilngadigiem
pacientiem, kuriem tika veikta planveida mikrovaskulara lévera operacija. Pirmsoperacijas
asins paraugi tika savakti operacijas diena pirms kristaloidu ievadiSanas. Tika noteikta plazmas
vWF:Ag, albumina, neitrofilu-limfocitu attiecibas (NLR, Neutrophil-to-lymphocyte ratio),
interleiktna-6, C-reaktiva olbaltuma (CRO, C-reactive protein) un fibrinogéna koncentracija.
vWF:Ag limenis bija augstaks pacientiem ar l€vera zudumu, salidzinot ar pacientiem bez
komplikacijam (217.94 IU/dL, 137.27-298.45 vs. 114.14,95.67-132.71, p = 0.001). Regresijas
analize atklaja saikni starp vVWF:Ag un Iévera zudumu pie robezvértibas 163.73 1U/dL
(IA 70.22, 10.74-485.28, p = 0.043). Paaugstinatas vVWF:Ag koncentracijas bija saistitas ar
paaugstinatam fibrinogéna (p <0.001), CRO (p < 0.001), interleikina-6 (p =0.032) un NLR
(p=0.019) koncentracijam. Sis dalas rezultati liecina, ka pirmsoperacijas VWF:Ag
koncentracija plazma ir saistita ar iekaisuma biomarkieriem, un vWF:Ag > 163.73 IU/dL
norada uz palielinatu lévera zuduma risku.

Prospektivas dalas ceturta petijuma mérkis bija izvertet transformé&josa augsanas faktora
beta-1 (TGF-B1, Transforming growth factor beta-1) prognostisko vertibu attieciba uz
mikrovaskularo 1éveru komplikaciju risku. Saja prospektivaja novérodanas tipa pétijuma tika
ieklauti 173 pacienti, kuriem tika veikta planveida mikrovaskulara leévera operacija.
Visi pacienti ar lévera zudumu vai nelielam lévera komplikacijam (n=22) tika ieklauti
komplikaciju grupa. Izmantojot vienkarSo randomizaciju, tika atlasits vienads skaits pacientu
bez komplikacijam (n=22), izveidojot 44 pacientu grupu laboratorisko analizu veikSanai.
Pirmsoperacijas asins paraugi tika savakti operacijas diena pirms kristaloidu ievadiSanas.
P&coperacijas asins paraugi tika ievakti pec operacijas beigdm operaciju zale. Plazmas TGF-p1
koncentracijas plazma tika noteiktas pirms un péc operacijas. Pirmsoperacijas asins paraugos
tika noteikta pilna asins aina, albumins, interleikins-6, kop€jais olbaltums, trigliceridi, kop€jais
holesterins, augsta un zema blivuma lipoproteinu holesterins, CRO un fibrinogéna limentis.
Paaugstinata p€coperacijas TGF-B1 koncentracija bija pozitivi saistita ar pirmsoperacijas

fibrinogéna (p =0.020), CRO (p =0.021), hemoglobina (p =0.009) koncentraciju ka ari



hematokritu (p = 0.039). TGF-B1 picaugums tilit&ji pec operacijas bija izteiktaks pacientiem,
kam sekojosi bija [évera zudums, salidzinajuma ar pacientiem bez komplikacijam vai nelielam
leévera komplikacijam (0.403 logl0 ng/ml, 0.024—-0.782 vs. 0.157, 0.029-0.285 vs. —0.089,
—0.233-0.056, p=10.002). Regresijas analize atklaja, ka TGF-f1 piecaugums (ng/dl) péc
operacijas palielina tilit§ja 1€vera zuduma iesp&jamibu (IA 2.028, 1.185-3.471, p = 0.009).
P&tnieciska darba gaita izstradati nepietickama uztura, iekaisuma, koagulacijas un
imiinas atbildes biomarkieru modeli komplikaciju paredzéSanai mikrovaskularo l&veru
kirurgija. Pétijuma atklatas nozimigas atzinas par atsevisku komplikaciju tipu patogenézi un
paplasinata izpratne par komplikaciju riska perioperativo laboratoro novértéSanu.
Atslégvardi: mikrovaskularo 18veru komplikacijas; rekonstruktiva kirurgija;
mikrovaskularo 1&veru kirurgija; l€vera zudums; l€vera tromboze; nepietickams uzturs;
CONUT; fibrinogéna un albumina attieciba; FAR; fon Villebranda faktora antigéns; vWF:Ag;

transformé&josais augsanas faktors beta-1; TGF-B1.
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Abbreviations used in the Thesis

ANOVA Analysis of variance

ASA American Society of Anesthesiologists
AUC Area under curve

BMI Body mass index

CI95 95 % confidence interval

CONUT Controlling Nutritional Status Score
CRP C-reactive protein

Ccz Concordance probability method
FAR Fibrinogen-to-albumin ratio

ICU Intensive care unit

IL-6 Interleukin-6

IL-8 Interleukin-8

IQR Interquartile range

NLR Neutrophil-to-lymphocyte ratio
OR Odds ratio

PNI Prognostic nutritional index

RBC Red blood cell

ROC Receiver operator curve

TGF-p Transforming growth factor beta
TGF-B1 Transforming growth factor beta-1
vWF von Willebrand factor

vWF:Ag von Willebrand factor antigen

YI Youden’s index
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Introduction

Microvascular flap surgery has become a common method in reconstructive surgery for
addressing a wide range of tissue defects (Lese et al., 2021). These defects may arise from
causes such as trauma, cancer, chronic infections, or complex wounds of multiple aetiologies
(Min et al., 2022). Compared to conventional surgical techniques, free flaps offer improved
quality of defect correction, greater donor site flexibility, faster recovery, shorter hospital stays,
and reduced treatment costs (Galviz Tabarez et al., 2025).

Despite advancements in surgical methods and decreasing rates of complications, flap
loss remains a challenge (Lo et al., 2017). Complications are generally classified into three
categories: true flap loss, minor flap complications, and flap haematoma (Lo et al., 2017;
Vincent et al., 2019; Min et al., 2022). Throughout previous research, the overall complication
rate ranges from 3—6 % (Hanasono et al., 2008; Dolan et al., 2012; Lese et al., 2021).
Venous thrombosis is identified as the most common cause of true flap loss, while arterial
thrombosis tends to be the primary contributor to early flap loss (Stevens et al., 2023). In venous
flap thrombosis, pedicle kinking is a more prevalent cause of flap failure than anastomotic
failure (Williams et al., 2004). Despite the technical complexity of microvascular flap
transplantation, systemic responses to surgical trauma, including immune activation and
coagulation processes, play a significant role in predicting the outcomes (Schuderer et al.,
2023). Recent studies have highlighted the biological mechanisms underlying flap-related
complications and have proposed the use of specific biomarkers for risk stratification before
surgery (Chargi et al., 2022). These biomarkers may offer significant opportunities to evaluate
the risk of true flap loss, improve our understanding of flap complication pathophysiology and
refine perioperative care protocols.

Numerous studies have shown that malnutrition significantly contributes to
complications across various surgical populations (Reed et al., 2024; Portuondo et al., 2020;
Tobert et al., 2017). Malnourished patients are more prone to postoperative issues such as
wound dehiscence, infection, and fistula formation, often requiring reoperation and increasing
morbidity and hospital costs (Le et al., 2023; Quian et al., 2021). As nutritional status is
a modifiable risk factor, early screening, assessment, and intervention can help reduce
postoperative complications (Venianaki et al., 2021; Yu et al., 2020). Laboratory biomarkers,
routinely included in preoperative assessments, offer a convenient means of malnutrition risk
screening (Yu et al., 2020; Takagi et al., 2019). Given the complexity of microvascular flap
reconstruction and the availability of effective nutritional intervention strategies, using
biomarkers of malnutrition could improve surgical outcomes (Jaxa-Kwiatkowski et al., 2025;

Yu et al., 2020). Common laboratory markers for malnutrition risk include serum albumin,
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prealbumin, transferrin, and total lymphocyte count (Keller, 2019). The Controlling Nutritional
Status (CONUT) score, a simple tool based on serum albumin, total cholesterol, and
lymphocyte count, has proven effective in predicting postoperative outcomes across multiple
surgical populations (Lo Buglio et a., 2024; Ulibarri et al., 2005). Due to its versatility,
simplicity, and predictive value, the CONUT score may represent a promising tool for
evaluating nutritional risk in microvascular flap surgery patients.

In addition to malnutrition, systemic inflammation plays a role in flap thrombosis and
minor flap complications (Chargi et al., 2022). Low blood albumin levels are linked to elevated
proinflammatory mediators and impaired tissue regeneration, while high fibrinogen levels are
associated with inflammation and tissue repair, often serving as a predictor of complications
(Eckart et al., 2020; Luyendyk et al., 2019). While individual biomarkers can predict surgical
outcomes, recent studies show that combined measures enhance predictive accuracy and
improve prognostic value (Ren et al., 2024; Zhang et al., 2021; Tomita et al., 2020).
The fibrinogen-to-albumin ratio (FAR) is a promising combined measure that has demonstrated
strong potential for assessing postoperative outcomes across various surgical populations
(Altin et al., 2025; Park et al., 2022).

The detailed pathophysiology of true flap loss, although involving chronic
inflammation, is currently not fully defined (Chargi et al., 2022). True flap loss has been
associated with elevated fibrinogen, von Willebrand factor (vWF) function, and vWF antigen
(VWF:Ag) (Rothweiler et al., 2021; Drizlionoka et al., 2019, Du et al., 2015; Handschel et al.,
2013). Elevated vWF:Ag levels, often resulting from endothelial damage or inflammation, can
promote platelet aggregation and adhesion, exacerbating thrombotic risks in reconstructive
surgery (Rothweiler et al., 2021). The interaction between vWF and inflammatory biomarkers
in the context of thrombotic events remains complex, though studies by Handschel et al. and
Rothweiler et al. demonstrate the significant role of vVWF:Ag in true flap loss (Rothweiler et al.,
2021; Handschel et al., 2013). However, the full extent of VWF:Ag interactions with other risk
factors, including chronic inflammation, remains elucidated.

It is generally accepted that microvascular flap surgery provokes a predominantly
proinflammatory immunologic response (Schmidt et al., 2007, Zhang et al., 2006). Elevated
levels of proinflammatory cytokines, including interleukin-6 (IL-6), interleukin-8 (IL-8), and
macrophage colony-stimulating factor, have been associated with ischaemia-reperfusion injury
in microvascular surgery (Finke et al., 2018). Nevertheless, there is a lack of studies specifically
addressing the contribution of immunomodulatory cytokines to the pathophysiological
mechanisms underlying microvascular flap complications. Although previous investigations

have assessed cytokine levels within flap venous blood samples (Finke et al., 2018), no studies
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evaluate the postoperative change in immunomodulatory cytokine concentrations in regular
circulating blood samples. Transforming growth factor beta (TGF-f), a pleiotropic cytokine, is
involved in multiple cellular processes, including immunoregulation, inflammatory resolution,
and tissue repair (Deng et al., 2024). The principal isoform, transforming growth factor beta 1
(TGF-B1), has emerged as a potential biomarker, influencing thrombogenesis and thrombus
stabilisation (Zhang et al.,, 2024). TGF-Bl is predominantly released from platelet
alpha-granules and becomes bioactive under conditions of shear stress, which could have
pathophysiological and predictive implications in true flap loss (Ahamed et al., 2008).

Despite growing interest in the use of biomarkers for risk stratification in microvascular
flap surgery, there remains a lack of validated, clinically applicable models that integrate
nutritional, inflammatory, and thrombosis-related markers with patient outcomes (Chargi et al.,
2022; Vanags et al., 2020; Yu et al. 2020). This research aims to address this gap by
investigating the prognostic value of combined biomarkers, including the CONUT score, FAR,
as well as emerging individual biomarkers such as TGF-f1 and vWF:Ag, to enhance

preoperative risk assessment and perioperative care in microvascular flap surgery.

Aim of the Thesis
The aim of this study is to establish novel biomarker models for the preoperative and

early postoperative prediction of microvascular flap complications in reconstructive surgery.

Objectives of the Thesis

The following objectives are set to reach the aim of the Doctoral Thesis:

1. Outline novel avenues for best practice and provide an outlook for further research
on preoperative risk assessment, anaesthesia, and perioperative care in microvascular
flap surgery.

2. Assess the predictive value of the CONUT score for predicting complications in
elective microvascular flap surgery.

3. Evaluate the predictive value of FAR in predicting various complication types in
elective microvascular flap surgery.

4. Determine the predictive value of vVWF:Ag for microvascular flap complications and
investigate the relationship between markers of chronic inflammation and increased
vWF:Ag in various complication types.

5. Assess the prognostic significance of postoperative TGF-f1 changes in relation to
various microvascular flap complications and to examine the link between
perioperative TGF-B1 levels and other biomarkers in microvascular flap surgery

patients.
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Hypotheses of the Thesis

e Increased preoperative CONUT score effectively predicts malnutrition and
postoperative complication risk for microvascular flap surgery patients.

e Increased preoperative FAR predicts the risk of true flap loss in microvascular flap
surgery.

e Increased preoperative plasma vWF:Ag is linked to a proinflammatory state and is
predictive for complications in microvascular flap surgery.

e A significant postoperative increase in serum TGF-B1 relative to its preoperative

level demonstrates early predictive value and is associated with true flap loss.

Novelty of the Thesis

The novelty of this research lies in the exploration of biomarker models for prediction
of flap complications in reconstructive surgery. Many recent studies have the potential to
improve perioperative care, assess the risk of flap loss, and understand the pathophysiology of
microvascular flap complications using laboratory biomarkers. The development of biomarker
models offers a valuable and cost-effective approach by integrating preoperative laboratory
evaluations, combined measurements, and statistical modelling to enhance risk assessment
before microvascular flap surgery. Despite significant advancements in this field, several
knowledge gaps remain. It is increasingly evident that the factors influencing complications,
and the success of free flap microvascular reconstructions are complex and multifactorial.

The research outlines the interplay between inflammatory and coagulation markers and
how they can be combined to predict true flap loss. A key highlight of this research is
the demonstration of the effectiveness of assessing the postoperative increase of
the immunomodulating cytokine TGF-B1 for early prediction of impending true flap loss.
Ultimately, this research represents a pioneering contribution to expanding our understanding
of the pathophysiological patterns underlying various flap complication types, enhancing
preoperative patient risk assessment, and improving perioperative care in microvascular

flap surgery.
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1 Materials

The research consisted of two parts:

1. Narrative literature review of 80 studies (95 articles screened, 80 articles included)

2. Prospective cohort studies:

2.1. First study consisting of 72 patients (7 with other flap complications, 4 with true
flap loss, 61 without complications) for evaluating the predictive capacity of
the CONUT score.

2.2. Second study consisting of 130 patients (16 with other flap complications,
7 with true flap loss, 107 without complications) for evaluating the predictive
capacity of FAR.

2.3. Third study consisting of 173 patients, of whom 88 patients were selected for
analysis (14 with other flap complications, 10 with true flap loss, 64 without
complications) for evaluating the predictive capacity of vVWF:Ag.

2.4. Fourth study consisting of 173 patients, of whom 44 patients were selected for
analysis (12 with other flap complications, 10 with true flap loss, 22 without
complications) for evaluating the predictive capacity of postoperative increase
in TGF-B1.

The narrative literature review for the first part of the research was conducted using
the PubMed, Scopus, and Web of Science databases. A predefined search strategy incorporating
selected keywords was employed. Studies published between 1 January 2007 and 1 July 2024
were identified and included for analysis.

The prospective observational research with a total of 173 patients was conducted in
Riga East University Hospital. The study period ranged from 1 October 2021 to 31 March 2024.
Adult patients undergoing elective microvascular flap surgery who provided informed consent
were included in the research. The study was observational in nature, all surgical, anaesthesia,
and perioperative care decisions were made by a multidisciplinary team of attending physicians.
The selection of flap type was based on the defect characteristics, pedicle length, patient
positioning during surgery, patient body mass index (BMI), and adipose tissue distribution.
All surgeries were performed by a team of experienced surgeons. All patients underwent
general anaesthesia with monitoring of electrocardiography, pulse oximetry, blood pressure,
end-tidal carbon dioxide levels, body temperature, and urine output. Peripheral nerve blocks
with ultrasound and neurostimulation guidance were performed when indicated.

The following flap types were used in the research: anterolateral thigh flap; fibular flap;
deep inferior epigastric artery perforator flap; radial free forearm flap, gracilis muscle flap,

temporal artery flap, serratus anterior flap, and latissimus dorsi flap. Preoperative blood samples
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were obtained on the day of surgery immediately upon the first arrival in the operating room
before initiation of the first crystalloid infusion for all patients. Postoperative blood draws were
obtained after the end of surgery before leaving the operating room. Attending surgeons closely
monitored the microvascular flap for the first 3—5 post-operative days. Monitoring flap
complications was done through clinical evaluation of perfusion, assessing parameters such as
tissue colour, temperature, turgor, capillary refill, skin texture of the flap, absence of oedema,
and response to the pinprick test.

Written and electronic medical records were reviewed to collect data on patient
demographics, flap type, surgical site and duration, comorbidities, anaesthesia and
postoperative care, outcomes at both the flap and donor sites, length of intensive care unit (ICU)
stay, and total hospitalisation time. All data was collected in accordance with a previously
defined protocol.

Preoperative clinical laboratory analysis for all patients included in the research was
performed in Riga East University Hospital Laboratory Department. Full blood count analysis
of the preoperative samples was performed using the XN-1500 system (Sysmex Europe SE,
Norderstedt, Germany). Preoperative IL-6 concentrations were obtained by
electrochemiluminescence immunoassay (Cobas e, Roche/Hitachi, Manheim, Germany).
Preoperative C-reactive protein (CRP) concentrations were obtained using the method of
immunoturbidimetry (Cobas C, Roche/Hitachi, Manheim, Germany). Preoperative fibrinogen
concentrations were obtained using the CS 5100 system (Sysmex Corporation, Kobe, Japan).
Preoperative levels of total protein, albumin, triglycerides, total cholesterol, high-density
lipoprotein cholesterol, and low-density lipoprotein cholesterol were measured using
the enzymatic colorimetric technique (Cobas c, Roche/Hitachi, Manheim, Germany).

Sample storage for the fourth and fifth parts of the research including 173 patients was
conducted in Riga East University Hospital Centre of Oncology. The serum samples were
preserved at —80 °C in a consistent temperature in screw-cap tubes appropriate for long term
storage. vVWF:Ag evaluation for the fourth part of the research was performed using the human
vWF enzyme-linked immunoassay kit according to the manufacturer’s protocol from Abcam
(Cambridge, United Kingdom). TGF-B1 evaluation for the fifth part of the research was
conducted using the TGF-B1 enzyme-linked immunoassay kit according to the manufacturers
protocol from Merck (Darmstadt, Germany). All absorbance readings for enzyme-linked
immunoassay analyses were performed on a Varioskan Lux microplate reader (Thermo Fisher
Scientific, Massachusetts, United States of America) at the Riga Stradin$ University Institute

of Microbiology and Virology.
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2 Methods
2.1  First Part. Narrative literature review of novel challenges and opportunities for
anaesthesia and perioperative care in microvascular flap surgery

The study is described in the manuscript “Ojuva, A. M., Rocans, R. P., Zarins, J., Bine,
E., Mahauri, 1., Donina, S., Mamaja, B., & Vanags, I. (2024). Novel Challenges and
Opportunities for Anaesthesia and Perioperative Care in Microvascular Flap Surgery:
A Narrative Review. Clinics and Practice, 14(5), 2187-2201. https://doi.org/10.3390/clinpract
14050172”.

The narrative literature review included 80 articles. The article search and screening process
was carried out using the following algorithm and key terms: “preoperative risk”,
“risk factors”, “biomarkers”, “fibrinogen”, “malnutrition”, ‘“comorbidities”, ‘“anaemia”,
“coagulation”, “coagulology assessment”, “inflammation”, ‘“regional anaesthesia”, “general

9 ¢ 2 13 9% ¢

anaesthesia”, “analgesia”, “crystalloid”, “vasopressor”, “fluid”, “monitoring”, “anticoagulants”,

2 13 bh 13 bh 13 ek 13

“antiaggregants”, “intraoperative care”, “preoperative care”, “postoperative care”, “‘continuous
instrumental free flap monitoring” combined with “free flap failure”, “true flap loss”, “minor flap
complications”, “flap complications”, “free flap thrombosis”, “free flap surgery”, or “microvascular
flap surgery”. Selection of studies was based on their relevance to routine clinical practice, with
particular attention given to studies offering novel insights into risk prediction, personalised patient
care, and outcome improvement. Priority was given to randomised clinical trials, large-scale
observational studies, and the most recent publications. Article identification, screening and

inclusion process used in this review is shown in Figure 2.1.
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Figure 2.1. Identification, screening, and inclusion of studies
via databases and registers flowchart

Definitions for complications used in the literature review: true flap loss is defined as
the impairment of the flap blood flow due to venous or arterial anastomosed blood vessel dysfunction
or thrombosis leading to complete loss of the transposed flap; flap haematoma is defined as
the presence of a postoperative haematoma adjacent to the flap recipient site without interfering with
the flap blood supply either due to surgical causes or insufficient coagulation function; minor flap
complications are defined as the presence of flap recipient or donor site wound infection, slow or

difficult flap wound healing, partial or marginal flap necrosis, or difficult healing at the donor site.

2.2 First prospective study of the second part. CONUT score for prediction of
microvascular flap complications in reconstructive surgery

The study is described in the manuscript “Rocans, R. P., Zarins, J., Bine, E., Deksnis,
R., Citovica, M., Donina, S., & Mamaja, B. (2023). The Controlling Nutritional Status
(CONUT) Score for Prediction of Microvascular Flap Complications in Reconstructive

Surgery. Journal of Clinical Medicine, 12(14), 4794. https://doi.org/10.3390/jcm12144794”.
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2.2.1 Patient characteristics

This prospective cohort study included 72 patients undergoing elective microvascular
flap transplantation surgery from the 1 October 2021 to the 31 January 2023. The exclusion
criteria were patients with sepsis or severe systemic bacterial infection; patients with
autoimmune disorders; patients with blood-borne viral infections (Hepatitis B; Hepatitis C and
HIV); pregnant patients and patients during lactation period; and patients with congenital

hypercoagulability or any clotting disorder. The patients’ data is summarised in Table 2.1.

Table 2.1
Patient characteristics
Overall No True Any flap
Patient group _ complications| flap loss | complications |p-value
n="72
n =061 n=4 n=11
Demographical data
553 56.9 65.0 49.6

Mean age, years (51.5-59.1)| (61.0-654) | (63.5-66.5) | (37.7-56.1) | 97

Women, n (%) 32 (44.4) 25 (40.1) 2 (50) 5(45.5) 0.418
Area of reconstruction

Extremity, n (%) 15 (20.8) 12 (19.6) — 3(27.3) 0.289

ENT, n (%) 26 (36.1) 22 (36.1) 2 (50.0) 4 (364 0.496

Head and Neck, n (%) 16 (22.2) 14 (30.0) 1 (25.0) 2(18.2) 0.322

Breast, n (%) 15 (20.8) 13 (21.3) 1(25.0) 2 (18.2) 0.457
Microvascular flap type

ALT, (%) 32 (44.4) 27 (44.3) 2 (50) 5(45.5) 0.828

Fibular flap, (%) 9 (12.5) 8 (13.1) 1(25) 1(9.1) 0.478

DIEP, n (%) 9 (12.5) 7 (11.5) — 2 (18.2) 0.528

Radial artery flap, n (%) 6 (8.3) 6(9.8) — - -

Other, n (%) 16 (22.2) 13 (21.3) 1(25) 3(27.3) 0.413
Indication for surgery

Trauma, n (%) 8 (11.1) 6 (10.1) - 19.1) 0.918

Oncology, n (%) 40 (55.6) 32 (58.2) 3 (75.0) 6 (54.5) 0.469

Defect, n (%) 19 (26.4) 11 (20.0) 1 (25.0) 4 (36.4) 0.511

Infection, n (%) 5(6.9) 5(8.2) — — —
Comorbidities

Coronary artery disease, n (%) 4 (5.6) 3(4.9 1 (25.0) 1(9.1) 0.059

Diabetes mellitus, n (%) 5(6.9) 4 (6.6) — 1(9.1) 0.691

Hypertension, n (%) 28 (38.8) 19 (31.1) 3 (75.0) 6 (54.5) 0.133

Dyslipidaemia, n (%) 16 (22.2) 13 (21.3) 1 (25.0) 3(27.3) 0.624

Smoking history, n (%) 13 (18.1) 11 (18.0) 1 (25.0) 2(18.2) 0.249

r?'({?/:)“y (BMI>30kg/m2), | 15 166y | 8(13.1) | 2(50.0) 5455 | 0.010*

Cerebrovascular accident,

n (%) 4 (5.6) 4 (6.6) - - 0.620

* Data is presented as mean (CI95) or count (percentage); BMI — Body mass index; ENT — Ear nose and throat
surgery; DIEP — Deep Inferior Epigastric Artery Perforator flap; ALT — Anterolateral thigh flap.
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2.2.2 Assignment of CONUT score

The serum albumin concentration, total peripheral lymphocyte count, and serum total
cholesterol concentration were used to assign the CONUT score. As seen in Table 2.2,
the CONUT score was determined by assigning laboratory values according to the tool first
used by Ignacio de Ulibarri and co-authors (Ulibarri et al., 2005). The CONUT score tool is

summarised in Table 2.2.

Table 2.2
Evaluation of CONUT score tool as first described by Ignacio de Ulibarri and co-authors
. Undernutrition degree

Variable Normal Mild Moderate Severe
Serum albumin (g/dL) >3.50 3.00-3.49 2.50-2.99 <2.50
Score 0 2 4 6
Total lymphocyte count > 1600 1200-1599 | 800-1199 <800
(count/mm3)
Score 0 1 2 3
Total cholesterol (mg/dL) >180 140-179 100-139 <100
Score 0 1 2 3

2.3 Second prospective study of the second part. Evaluating FAR for predicting
microvascular flap complications in reconstructive surgery

The study is described in the manuscript “Rocans, R. P., Zarins J., Bine, E., Mahauri, I.,
Deksnis, R., Citovica, M., Donina, S., Vanags, 1., Mamaja, B. (2025) Fibrinogen-to-albumin
ratio (FAR) for predicting microvascular flap complications in reconstructive surgery, JPRAS

Open, 44, 414-423, https://doi.org/10.1016/j.jpra.2025.03.022.”.

2.3.1 Patient characteristics

This prospective cohort study included 130 patients from 1 October 2021 to 31 January
2024. The exclusion criteria were liver failure, kidney failure, disseminated tumor metastasis;
preoperative neoadjuvant treatment (radiotherapy and chemotherapy); multiple concomitant
malignancies; sepsis or severe systemic bacterial infection; autoimmune disorders; blood-borne
viral infections (Hepatitis B, Hepatitis C, and HIV); pregnant patients and lactating women; or
patients with congenital coagulation disorder. The patient characteristics data are summarised

in Table 2.3.
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Patient characteristics

Table 2.3

Overall No True Any flap
Patient group _ complications | flap loss complications| p-value
n=130 — - _
n =107 n=7 n=23

Demographical data

Mean age, years 56.5 57.1 50.1 50.6 0.123

’ (53.9-59.1) | (54.4-59.8) | (45.9-55.5) | (47.7-53.1) )

Women, n (%) 61 (46.9) 54 (50.5) 2 (28.6) 8 (34.7) 0.109
Area of reconstruction

Extremity, n (%) 28 (21.5) 20 (18.7) 2 (28.6) 8 (34.8) 0.217

ENT, n (%) 59 (45.4) 50 (46.7) 3 (42.9) 9(39.1) 0.795

Head and Neck, n (%) 24 (18.5) 21 (19.6) 1(14.3) 3(13.0) 0.731

Breast, n (%) 19 (14.6) 16 (15.0) 1(14.3) 3(13.0) 0.972
Microvascular flap type

ALT, (%) 61 (46.9) 55(514) 2 (28.6) 6 (26.1) 0.055

Fibular flap, (%) 12 (9.2) 8 (7.5) 2 (28.6) 4(17.4) 0.093

DIEP, n (%) 15 (11.5) 13 (12.2) - 2 (8.7) 0.639

Radial artery flap, n (%) 9(6.9 984 — - —

Other, n (%) 33 (25.4) 22 (20.6) 3 (42.9) 11 (47.8) 0.015%*
Indication for surgery

Trauma, n (%) 10 (7.7) 8 (7.5) - 2 (8.7) 0.843

Oncology, n (%) 84 (64.6) 72 (67.3) 4 (57.1) 12 (52.2) 0.360

Defect, n (%) 23 (17.7) 18 (16.8) 3 (42.9) 5217 0.220

Infection, n (%) 13 (10.0) 9 (8.4) — 4(17.4) 0.195
Comorbidities

Coronary artery disease, n (%) 9(6.9) 7(6.5) 1(14.3) 2(8.7) 0.872

Diabetes mellitus, n (%) 8(6.2) 6 (5.6) — 2 (8.7) 0.578

Hypertension, n (%) 35(26.9) 27 (25.2) 3 (42.8) 8 (34.7) 0.427

Dyslipidaemia, n (%) 20 (15.4) 14 (13.1) 1(14.3) 6 (26.1) 0.624

Smoking history, n (%) 18 (13.8.1) 14 (13.1) 1(14.3) 4(17.4) 0.863

r?t(’;:)“y (BMI =30 kg/m2) 15 (11.5) 9 (8.4) 2 (28.6) 6(26.1) | 0.028*

Cerebrovascular accident,

n (%) 6 (4.6) 6 (5.6) - - -

* Data is presented as mean (CI95) or count (percentage); Abbreviations — BMI (Body mass index); ENT
(Ear nose and throat surgery); DIEP (Deep Inferior Epigastric Artery Perforator flap); ALT (Anterolateral thigh flap).

2.3.2

Assignment of FAR

FAR was defined as the proportion of the plasma fibrinogen (g/l) to the plasma

albumin level (g/1).

24 Third prospective study of the second part. vWF:Ag, biomarkers of
inflammation, and microvascular flap thrombosis in reconstructive surgery

The study is described in the manuscript “Rocans, R. P., Zarins, J., Bine, E., Mahauri,

I., Deksnis, R., Citovica, M., Donina, S., Vanags, ., Gravelsina, S., Vilmane, A.,
Rasa-Dzelzkaleja, S., & Mamaja, B. (2024). Von Willebrand Factor Antigen, Biomarkers of
Inflammation, and Microvascular Flap Thrombosis in Reconstructive Surgery. Journal of

Clinical Medicine, 13(18), 5411. https://doi.org/10.3390/jcm13185411".

22


https://doi.org/10.3390/jcm13185411

2.4.1 Patient characteristics

This study included 88 patients undergoing elective microvascular flap transplantation
surgery from the 1 October 2021 to the 31 March 2024. The study excluded patients with severe
chronic liver or kidney diseases, with cardiovascular and autoimmune diseases, patients with
pre-existing coagulopathies or any clotting and bleeding disorders, patients with inherited or
acquired von Willebrand disease, patients receiving hormonal contraception or oestrogen therapy,
patients after recent thrombotic or thromboembolic events, patients currently taking anticoagulants
or antiplatelet agents, patients with active systemic infections or inflammatory conditions, pregnant

patients and patients during the lactation period. The patients’ data is summarised in Table 2.4.

Table 2.4
Patient characteristics
. Overall 1\.10 . An)ﬁ ﬂaP
Patient group _ complications complications p-value
n =88
n = 64 n =24

Demographic data

Mean age, years 57.9 (54.8-61.0) | 57.1(54.4-59.8) 50.6 (47.7-53.1) 0.204

Women, n (%) 45 (51.1) 31 (48.4) 10 (41.67) 0.271
Location

Extremity, n (%) 18 (20.5) 12 (18.8) 6 (25.0) 0.603

ENT, n (%) 40 (45.5) 30 (46.9) 10 (41.7) 0.787

Head and Neck, n (%) 17 (19.3) 12 (18.8) 5(20.8) 0.857

Breast, n (%) 13 (14.8) 10 (15.6) 3 (12.5) 0.750
Flap type

ALT, (%) 40 (45.5) 33 (51.6) 7(29.2) 0.232

Fibular flap, (%) 9(10.2) 5.8 4 (16.7) 0.279

DIEP, n (%) 10 (11.4) 8 (12.5) 2(8.3) 0.622

Radial artery flap, n (%) 7 (8.0) 5.8 2(8.3) 0.941

Other, n (%) 22 (25.0) 13 (20.3) 9 (37.5) 0.212
Indication

Trauma, n (%) 9(10.2) 7(10.9) 2(8.3) 0.106

Oncology, n (%) 55 (62.5) 42 (47.7) 13 (54.2) 0.629

Defect, n (%) 16 (18.2) 10 (11.4) 6 (25.0) 0.406

* Data is presented as mean (CI95) or count (percentage); ENT — Ear nose and throat surgery; DIEP — Deep Inferior
Epigastric Artery Perforator flap; ALT — Anterolateral thigh flap.

Additional definitions were used: trauma patients who underwent surgery within

30 days from injury were defined as early surgery, and patients who underwent surgery later

than 30 days from injury were defined as late surgery. The patient’s ABO blood group was

determined from medical records reviewed during preoperative evaluation.

2.4.2 vWF:Ag ELISA analysis
All blood samples for vWF:Ag analysis were stored within 6 h from blood draw. Prior

to storage, blood samples for vVWF:Ag analysis (collected in citrate tubes) were spun at 3500%/g

for 10 min. Plasma samples were then stored at —80 °C until analysis. vVWF:Ag analysis was
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performed after a single thaw using the human von Willebrand factor ELISA kit according to
the manufacturer’s protocol from Abcam (Cambridge, United Kingdom). All reagents, working
standards, and samples were prepared as directed in the product protocol datasheet. The assay
was performed at room temperature (20-25 °C) according to the manufacturer’s protocol.
The absorbance was read on a Varioskan Lux microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA) at a wavelength of 450 nm immediately after the stop solution was added.

The obtained readings were grouped for further statistical analysis.

2.5  Fourth prospective study of the second part. Early postoperative increase in
TGF-B1 predicts microvascular flap loss in reconstructive surgery

The study is described in the manuscript “Rocans, R. P., Zarins, J., Bine, E., Mahauri,
I., Deksnis, R., Citovica, M., Donina, S., Gravelsina, S., Vilmane, A., Rasa-Dzelzkaleja, S.,
Sabelnikovs, O., & Mamaja, B. (2025). Early Postoperative Increase in Transforming Growth
Factor Beta-1 Predicts Microvascular Flap Loss in Reconstructive Surgery: A Prospective

Cohort Study. Medicina, 61(5), 863. https://doi.org/10.3390/medicina61050863”.

2.5.1 Patient characteristics

This prospective observational cohort study included 173 individuals who underwent
elective reconstructive microvascular flap surgery from 1 October 2022 to 31 March 2024.
All patients who had true flap loss or secondary flap complications (n = 22) were included in
the complications group. To ensure optimal internal validity and comparability between cases
over the study period, simple randomisation was used to select an equal number of patients
without complications (n =22) from the overall cohort (Dettori et al., 2019; Mann, 2012).
This created a 44-patient cohort to match the available sample count for laboratory analysis.

To avoid confounding factors, patients with coagulation abnormalities, history of
smoking, recent blood clotting, or thromboembolic complications, along with patients taking
hormonal contraceptives or oestrogen therapy, were excluded, as these patient groups have been
associated with flap thrombosis. Patients on anticoagulants or antiplatelet medications were
excluded from the study to avoid confounders related to flap bleeding. Patients with active
systemic infections, or autoimmune disorders were excluded, as these patient groups may have
abnormal TGF-B1 levels (Deng et al., 2024). Pregnant patients, lactating patients were also

excluded. The patient characteristics data is summarised in Table 2.5.
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Patient characteristics

Table 2.5

. Overall Complication Control group
Patient group _ group _ p-value
n=44 — n=22
n=22
Demographic data
Mean age, years 57.9 (54.8-61.0) | 59.5(53.5-65.4) | 54.4 (46.7-62.1) 0.389
Women, n (%) 20 (45.5) 10 (45.5) 10 (45.5) —
Location of Reconstruction
Extremity, n (%) 6 (13.6) 4(18.2) 2(9.1) 0.248
ENT, n (%) 26 (59.1) 14 (63.6) 12 (54.5) 0.539
Head and Neck, n (%) 6 (13.6) 2(9.1) 4 (18.2) 0.248
Breast, n (%) 6 (13.6) 2(9.1) 4 (18.2) 0.248
Flap type
ALT, (%) 25 (56.8) 12 (54.5) 13 (59.1) 0.773
Fibular flap, (%) 5(11.4) 3 (13.6) 2(9.1) 0.635
DIEP, n (%) 5(11.4) 1 (4.5) 4 (18.2) 0.154
Other, n (%) 9 (20.5) 6(27.3) 3(13.6) 0.262
Indication
Trauma, n (%) 5(11.4) 2(9.1) 3 (13.6) 0.635
Oncology, n (%) 32 (72.7) 14 (63.6) 18 (81.8) 0.517
Defect, n (%) 7 (15.9) 6(27.3) 1 (4.5 0.099

* Data is presented as mean (CI95) or count (percentage); ENT — Ear nose and throat surgery; DIEP — Deep Inferior
Epigastric Artery Perforator flap; ALT — Anterolateral thigh flap.
2.5.2 TGF-p1 ELISA analysis

All blood samples designated for TGF-B1 evaluation were frozen within 6 h after
collection. Before storage, blood samples for TGF-B1 analysis were centrifuged at 3500% g for
10 min. All samples were centrifuged within 2 h after collection. Sample handling was
conducted with meticulous care, and light or heat exposure was strictly avoided. The serum
samples were preserved at a consistent temperature of —80 °C in screw-cap tubes appropriate
for long-term storage. TGF-B1 evaluation was conducted following a single thaw cycle with
the TGF-B1 ELISA kit, according to the manufacturer’s protocol (Merck, Darmstadt,
Germany). All reagents, calibration standards, and samples were prepared following
the instructions outlined in the product’s protocol guide. The assay was conducted at ambient
temperature (20-25 °C), in accordance with the manufacturer’s protocol. The absorbance
reading was performed on a Varioskan Lux microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA) at 450 nm, immediately after the stop solution was added. The acquired

measurements were collected for subsequent statistical analysis.
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3 Statistical analysis

SPSS Statistics for Windows, Version 26.0. (IBM Corp. Armonk, NY, USA) was used
to perform statistical analysis for the second study of the prospective part. GraphPad Prism
version 5.03 (GraphPad Software Inc., California, USA) and SPSS Statistics for Windows,
Version 26.0. (IBM Corp. Armonk, NY, USA) were used to perform statistical analysis for
the third, fourth and fifth study of the prospective part. GraphPad Prism version 5.03 (GraphPad
Software Inc., California, USA) was used to create graphic visualisations for the third, fourth
and fifth study of the prospective part. The distribution of all variables was assessed for
normality through visual examination of the Quantile-Quantile plot. Data conformity to
a normal distribution was also evaluated using the Kolmogorov-Smirnov test. Analysis of
nominal variable datasets was performed using the Chi-square test. Pearson correlation was
applied to assess the relationship between parametric datasets. Spearman’s Rho was used to
evaluate non-parametric correlations. Variations in data distribution between the groups were
analysed using the Mann-Whitney U test for non-parametric data. Independent t-test was used
to compare the means of two independent groups conforming to normal distribution. Continuous
variables following a normal distribution were presented as the mean with a 95 % confidence
interval (CI95). Non-parametric variables were presented as the median and interquartile ratio

(IQR). Statistical significance was defined as a two-tailed p-value less than 0.05.

3.1  First prospective study of the second part

Youden’s Index (YI) and the Concordance Probability Method (CZ) were used for
defining optimal CONUT cut-off values (Hassanzad et al., 2024; Unal, 2017). Binary logistic
regression models were used to obtain odds ratios at specific CONUT cut-off points.
The receiver operator curve (ROC) and area under curve (AUC) were used for evaluating

the diagnostic ability of the binary classifier system.

3.2 Second prospective study of the second part

The patients were grouped in smaller cohorts according to their FAR level. The patients
in each complication group were divided in quartiles according to their FAR levels (FAR < 0.6;
FAR 0.6-0.8; FAR 0.8-1.0; FAR > 1.0). Binary logistic regression models were used to obtain
odds ratios of complications with the three selected FAR cut-off levels. The models were

adjusted for lymphocyte count and the presence of other flap types.
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33 Third prospective study of the second part

Data sets for IL-6, CRP, fibrinogen, and neutrophil-to-lymphocyte ratio (NLR) were
divided into four quartiles. The data distribution differences in vWF:Ag were further compared
between quartiles using the Kruskal-Wallis H test. After obtaining the results of ROC analysis,
YI and CZ were used to define optimal cut-off values for vVWF:Ag concentration (Hassanzad
et al., 2024; Unal, 2017). Binary logistic regression models were used to obtain odds ratios for

specific variables. The models were adjusted for fibrinogen and the presence of other flap types.

3.4  Fourth prospective study of the second part

The datasets for CRP, fibrinogen, haemoglobin, and haematocrit were divided into
quartiles. The interquartile differences in mean TGF-1 concentrations were further compared
using the analysis of variance (ANOVA) test. TGF-B1 concentrations were log transformed to
reduce the effects of data skewness and permit the use of parametric tests (Olivier et al., 2008).
ANOVA test comparisons were also performed for postoperative changes in the logl0
transformations of TGF-B1 in different surgical outcome groups. Diagnostic performance was
evaluated based on the ROC curve and the AUC of the loglO-transformed postoperative
TGF-B1 change. Cut-off values were determined using the CZ method (Hassanzad et al., 2024;
Unal, 2017). Odds ratios (OR) for flap complications were calculated using binary logistic

regression. The models were adjusted for age, sex, and preoperative plasma fibrinogen.
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4 Results

4.1  First prospective study of the second part. CONUT score for predicting

microvascular flap complications in reconstructive surgery

A total of 72 patients were included in the study, consisting of 40 men (55.6 %) and
32 women (44.4 %). The mean age was 55.3 years (95 % CI95 51.5-59.1). The overall
complication rate was 15.2 % (n=11). True flap loss with vascular compromise occurred in
5.6 % (n=4), with two of these cases being late flap loss (> 72 h). In both instances of early
true flap loss, urgent revision of the anastomosis was performed. The two cases of late flap loss
were managed with repeated elective microvascular flap transplantation. Additional
flap-related complications were observed in seven cases, including difficult healing or partial
flap loss in 5.6 % of patients (n =4), one case of flap infection, and two cases involving
haematoma formation. The median number of revisions in patients with true flap loss was
1.5 (IQR 1). The median number of revisions in patients with other flap complications was
1 IQR 0.75, p=0.223).

There were no significant differences in age or gender distribution in patients with any
flap complications or flap loss, and in patients without complications. No significant differences
in true flap failure or other flap complications were found between different areas of
reconstruction and different anatomical flap types. No significant differences in true flap failure
or other flap complications were found between different indications for reconstruction.
Of the included comorbidities, obesity was found to be more common in patients with any flap
complications (p =0.01). Only two patients had a BMI < 20 kg/m2, and there was no
statistically significant link between decreased BMI and any flap complications. No statistically
significant link was found between BMI and CONUT score. No significant differences in
the rates of true flap failure or other flap complications were found in patients with other

comorbidities. Flap complication rates by comorbidity type are summarised in Table 4.1.

Table 4.1
Flap Complication Rates by Comorbidity Type
. Overall 1\.10 . True flap An}f ﬂap
Patient group _ complications loss complications| p-value
n=72
n =61 n=4 n=11

Coronary artery disease, n (%) 4 (5.6) 3(4.9 1 (25.0) 1(9.1) 0.059
Diabetes mellitus, n (%) 5(6.9) 4 (6.6) — 1(9.1) 0.691
Hypertension, n (%) 28 (38.8) 19 (31.1) 3 (75.0) 6 (54.5) 0.133
Dyslipidaemia, n (%) 16 (22.2) 13 (21.3) 1 (25.0) 3(27.3) 0.624
Smoking history, n (%) 13 (18.1) 11 (18.0) 1 (25.0) 2 (18.2) 0.249
Obesity (BMI > 30 kg/m2),n (%)| 12 (16.6) 8 (13.1) 2 (50.0) 5(45.5) 0.010%*
Cerebrovascular accident, n (%) 4 (5.6) 4 (6.6) — - 0.620

* Data is presented as count (percentage); BMI — Body mass index.
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No significant links were found between the duration of surgery and anaesthesia factors
and any flap complications. A higher intraoperative haematocrit was associated with flap
complications, with the highest intraoperative haematocrit found in cases with subsequent true
flap loss (p =0.009). Only one patient received intraoperative haemotransfusion, and five
patients received haemotransfusion in the early postoperative period. There was no significant
link between the presence of haemotransfusions and any flap complications. Intraoperative and

anaesthesia considerations for the patient cohorts are summarised in Table 4.2.

Table 4.2
Intraoperative and anaesthesia considerations
. Overall 1\.10 . True An): ﬂap
Patient group _ complications flap loss complications |p-value
n="72
n =61 n=4 n=11
Surgery 6.39 6.33 7.63 6.66 0235
duration, hours (5.75-7.02) (5.59-7.07) (5.869.39) (5.29-8.04) '
i‘g;gﬁzriztwe 234583 235250 2875.00 231250 0.145
(2141.39-2550.28) | (2133.31-2571.69) | (1681.58-4068.42) | (1608.14-3016.86)
volume, ml
Intraoperative 506.25 482.50 500.00 625.00 0471
colloid volume, ml | (401.74-610.76) | (367.10-597.90) ) (329.42-920.58) '
Intraoperative
colloid-to- 0 1(;% 27) © 1%28 25) 0 1(())1? 27) © o%ig) s6) | 0306
crystalloid ratio ) ’ ) ) ) ’ ) )
Intraoperative 30.60 29.58 31.50 34.40 0.009%
haematocrit, % (29.20-32.00) (27.70-31.45) (25.15-37.85) (30.32-38.48) '
Vasopressors/
sympathomimetics 41 (56.90) 36 (59.00) 2 (50.00) 6 (54.50) 0.549
used, n (%)

* Data is presented as mean (CI95) or count (percentage).

Patients with any flap complications had a significantly lower plasma lymphocyte count
(p=0.001). Multivariate regression analysis revealed that an increase in lymphocyte count
decreases the incidence of all complications (OR 0.998 CI95 0.996—0.999). Patients with any
flap complications had a significantly lower plasma monocyte count (p = 0.021). No differences
in plasma lymphocyte/monocyte ratio, plasma albumin, and total plasma cholesterol were found
in patients with any flap complications. Results for biomarkers and nutritional systems for

predicting flap complications are summarised in Table 4.3.
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Biomarkers and nutritional systems for predicting any flap complications

Table 4.3

No Any flap
. Overall s .
Patient group _ complications complications p-value
n="72 _ -
n=061 n=11
Biomarkers
Lymphocyte count 10%L| 1.59 (1.39-1.79) 1.71 (1.49-1.92) 0.97 (0.67-1.26) | 0.001*
Monocyte count 10°/L 0.55 (0.48-0.62) 0.58 (0.51-0.66) 0.37 (0.22-0.51) | 0.021*
fa’{ﬁ)lphocyte/ MONOCYLE | 3 46 (2.91-4.02) | 3.55(2.90-4.20) | 2.97 (2.28-3.65) | 0.830
g/[gfn plasma albumin, |3 o4 301 406) | 3.96(3.84-4.09) | 3.79(328-430) | 0.631
Mean total plasma 196.58 198.44 186.73 0310
cholesterol, mg/dl (185.21-207.95) (186.43-210.45) (147.93-225.53) )
Nutritional assessment systems
CONUT score (%) 2(2) 2(3) 3(6) 0.013*
CONUT score < 2 (%) 50 (69.4) 46 (75.4) 4 (36.4) 0.009*

* Data is presented as mean (CI95) or count (percentage); CONUT — Controlling nutritional status.

The analysis on the predictive accuracy of CONUT score of other surgical complications

found that CONUT score had an AUC of 0.813 (0.659-0.967, p = 0.012) (Figure 4.1).
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Figure 4.1. ROC curve characteristics of CONUT score for
predicting complications in microvascular flap surgery

A CONUT score of > 2 was found to be optimal during cut-off analysis (sensitivity

21.1 %, specificity 95.6 %, positive predictive value 66.7 %, negative predictive value 74.1 %,

p = 0.022). The CONUT score of > 2 increases the odds of other flap complications (OR 5.4,

CI95 1.38-20.90, p = 0.015). Univariate regression revealed that any increase in CONUT score

increased the odds of other flap complications (OR 1.43, 1.09-1.85). Patients with any flap
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complications had a longer duration of hospitalisation (13.55, 10.99-16.11 vs. 25.38,
14.82-35.93; p = 0.004). There was no difference in duration of ICU stay between patients with
flap complications and patients with no flap complications (1.13, 0.03-2.26 vs. 1.50, 1.00-2.00,
p=10.471).

4.2 Second prospective study of the second part. Evaluating FAR for predicting
microvascular flap complications in reconstructive surgery

In total, 130 patients were included in the study, consisting of 69 men (53.1 %) and
61 women (46.9 %). The mean age was 56.5 years (CI95 53.9-59.1). The overall complication
rate was 17.7 % (n = 23). True flap loss with vascular compromise occurred in 5.4 % (n=7)
with 3 of these cases being late flap loss (> 72 h). All 4 cases of early true flap loss underwent
urgent anastomosis revision. Two cases of late flap loss underwent repeated microvascular flap
transplantation, and 1 case underwent necrectomy and reconstruction with a regional flap. Other
flap complications occurred in 16 cases (12.3 %), with flap haematoma occurring in 5 cases.

No significant differences in age or gender distribution were noted in patients with any
flap complications and in patients without complications. No significant differences in the rates
of true flap failure or any flap complications were found between different areas of
reconstruction. Multiple logistic regression analysis revealed that using other flap types
increased the odds of any flap complications (OR 5.23, 1.86-14.70, p = 0.002). No significant
differences in true flap failure or any flap complications were found between different
indications for reconstruction. Among the included comorbidities, obesity was found to be
common in patients with any flap complications (p =0.028). Results on comorbidities and

intraoperative considerations are summarised in Table 4.4.

Table 4.4
Comorbidities and Intraoperative Considerations
No True flap Any flap
. Overall c . e
Patient group _ complications loss complications| p-value
n=130 _ — -
n =107 n=7 n=23
Comorbidities
Coronary artery disease, n (%) 9(6.9) 7(6.5) 1(14.3) 2(8.7) 0.872
Diabetes mellitus, n (%) 8(6.2) 6 (5.6) — 2 (8.7) 0.578
Hypertension, n (%) 35(26.9) 27 (25.2) 3 (42.8) 8 (34.7) 0.427
Dyslipidaemia, n (%) 20 (15.4) 14 (13.1) 1(14.3) 6 (26.1) 0.624
Smoking history, n (%) 18 (13.8.1) 14 (13.1) 1(14.3) 4(17.4) 0.863
Obesity (BMI>30 kg/m2),n (%) 15 (11.5) 9(8.4) 2 (28.6) 6 (26.1) 0.028*
Cerebrovascular accident, n (%) 6 (4.6) 6 (5.6) — — —
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Table 4.4 continued

No True Any flap
. Overall . L. s
Patient group _ complications flap loss complications |p-value
n =130
n =107 n=7 n=23
Anaesthesia and Surgical factors
Surgery 6.25 6.35 7.25 5.79 0.324
duration, hours (5.74-6.76) (5.76-6.94) (6.11-8.39) (4.67-6.91) )
Intraoperative 234697 2340.74 2875.00 2375.00 0.845
crystalloid volume, ml |(2190.41-2450.00)[(2167.75-2513.74)|(1681.58-4068.42)((1943.96-2086.04)|
Intraoperative colloid 507.58 481.48 625.00
volume, ml (426.18-588.77)((390.71-572.25) 300.00 () (427.53-822.46) 0.564
Intraoperative 0.22 0.20 0.22 0.30
I‘f;’tlifld'“"crysmumd (0.18-026) | (0.16-024) | (0.12-032) | (0.15-0.44) | 2364
Intraoperative 30.94 31.02 33.00 30.55 0.032*
haematocrit, % (29.69-32.20) | (29.66-32.38) | (29.33-36.67) | (26.58-34.538) |
Vasopressors/
sympathomi-metics 67 (51.54) 51 (47.66) 5(71.43) 16 (69.56) 0.095
used, n (%)

* Data is presented as mean (CI95) or count (percentage); Abbreviations — BMI (Body Mass Index).

Higher intraoperative haematocrit was associated with flap complications, with
the highest intraoperative haematocrit found in cases with subsequent true flap loss (p = 0.032;
Table 4.4). No significant links were found between other perioperative factors and the rate of
flap complications. Patients with any flap complications had a longer duration of hospitalisation
(13.72,11.79-16.15 vs. 23.83, 16.92-30.75, p = 0.001). There was no difference in the duration
of ICU stay between patients with any flap complications and patients with no flap
complications (1.17, 0.23-2.10 vs. 1.46, 0.96-1.96, p = 0.537). FAR was positively correlated
with the duration of hospitalisation (r = 0.422, p < 0.001).

Patients with any flap complications had a significantly lower plasma lymphocyte count
(p=0.001) and significantly lower mean plasma albumin (p =0.045). Multiple logistic
regression analysis revealed that increased lymphocyte count decreases the odds of any flap
complications (OR 0.39, 0.17-0.92, p=0.031). Upon further analysis of the specific
complication groups, patients with flap haematoma or flap loss had a lower mean fibrinogen
than patients with no complications (2.75, 1.84-3.67 vs. 3.44, 3.25-3.64, p = 0.014). Patients
with minor flap complications had significantly higher plasma fibrinogen than patients with no
flap complications (4.19, 3.41-4.98 vs. 3.44, 3.25-3.64, p = 0.043). Patients with minor flap
complications had lower mean albumin levels than patients with no complications (33.30,
30.18-36.42 vs. 39.34, 38.12-39.69, p <0.001). No difference in plasma albumin level was
found between patients with flap haematoma or flap loss and patients with no complications
(p = 0.394). Increased FAR was specifically linked to minor flap complications when compared

to patients with no flap complications (0.12, 0.09-0.15 vs. 0.09, 0.08-0.10, p =0.002).
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Decreased FAR was specifically linked to flap loss or flap haematoma when compared to

patients with no flap complications (0.07, 0.04—0.09 vs. 0.09, 0.08—0.10, p = 0.046). Results on

the biomarkers for predicting flap complications are summarised in Table 4.5.

Table 4.5
Laboratory values for predicting flap complications
Overall No True Any flap
Patient group _ complications flap loss complications | p-value
n =130
n =107 n="7 n=23

Leukocyte 6.31 6.42 6.16 5.77 0.379
count 10°/L (5.89-6.73) (5.94-6.91) (2.64-9.70) (4.99-6.55) '
Lymphocyte 1.65 1.71 1.56 1.36 0.018*
count 10%/L (1.52-1.77) (1.58-1.84) (0.43-2.71) (1.08-1.63) )
Red blood cell 4.08 4.08 4.24 4.10 0.717
count 10°/L (3.974.19) (3.96-4.19) (3.35-5.12) (3.774.43) '
Platelet count 244.97 244.00 202.00 249.52 0.770
10°/L (230.81-259.14) | (228.21-259.79) | (148.94-255.05) | (214.99-284.04) '
Haemoglobin 12.31 12.31 13.06 12.30 0.632
g/dl (11.99-12.64) | (11.97-12.66) | (10.44-15.68) | (11.34-13.27) '
Mean plasma 38.90 39.34 41.16 36.91 0.045%
albumin, g/l (38.12-39.69) | (38.54-40.14) | (34.67-47.65) | (34.50-39.32) )
Mean plasma 3.47 3.44 2.66 3.58 0.892
fibrinogen, g/l (3.27-3.66) (3.25-3.64) (1.65-3.68) (2.984.18) '
Fibrinogen-to- 0.09 0.09 0.09 0.11 0.016*
albumin ratio (0.08-0.10) (0.08-0.10) (0.05-0.13) (0.09-0.14) )

* Data is presented as mean (CI95).

Logistic regression analysis revealed that patients with FAR<0.08 and FAR<0.06 had
increased odds of flap haematoma or flap loss (OR 3.68, 1.04—13.03, p =0.044 and 6.01,
1.71-21.08, p = 0.005). Patients with FAR > 0.08 had decreased odds of flap haematoma and
flap loss (OR 0.22, 0.08-0.96, p = 0.044). Patients with FAR > 0.10 had increased odds of minor
flap complications (OR 5.47, 1.33-22.50, p = 0.019). The results on the association between FAR

and flap complication groups at various cut-off levels are summarised in Figure 4.2.

Endpoint Parameter OR CI95 P value }
Flap hematoma or .
FAR<0.06 6.01 171-21.08  0.005 o} 'y i
flap loss .
FAR<0.08 3.68  1.04-13.03  0.044 i & |
FAR>0.08 0.22  0.08-0.96 0.044 @4
FAR>0.10 0.64 0.16-2.51 0521 H—
Mi fl e
v ot FAR<0.06 048 006404 0502 Hp——
complications A
FAR<0.08 0.16  0.02-1.30 0225 @
FAR>0.08 269 054-1327 0225 l-—C 1
.I J
FAR>0.10 547 1332250  0.019 :k & 1
rmrrririri 1 L} ] 1 1 1 1
01234586 8 10 12 14 16 18 20 22
Odds ratio

Figure 4.2. Association between the fibrinogen-to-albumin ratio (FAR) and
flap complication groups at various cut-off levels
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After adjustment for lymphocyte count and the presence of other flap types, multiple
logistic regression analysis revealed that patients with FAR < 0.06 had increased odds of any
flap complications (OR 4.71, 1.27-18.03, p=0.021). Patients with FAR > 0.10 also had
increased odds of any flap complications (OR 3.09, 1.08-8.81, p =0.035). These results on

the U-shaped association between FAR and any flap complications are summarised in Figure 4.3.

Endpoint Parameter OR CI95 P value

L ]

Any flap complication FAR<0.06 4.71 1.27-18.03  0.021 N,

FAR<0.08 0.69 0.27-1.78 0.449 |'.:—|

FAR>0.08 1.3¢  0.56-3.68 0549 Fe—

FAR>0.10 3.09 1.08-8.81 0.035 ! =

I i | L LB T 1 L) 1 L] 1 1
0123456 8 10 12 14 16 18 20
Odds ratio

Figure 4.3. U-shaped association between fibrinogen-to-albumin ratio (FAR) and
flap complications

4.3  Third prospective study of the second part. Von Willebrand factor
antigen, biomarkers of inflammation, and microvascular flap thrombosis
in reconstructive surgery

In total, 88 patients were included, 43 (48.9 %) men and 45 (51.1 %) women. The mean
age was 57.9 years (95 % CI95 54.8-61.0). The overall rate of complication was 27.3 %
(n = 24). True flap loss with vascular compromise occurred in 11.4 % (n = 10), with 4 of these
cases being late flap loss (> 72 h). Minor flap complications occurred in 10 cases (11.4 %), and
flap haematoma occurred in 4 (4.5 %) cases. All the cases of early true flap loss underwent
urgent anastomosis revision. Three cases of late flap loss underwent repeated microvascular
flap surgery, and one case underwent necrectomy and reconstruction with a rotated local flap.
One patient received intraoperative haemotransfusion, while three patients received
haemotransfusion during the early postoperative period. There was no significant relationship
between the presence of haemotransfusion and vWF:Ag levels. The patient blood type and

laboratory values for predicting flap complications are summarised in Table 4.6.
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Patient blood type and laboratory values for predicting flap complications

Table 4.6

No Any flap
. Overall . . . .
Patient group _ complications complications p-value
n = 88 _ _
n = 64 n=24
Blood type
Bloodtype,O,n(%) | 35(39.8) |  26(40.6) | 9 (37.5) | 0.539
Laboratory values
Leukocyte count 10%L | 6.24 (5.76-6.73) | 6.16 (5.56-6.75) | 6.50 (5.62-7.38) 0.309
%gg/“}f’hocyte count 1.74 (1.53-1.94) | 1.83 (1.58-2.09) 1.41 (1.14-1.68) 0.020
Neutrophil count 10%L | 3.66 (3.23-4.09) | 3.54 (3.02-4.07) | 4.06 (3.28-4.84) 0.109
NLR 2.57 (2.11-3.02) | 2.32(1.85-2.80) 3.4 (2.16-4.64) 0.006
Monocyte count 10%L | 0.56 (0.51-0.61) | 0.56(0.50-0.61) | 0.56 (0.46-0.66) 0.839
}fggflo"d cellcount | 18 (3.97-4.19) | 4.18 (4.03-4.32) | 4.27 (4.06-4.49) 0.625
246.75 232.98 288.37
9
Platelet count 10VL | 55955 6404y | (216.00-249.96) | (238.35-338.40) | 02!
. 12.58 12.45 12.86
Haemoglobin g/dLL (1222-12.94) | (12.03-12.87) (12.13-13.61) 0.208
Mean total plasma 64.72 64.84 64.08 0.543
protein g/L (63.40-66.05) (63.27-66.40) (61.32-66.83) '
Mean plasma albumin, 38.90 39.21 36.58 0.049
g/L (38.12-39.69) (38.25-40.16) (34.33-38.84) '
Mean plasma bilirubin, 0.47 0.48 0.43 0.447
mg/dl (0.42-0.53) (0.41-0.55) (0.31-0.55) '
Mean albumin- —2.78 —2.80 —2.77 0.551
bilirubin score (—2.87--2.69) | (-3.02—-2.56) (—2.87--2.67) '
CRP, mg/L 7.10 (4.67-9.54) | 6.76 (3.67-9.86) | 7.93 (4.32-11.54) | 0.058
Mean plasma 3.59 3.52 3.82 0.505
fibrinogen, g/L (3.35-3.84) (3.24-3.81) (3.30-4.35) '
. 13.9 13.03 13.73
Interleukin-6, pg/mL (10.09-16.29) (9.33-16.7) (7.26-20.20) 0.893
. 129.61 120.44 157.59
VWE:Ag, IU/L (111.93-147.27) | (99.43-141.36) (123.62-191.61) 0.014

* Data is presented as mean (CI95) or count (percentage); Abbreviations — NLR (Neutrophil to Lymphocyte ratio);
CRP (C reactive protein); vWF (von Willebrand factor).

Trauma was the indication for surgery in nine patients, and the mean time from trauma

to surgery was 35.8 days. There was no correlation between time from trauma and vWF:Ag

concentration (r = —0.67, p = 0.865). Regarding time from trauma, no significant differences in

the rates of any flap complications were found between early surgery and late surgery groups

(p=0.571).

The mean duration of surgery was 6.41 (5.77-7.04) hours. There were no significant

differences in the duration of surgery between patients with flap complications and patients

without complications (6.68, 5.31-8.06 vs. 6.35, 5.61-7.09, p = 0.135). Patients with any flap

complications had a significantly lower plasma lymphocyte count (p = 0.020); a lower mean

plasma albumin (p =0.049); a higher platelet count (p=0.021); and a higher vWF:Ag
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(p=0.014). There was no link between albumin—bilirubin score and vWF:Ag concentration
(r=0.89, p=0.430). There were no statistically significant differences in mean bilirubin
concentration and albumin-bilirubin score between patients with flap complications and
patients without complications (—2.77, —2.87—2.67 vs. —2.80, —=3.02—2.56, p = 0.551).
When comparing different surgical indications, trauma had the highest preoperative
vWF:Ag, followed by oncology, and patients with defects had the lowest vVWF:Ag (138.62,
107.48-150.62 vs. 129.03, 107.52—-150.63 vs. 89.92, 68.09-118.14, p =0.029). As seen in
Figure 4.4, vWF:Ag concentrations were positively linked to preoperative plasma fibrinogen

(p <0.001), plasma CRP (p <0.001), plasma IL-6 (p =0.032), and NLR (p =0.019).
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Figure 4.4. Association between preoperative von Willebrand factor antigen and
different preoperative markers of inflammation in microvascular flap surgery patients

vWF:Ag levels were higher in true flap loss when compared to patients without
complications (217.94, 137.27-298.45 vs. 114.14,95.67-132.71, p = 0.001). Preoperative NLR
was the highest in the patients with subsequent secondary flap complications when compared

to patients without flap complications (4.36, 2.60-6.13 vs. 2.32, 2.03-2.32, p=0.024).
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Fibrinogen levels were higher in the patients with subsequent true flap loss compared to patients
without complications (5.00, 4.29-5.70 vs. 3.46, 3.18-3.73, p<0.001). The association
between preoperative VWF:Ag, NLR, fibrinogen, and different flap complication types is

summarised in Figure 4.5.
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Figure 4.5. Association between preoperative vWF:Ag, NLR, fibrinogen, and
different flap complication types

After adjustment for fibrinogen and the presence of other types of flaps, logistic
regression analysis revealed the association between vWF:Ag and true flap loss at the selected

cut-off level of 163.73 IU/dL (OR 70.22, 10.74-485.28, p = 0.043).

4.4  Fourth prospective study of the second part. Early postoperative increase
in TGF-B1 predicts microvascular flap loss in reconstructive surgery

In total, 44 patients were included: 24 (59.1 %) men and 20 (40.9 %) women. Their
mean age was 57.1 years (CI95 52.5-61.7). The complications group consisted of 22 patients,
12 of whom had minor flap complications, while 10 patients had true flap loss. Five of these
cases had late flap loss (> 72 h). All patients with early true flap loss underwent urgent and
successful anastomosis revision. Four cases of late true flap loss were treated with repeated
microvascular flap reconstruction, while one case required necrectomy followed by rotated flap
reconstruction. Out of all the analysed laboratory values, increased preoperative plasma
fibrinogen was found to be associated with flap complications (4.04, 3.56-4.51 vs. 3.22,
2.69-3.75, p = 0.044). The laboratory values for predicting flap complications are summarised
in Table 4.7.
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Laboratory values for predicting flap complications

Table 4.7

Patient group (I)lvizl;‘a;l Comph:a:;;l group Con:lril 2gzroup p-value
Intraoperative and anaesthesia considerations
. 6.03 5.93 6.18
Surgery duration, hours (5.48-6.58) (5.20-6.66) (5.18-7.18) 0.739
Total intraoperative 2460.00 2480.00 2440.00 0276
crystalloids, mL (2421.59-2498.41) | (2434.76-2525.24) | (2370.89-2509.11) | -
Total intraoperative 625.00 650.00 600.00 0.615
colloids, mL (521.04-728.94) | (477.22-822.78) | (449.19-750.81) '
Intraoperative 34.50 33.75 36.00 0097
haematocrit, % (33.30-35.70) (31.76-35.74) (34.16-37.84) '
Vasopressors/ 15 10 5
sympathomimetics (34.1 %) (45.5 %) (22.7%) 0.112
used, n (%) ' ) '
Laboratory values
Red blood cell count, 4.13 4.28 4.00 0.084
10°/L (3.97-4.28) (4.06-4.49) (3.77-4.23) '
White blood cell count, 6.36 6.50 6.25 0.418
10°/L (5.57-7.17) (5.62-7.38) (4.91-7.59) '
Lymphocyte count, 1.67 1.63 1.71 0.497
10°/L (1.48-1.86) (1.31-1.93) (1.45-1.96) '
. 3.90 4.06 3.76
9
Neutrophil count, T0VL | 3 1374 57y (3.28-4.84) (2.44-5.09) 0.162
0.56 0.56 0.57
9
Monocyte count, 10°/L (0.50-0.63) (0.47-0.66) (0.47-0.66) 0.958
258.95 288.37 233.55
9
Platelet count, 107/L, (230.52-287.38) | (23833-33840) | (202.96-264.14) | 0092
. 12.43 12.87 12.05
Haemoglobin, g/dL (11.90-12.95) (12.13-13.61) (11.28-12.81y | 9087
. 38.81 40.12 37.69
o
Haematocrit, % (37.41-40.22) (38.22-42.01) (35.64-39.74) 0.065
Total plasma protein, 63.79 64.08 63.51 0.794
o/L (61.94-65.94) (61.32-66.83) (60.79-66.23) '
. 38.77 39.00 38.55
Plasma albumin, g/L (37.58-39.95) (37.05-40.96) (36.98-40.11) 0.668
8.40 6.93 9.87
CRP, mg/L (3.90-12.91) (3.25-10.61) (1.23-18.51) 0.718
. 3.61 4.04 3.22
Plasma fibrinogen, g/l (3.24-3.98) (3.56-4.51) (2.69-3.75) 0.044
. 14.62 11.73 17.37
Interleukin-6, pg/mL (10.32-18.92) (6.32-17.13) (10.51-24.24) 0.262
1.27 1.17 1.37
HDL-C, mmol/l (1.16-1.39) (1.01-1.32) (1.20-1.54) 0.094
2.89 2.84 2.93
LDL-C, mmol/l (2.57-3.21) (2.49-3.19) (2.38-3.49) 0.950
Preoperative TGF-B1, 2.64 2.68 2.60 0771
ng/ml (2.25-3.03) (2.13-3.24) (2.01-3.20) '
Postoperative TGF-f1, 3.12 3.48 2.77 0.072
ng/ml (2.71-3.53) (2.90-4.06) (2.20-3.35) '

* Data is presented as mean (CI95); CRP — C reactive protein; HDL-C — High density lipoprotein cholesterol;
LDL-C — Low density lipoprotein cholesterol; TGF-f1 — Transforming growth factor beta-1.
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When evaluating different surgical indications, patients undergoing surgery for defects
exhibited the highest postoperative TGF-B1 concentrations, followed by those treated for
oncological reasons, while trauma patients had the lowest preoperative TGF-f1 levels
(4.25 ng/mL, 3.51-4.98 vs. 2.99, 2.51-3.48 vs. 2.33, 1.02-3.64, p =0.023). However, no
significant differences were observed in preoperative TGF-B1, postoperative TGF-B1, or
the postoperative change in TGF-B1 when comparing different reconstruction sites or flap types.

Postoperative changes in TGF-B1 were positively correlated with preoperative
fibrinogen (r=0.369, p=0.021) and preoperative CRP (r=0.333, p =0.036). Additionally,
postoperative TGF-B1 levels showed positive correlations with preoperative haemoglobin
(r=0.328, p=10.029) and haematocrit (r = 0.341, p = 0.031). No significant associations were
observed between preoperative TGF-B1 levels and any of the analysed preoperative biomarkers.

The aforementioned correlation analyses are summarised in Figure 4.6.
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Figure 4.6. Correlation analysis between transforming growth factor beta-1 and
selected biomarkers in microvascular flap surgery patients

* Pre-op — preoperative; TGF-B1 — transforming growth factor beta-1; A TGF-B1 — postoperative
change in transforming growth factor beta-1; Post-op — postoperative; WBC — white blood cells;
NEU — neutrophils; LYM — lymphocytes; MON — monocytes; RBC — red blood cells; HGB — haemoglobin;
HCT — haematocrit; PLT — platelets; TC — total cholesterol; HDL-C — high-density lipoprotein cholesterol;
LDL-C — low-density lipoprotein cholesterol; CRP — C-reactive protein; TP — total protein); IL-6 — interleukin-6.

Postoperative changes in TGF-f1 concentrations were positively associated with
preoperative plasma fibrinogen (p =0.020) and plasma CRP (p=0.021). Postoperative

TGF-B1 concentrations were positively associated with preoperative haemoglobin (p = 0.009)
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and haematocrit (p = 0.039). The associations between perioperative TGF-B1 and preoperative

biomarkers are summarised in Figure 4.7.
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Figure 4.7. Association between perioperative TGF-f1 and preoperative biomarkers in
microvascular flap surgery patients

*Quartiles of fibrinogen (g/L): Q1 <2.31; Q2 2.32-3.78; Q3 3.79-4.34; Q4 > 4.35. Quartiles of C-reactive
protein (mg/L): Q1 < 1.93; Q2 1.94-3.86; Q3 3.87-14.00; Q4 > 14.01. Quartiles of haemoglobin (g/dL):
QI <11.6;Q2 11.7-12.6; Q3 12.7-13.7; Q4 > 13.8. Quartiles of haematocrit (%): Q1 < 36.6; Q2 36.7-39.0;
Q3 39.1-42.2; Q4 > 42.3. TGF-B1 — transforming growth factor beta-1. Data are presented as the mean (CI95).

The largest increase in the postoperative logl0 of TGF-B1 (ng/mL) was found in cases
with true flap loss (0.403, 0.024-0.782), followed by minor flap complications
(0.157, 0.029-0.285). Patients without flap complications had the lowest postoperative change
in the log10 of TGF-B1 (—0.089, —0.233-0.056, p = 0.002). Analysis of the predictive accuracy
of postoperative changes in TGF-B1 for true flap loss found that the AUC for log10 of TGF-1
was 0.797 (0.588-0.997, p=0.005). A postoperative change in TGF-f1>1.00 ng/mL was
determined to be optimal based on the cut-off analysis (specificity 79.4 %, sensitivity 80.0 %,
positive predictive value 53.3 %, negative predictive value 93.1 %). When adjusted for age,
sex, and preoperative plasma fibrinogen, multivariate regression analysis revealed that

an increase in the postoperative change in TGF-B1 increases the odds of true flap loss
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(OR 2.028, CI95 1.185-3.471, p=0.009). Postoperative changes in logl0 of TGF-f1 for

different surgical outcomes are illustrated in Figure 4.8.

1.0

Change in log4o of TGF-1 (ng/mL)

p=0.002

~0.5 . . :
No flap complications True flap loss Minor flap complications

Figure 4.8. Postoperative changes in logl10 of TGF-p1 for different
surgical outcomes: ANOVA test comparisons of postoperative changes in log10 of
transforming growth factor beta-1 in different surgical outcome groups

* TGF-B1 — Transforming growth factor beta-1.
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5 Discussion

5.1 Challenges and advances in biomarker-based risk assessment and

perioperative management in microvascular flap surgery
(Narrative literature review)

Overall, our narrative literature review conducted during the initial phase of this
research concluded that several perioperative factors are well-supported by previous studies.
These include nutritional assessment, correction of preoperative anaemia, postoperative
analgesia, and the use of peripheral nerve blocks, all of which are widely integrated into current
clinical practice. (Koster et al., 2024; Go et al., 2022; Salibian et al., 2018; Hill et al., 2012).
Nonetheless, further research is required to determine their optimal application and to develop
standardised protocols. In the preoperative context, topics such as albumin supplementation,
chronic inflammatory conditions, and assessments of hypercoagulability remain insufficiently
explored and represent promising avenues for future investigation (Chargi et al., 2022; Vanags
et al., 2020; Tomita et al., 2020; Drizlionoka et al., 2019). The narrative review outlines key
issues across preoperative, intraoperative, and postoperative care, supporting a team-based,
multidisciplinary approach to perioperative management in microvascular flap surgery, as seen

in Figure 5.1.

PREOPERATIVE CARE || INTRAOPERATIVE CARE

|.  Assessment of |

POSTOPERATIVE CARE

General anesthesia and I.  General postoperative

VI.

nonmodifiable risk factors

Assessment of modifiable
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and nutritional support
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Correction of
hypoalbuminemia

Assessment of chronic
inflammation and
hypercoagulation

airway management

Use of regional
anaesthesia

Intraoperative patient
monitoring
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care and follow-up
Postoperative analgesia

Postoperative flap
monitoring

Postoperative
antithrombotic treatment

MULTIDISCIPLINARY PERIOPERATIVE CARE IN MICROVASCULAR FLAP SURGERY

Figure 5.1. Suggested multidisciplinary team-based approach framework for
perioperative care in microvascular flap surgery

The narrative review also identified key biomarker categories that may be significant in
predicting complications. The main biomarkers of malnutrition identified are lymphocyte
count, albumin and prognostic nutritional index (PNI) (Xiao et al., 2022; Yu et al., 2020).

The main biomarkers of systemic inflammation are NLR, fibrinogen, albumin, fibrinogen,
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platelet count and CRP (Chargi et al., 2022; Tsai et al., 2018; Handschel et al., 2013). The main
markers of thrombosis risk are platelet count, fibrinogen and vWF:Ag (Tarabishy et al., 2020;
Vanags et al, 2020; Drizlionoka et al., 2019; Du et al., 2015; Handschel et al., 2013). There was
only one previous study that evaluated cytokines such as IL-6, IL-8 and macrophage stimulating
factor from flap vein blood samples for the early prediction of flap loss (Finke et al., 2015).
Our narrative literature review also addressed intraoperative considerations and
identified a clear need for further research to establish best practices for temperature, fluid
management, and the use of vasopressors (Tapia et al., 2021; Moellhoff et al., 2021; Laitman
et al., 2019; Ibrahim et al., 2014; Chen et al., 2010; Young et al., 2006). The identified

preoperative and intraoperative risk factors for flap complications are summarised in Figure 5.2.

Modifiable risk factors

I. Patient comorbidities
a. Diabetes mellitus
b. Peripheral vascular disease
¢.  Arterial hypertension
d. Coronary heart disease
e.  Chronic kidney disease
. Recent radiotherapy
Ill. Smoking
IV. High ASA score
V. Malnutrition

Non-modifiable risk factors

Microvascular flap . Traumatic etiology of the

VI. Preoperative anemia surgery defect
VII. Hypoalbuminemia complication risk Il. Oncological eticlogy of the
VIIl. Hyperfibrinogenemia defect
IX. Preoperative
thrombocytosis

X. Perioperative RBC infusions

XI. High volumes of
intraoperative crystalloids

XIL.

Intraoperative hypothermia

Figure 5.2. Preoperative and intraoperative risk factors for postoperative
complications in microvascular flap surgery

ASA — American Society of Anesthesiologists; RBC — red blood cell.

Postoperatively, continuous instrumental monitoring of free flap perfusion is generally
preferred, however the optimal strategy for antithrombotic prophylaxis remains unclear and warrants
further study (Rothweiler et al., 2022; Lee et al., 2015; Bashir et al., 2014; Lighthall et al., 2013).

In general, the narrative literature review has provided valuable insights to guide future
investigations into the perioperative management of patients undergoing microvascular flap
surgery. Although the field has witnessed significant advancements, several critical knowledge
gaps remain unresolved. It is increasingly evident that the determinants of complications and
successful outcomes in free flap microvascular reconstruction are complex and multifactorial.
While substantial evidence exists identifying variables associated with adverse outcomes in
microvascular flap surgery, many previous studies are limited by their small sample sises and

retrospective designs, which may introduce risks of selection and classification biases.
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5.2 Prospective study evaluating CONUT score for prediction of
microvascular flap complications in reconstructive surgery
(First prospective study of the second part)

The first study of the prospective part that an elevated preoperative CONUT index is
a reliable predictor of flap complications, with a score >2 being the optimal cut-off. Flap
complications were associated with lymphocytopenia, monocytopenia, low haematocrit, and
obesity.

Systemic factors such as surgical stress response, tissue healing, and nutritional status
are key contributors to surgical outcomes in microvascular flap surgery (Kosec et al., 2022).
Malnourished patients are more likely to suffer from surgical complications, extended
hospitalisations, and delayed recovery in both general surgery and microvascular flap
reconstruction (Kutnik et al., 2023; Venianaki et al., 2021; Yu et al., 2020; Ho et al., 2015).
Yu et al. demonstrated the utility of the PNI, which shares components with CONUT, in
predicting flap failure (Yu et al., 2020). Our findings show that a higher CONUT score is
positively linked to increased flap complication risk. To our knowledge, this is the first study
highlighting the predictive value of CONUT in microvascular flap surgery, aligning with results
from other surgical populations (Cozzani et al., 2024; Cai et al., 2023; Hara et al., 2020).

The CONUT >2 threshold aligns with cut-offs reported in other surgical studies, though
it demonstrated low sensitivity (21.1 %) and high specificity (95.6 %), making it more suitable
for ruling out low-risk patients (Quian et al, 2021, Tokoyawa et al., 2016; Iseki et al., 2015).

While we found that CONUT predicted minor flap complications, it was not a reliable
predictor of true flap loss, which may result from different mechanisms, such as compromised
microvascular anastomosis (Lee et al., 2010). Minor complications like wound dehiscence,
infection, and fistulae are more likely to stem from impaired tissue healing, often linked to
malnutrition (Shum et al., 2014; Pohlenz et al., 2012; Felekis et al., 2010). These complications,
although less severe, can still necessitate re-exploration or repeat surgery (Pohlenz et al., 2013).
Importantly, patients undergoing microvascular flap surgery are particularly vulnerable to
delayed healing at both donor and recipient sites (Pohlenz et al., 2013).

Lymphocyte count, a CONUT component, likely plays a key role in flap healing.
Preoperative lymphocytopenia has been linked to increased complication rates (Chiarelli et al.,
2019; Lee et al.,, 2012). Our study found that monocytopenia was also linked to flap
complications. Increased monocyte counts after major surgery are linked to surgical site
infection, although there are no studies on preoperative monocytopenia and surgical outcomes
(Snow et al., 2024). Interestingly, we observed a link between monocytopenia and flap
complications, which contrasts with the findings of KoSec and co-authors who reported no such

association (Kosec et al., 2022).
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While the role of obesity is debated, some studies support its association with increased
perioperative risks in microvascular flap surgery (Sinha et al., 2016; Fischer et al., 2013).
Other studies found no such link in microvascular flap surgery (Crippen et al., 2018; Chang
etal., 2018; de la Garza et al., 2016). Importantly, obesity and malnutrition can occur together,
and this “double burden” malnutrition can lead to poor health outcomes (Wells et al., 2020;
Barazzoni et al., 2020). BMI alone is not a reliable indicator of acute malnutrition, as shown by
Ignacio de Ulibarri and co-authors (de Ulibarri et al., 2005). Our results support that both
obesity and nutritional risk independently raise the likelihood of complications and should be
addressed preoperatively.

Although there is evidence for identifying patients at risk of malnutrition, data on
the impact of nutrition in this setting remains limited. At the time of writing, only one clinical
trial by Hwang et al. has shown that intraoperative enteral nutrition improves wound healing
during flap reconstruction in head and neck surgery (Hwang et al., 2023).

This study had several limitations. Many patients had cancer as a primary diagnosis,
which introduces additional risk factors for flap complications (Katna et al., 2023; Shankhdar
etal., 2022; Chen et al., 2021). Furthermore, the presence of preoperative radiotherapy, another
potential confounder, was not evaluated (Lee et al., 2015). Additionally, while serum albumin
is included in both CONUT and PNI scores, it is not part of current malnutrition definitions,
and the CONUT score should therefore be seen as a marker of nutritional risk rather than
nutritional status (Evans et al., 2021). Further research is needed to validate malnutrition risk
assessment tools and clarify their role in guiding interventions for patients undergoing

microvascular flap surgery.

5.3  Prospective study evaluating FAR for predicting microvascular flap
complications in reconstructive surgery (Second prospective study of
the second part)

The second study of the prospective part found that both low and high preoperative FAR
were associated with flap complications, suggesting a U-shaped relationship. Specifically, low
FAR was linked to flap haematoma or flap loss, while high FAR was associated with minor
complications. FAR was positively linked to length of hospital stay. Additional factors
associated with the presence of flap complications included low lymphocyte count, high
intraoperative haematocrit and obesity. The overall complication rate in this cohort was 17.7 %,
with true flap loss occurring in 5.4 %. Patients with flap complications experienced
significantly longer hospitalisations.

Elevated fibrinogen and low albumin levels in patients with complications support

the role of inflammatory and coagulation markers in the pathophysiology of surgical
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complications (Shang et al., 2023; La Vaccara et al., 2022). Albumin has been described as
a key predictor of flap complications, with low levels associated with impaired healing, poor
inflammatory response, and delayed or failed flap closure (La Vaccara et al., 2022; Utariani
et al., 2020). As a marker of malnutrition and regulator of oncotic pressure, low albumin may
reduce flap perfusion and oxygenation, increasing the risk of true flap loss (Xu et al., 2021).

In our cohort, patients with minor complications had higher fibrinogen levels, while
patients with flap haematoma or flap loss had lower levels. Both hypofibrinogenemia and
hyperfibrinogenaemia have been associated with flap complications (Drizlionoka et al., 2019;
Kolbenschlag et al., 2016). Low fibrinogen can impair clot formation, leading to bleeding and
flap failure (Vanags et al., 2020). Handschel et al. reported that high preoperative fibrinogen
levels were linked to flap loss (Handschel et al., 2013). Drizlionoka et al. found a genetic variant
associated with higher fibrinogen, which leads to increased flap thrombosis risk (Drizlionoka
etal., 2019).

Interestingly, we observed a U-shaped relationship between FAR and flap
complications. Patients with FAR greater than 0.13 had higher odds of flap complications, with
further analysis showing that elevated FAR was particularly associated with minor flap
complications. Several previous studies have similarly reported associations between increased
FAR and the incidence of complications across various surgical populations (Xu et al., 2022;
La Vaccara et al., 2022). This pattern, characterised by increased fibrinogen and decreased
albumin, is consistent with the presence of chronic inflammation which is detrimental for flap
success (Ma et al., 2024; Tarle et al., 2023; Ding et al., 2022; Du et al., 2015).

All previous articles on FAR in other surgical populations point to poor outcomes in
high FAR patients (Xu et al., 2022; La Vaccara et al., 2022). Unexpectedly, FAR < 0.05 also
predicted higher complication rates, specifically flap haematoma or flap loss. This suggests
distinct mechanisms underlying major and minor complications in microvascular flap surgery.
Low FAR may reflect coagulopathy, as low fibrinogen increases bleeding risk in microvascular
flap surgery (Kolbenschlag et al., 2016). Additionally, increased albumin may exert
anticoagulant effects, as albumin-induced coagulopathy can be reversed with fibrinogen
supplementation (Paar et a., 2017; Winstedt et al., 2013). This may further explain the observed
association between low FAR and bleeding.

The U-shaped relationship may reflect distinct underlying mechanisms: elevated FAR
likely reflects systemic inflammation and impaired wound healing, while low FAR may
indicate hypocoagulability (Lipa et al., 2025). These diverging states may both lead to flap
complications through different pathophysiological pathways.

Overall, FAR may represent an easily accessible preoperative biomarker to stratify
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surgical risk in microvascular flap patients. Identifying patients with FAR extremes could allow
for early nutritional optimisation, inflammatory modulation, or perioperative coagulation
management. Future investigations may elucidate whether perioperative interventions that
normalise FAR such as targeted fibrinogen replacement, nutritional supplementation or
reduction of chronic inflammation can reduce complication rates.

A limitation of this study is that the regression models did not include the presence of
malignancy as primary indication for surgery, which is associated with elevated FAR and worse
outcomes (Tomita et al., 2020). Furthermore, the identified cutoffs (< 0.06 and > 0.10) were
based on regression analyses within our single centre cohort and warrant external validation.
Whether these thresholds are generalizable across different surgical populations remains to be
determined. Future research may validate these findings through multicentre studies, explore
subgroup differences, and use experimental approaches to better define the role of FAR in

different clinical contexts.

5.4 vWF:Ag, biomarkers of inflammation, and true flap loss in
reconstructive surgery (Third prospective study of the second part)

The third prospective cohort study identified key associations between inflammatory
biomarkers, preoperative VWF:Ag concentration, and postoperative complications in
microvascular flap surgery. A principal finding was that elevated preoperative vWF:Ag levels
significantly increase the risk of true flap loss. Additional associations were observed between
flap complications and decreased lymphocyte count, reduced plasma albumin, elevated platelet
count, increased plasma fibrinogen, and a higher NLR. Moreover, increased levels of CRP,
fibrinogen, IL-6, and NLR were positively linked with elevated preoperative vWF:Ag
concentrations.

Recent investigations have shown that various inflammatory states are generally
accompanied by increased VWF:Ag levels (Manz et al., 2020; Gragnano et al., 2017). vWF,
a large multimeric glycoprotein synthesised by endothelial cells and megakaryocytes, plays
a central role in haemostasis, particularly in facilitating platelet plug formation at sites of vascular
injury (O’Donnell et al., 2023; Mojzisch et al., 2021). vWF mediates platelet adhesion by binding
to collagen and platelet receptors (Tsyu et al., 2023). vWF is also highly shear-sensitive and is
therefore known to promote platelet aggregation at post-stenotic sites that have a negative shear rate
gradient (Hoefer et al., 2021). Studies on atherosclerotic plaques reveal that interactions between
the plaque geometries, local endothelial vWF release, and plasma levels of vVWF:Ag can lead to
thrombosis (Westein et al., 2013). The concept of vVWF elongation and subsequent contribution to
platelet aggregation at post-stenotic sites may be applicable to the anastomosis site in microvascular

flap surgery (Rothweiler et al., 2021; Du et al., 2015; Handschel et al., 2013).
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Although the exact mechanisms of vWF-mediated thrombosis are complex, total plasma
vWF:Ag levels have been identified as predictors of thrombotic events. In microvascular flap
surgery, Handschel et al. reported higher vWF:Ag concentrations in patients experiencing venous
thrombosis at the anastomosis site, which aligns with our results (Handschel et al., 2013).

Among factors influencing vWF:Ag levels, chronic inflammation appears particularly
prevalent in the population undergoing microvascular reconstruction (Chargi et al., 2022;
Yu et al., 2020). Oncology and trauma as indications for microvascular reconstruction are
particularly linked to elevated systemic inflammation, increased thrombosis risk, and higher
vWF:Ag concentrations (Colonne et al., 2022; Zeineddin et al., 2021; Lelas et al., 2021; Abdol
Razak et al., 2018). In our cohort, trauma cases exhibited the highest vVWF:Ag levels, followed
by oncology. Patients undergoing reconstruction for uncomplicated defects displayed
the lowest concentrations. However, mean values across all three groups remained within
previously reported normal ranges (Mdller et al., 2020).

Elevated vWF:Ag has previously been associated with markers of systemic
inflammation, including increased IL-6, reduced albumin, elevated CRP, and higher platelet
counts (Moller et al., 2020; Tarabishy et al., 2020; Kim et al., 1999). In this study,
all inflammatory biomarkers, except CRP and IL-6, were associated with flap complications.
Specifically, increased NLR and decreased albumin were linked to secondary complications,
while elevated fibrinogen was associated with true flap loss. These distinctions support our
hypothesis that true flap loss and secondary complications arise from differing
pathophysiological processes. Our findings suggest that inflammation also elevates fibrinogen
and vWF:Ag levels, both of which have been shown to increase the likelihood of true flap loss
(Vanags et al. 2020; Drizlionoka et al., 2019; Handschel et al., 2013).

These findings are consistent with those of Handschel et al., who observed elevated
vWF:Ag in patients with flap thrombosis. However, our results further delineate the specific
inflammatory markers associated with different types of complications, a distinction not
emphasised in prior studies (Rothweiler et al., 2021; Handschel et al., 2013). Preoperative
measurement of VWF:Ag, particularly when combined with fibrinogen or NLR, may offer
clinicians a tool for early risk stratification. This may inform postoperative monitoring intensity,
or prophylactic anticoagulation strategies (Stevens et al., 2024; Lacey et al., 2023).

This research part had several limitations. The analysis did not distinguish between
arterial and venous thromboses at the anastomosis, despite existing literature addressing these
differences (Rothweiler et al., 2021; Handschel et al., 2013). This study focuses solely on
preoperative VWF:Ag concentrations, without accounting for the dynamic fluctuations in

vWF:Ag levels intraoperatively and postoperatively. Continuous biomarker monitoring
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throughout the perioperative period may offer deeper insight into mechanisms underlying flap
complications. Our study design did not allow assessment of the cost-effectiveness of vVWF:Ag
relative to other biomarkers. Large-scale, multi-centre studies are needed to validate the use of

vWF:Ag concentrations in clinical practice.

5.5  Early postoperative increase in TGF-p1 predicts microvascular flap loss
in reconstructive surgery (Fourth prospective study of the second part)

The central finding of this study is that a postoperative increase in TGF-B1 is linked to true
flap loss and, to a smaller extent, minor flap complications. Increased postoperative changes in
TGF-B1 are linked to increased CRP and fibrinogen. Increased postoperative TGF-f1
concentrations are linked to increased preoperative haematocrit and haemoglobin.

While TGF-B is secreted by many cell types, platelets contribute approximately 45 % of
the total TGF-B present in plasma, and TGF-B1 is its main isoform, accounting for 95 % of
the total TGF-B (Deng et al., 2024; Wang et al., 2024; Karolczak et al., 2021; Meyer et al., 2012).
Exposure to shear stress has been shown to stimulate TGF-B1 release from platelets both in vitro
and in vivo (Wang et al., 2014; Ahamed et al., 2008). We propose that increased shear forces at
a dysfunctional vascular anastomosis may contribute to the postoperative rise in TGF-B1. Prior
research indicates that shear stress can activate latent TGF-B1 present in platelets and
the extracellular matrix, highlighting the intricacies of flap survival under dynamic vascular settings
(Wang et al., 2014). In thrombosed arteries during flap surgery, elevated shear stress may
significantly amplify TGF-B1 release (Walshe et al., 2013). Co-secreted proteins such as
thrombospondin-1 can further enhance TGF-B1 activation, and inflammatory mediators like matrix
metalloproteinases may perpetuate a feedback loop of platelet activation and inflammation
(Murphy-Ullrich et al., 2018; Murphy-Ullrich et al., 2000). Notably, TGF-1 may itself increase
shear stress on circulating platelets, and hypercholesterolemia has been shown to promote TGF-f1
release from platelets, though this was not evident in our findings (Wang et al., 2014). It must be noted
that the shear stress interaction between the vessel wall and TGF-1 has been previously studied only
in the context of chronic vessel wall changes (Gomez-Bemal et al., 2023; Wang et al., 2014).

In addition to shear-induced release, thrombin may activate platelets via PAR1/4 receptors
during thrombosis, promoting further TGF-B1 secretion (Boknés et al., 2014). This process
enhances monocyte tissue factor expression, increasing thrombin generation and contributing to
inflammation and coagulation (Pihusch et al., 2005).

TGF-B1 also plays a role in the regulation of thrombosis (Jiang et al., 2022). Zhang
et al. showed that TGF-B1 promotes neutrophil and monocyte recruitment to thrombi and facilitates
neutrophil extracellular trap formation, supporting its role in venous thrombus development, as seen

in Figure 5.3 (Zhang et al., 2024).
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Figure 5.3. Platelet-derived TGF-$1 promotes deep vein thrombosis via
enhancing the recruitment of neutrophils and monocytes to venous thrombi
as well as the formation of neutrophil extracellular traps

Adapted from: Zhang, S., Li, Y., Zhang, J., Sun, Y., Chu, X., Gui, X., Tong, H., Ding, Y., Ju, W., Xu, M.,
Li, Z., Zeng, L., Xu, K., & Qiao, J. (2024). Platelet-Derived TGF-f1 Promotes Deep Vein Thrombosis.
Thrombosis and haemostasis, 124(7), 641-648.

A study by Jiang et al. revealed that elevated platelet-derived TGF-B1 levels in portal
venous thrombosis are associated with hypercoagulability and endothelial dysfunction
(Jiang et al., 2022). However, the absence of TGF-f1 did not affect arterial thrombosis in mice
(Zhang et al., 2024). While our results showed that a postoperative increase in TGF-B1 was
linked to true flap loss, there was no link between increased preoperative TGF-1 and the risk
of true flap loss. Our findings corroborate recent evidence that platelet-derived TGF-f1
promotes the progression of venous thrombus development, rather than its initiation
(Davis et al., 2025; Zhang et al., 2024; Jiang et al., 2022). This may imply that the promotion
of coagulation is a product of local TGF-B1 release at the site of thrombus formation, rather
than its cause.

Venous thrombosis due to pedicle kinking is a more frequent cause of flap failure than
anastomotic failure and generally occurs under low shear stress (Williams et al., 2004). In such
cases, blood stasis is the primary prothrombotic cause (Undas et al., 2011). The postoperative
rise in TGF-Bl may indicate pedicle kinking, progressive anastomotic thrombosis and
impending flap failure, as thrombus formation increases local TGF-B1 levels (Davis et al., 2025;
Zhang et al., 2024; Smeda et al., 2024; Jiang et al., 2022). This is further supported by our
observation of a positive correlation between postoperative TGF-B1 and preoperative plasma

fibrinogen, which is a known risk factor for flap thrombosis (Handschel et al., 2013).
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Postoperative TGF-B1 was also associated with preoperative haemoglobin and
haematocrit. Though TGF-B1 correlates with haemoglobin in systemic lupus erythematosus,
we did not observe an association between preoperative TGF-B1 and haematocrit in our cohort
(Gémez-Bernal et al., 2022). Haematocrit may influence TGF-B1 through its effect on blood
viscosity, which increases shear stress (Leo et al., 2020; Ameenuddin et al., 2019). Since
platelet-derived TGF-B1 release is stimulated by shear stress, higher viscosity may increase
TGF-B1 secretion at stenotic sites, including microvascular anastomoses (Wang et al., 2014).
However, considering our study methodology, elevated viscosity may have also promoted
TGF-B1 release during sample collection (Karolczak et al., 2021).

The observed postoperative rise in TGF-f1 could serve as an early biomarker of
impending flap failure. In clinical settings where perfusion monitoring is limited, serial
biomarker measurements may inform timely decisions regarding re-exploration (Wu et al.,
2024). Additionally, future integration of TGF-B1 into postoperative monitoring protocols
could stratify patients by thrombotic risk and guide intensity of clinical surveillance. To our
knowledge, it is the first to systematically evaluate postoperative TGF-B1 changes in relation
to flap outcomes, integrating both inflammatory and hematologic markers. The prospective
design and use of serial postoperative samples enabled time-based association between
TGF-B1 dynamics and clinical events.

This study has several limitations. First, TGF-B1 levels vary considerably across
physiological and pathological conditions, many of which were not addressed by our exclusion
criteria (Karolczak et al., 2021). Tracking TGF-f in plasma may be difficult due to rapid binding
to target cells (Karolczak et al., 2021). Therefore, verification with immunohistochemical
analysis of SMAD protein expression in target cells would further improve the reliability of
the results (Karolczak et al., 2021). We did not differentiate arterial from venous thrombosis at
the anastomotic site, a potentially important distinction given the role of TGF-B1 in venous
thrombus progression (Deng et al., 2024). Given the use of multiple different flap types,
the anastomosis site and subsequent vessel curvature were not individually evaluated, although
they may influence blood flow and affect postoperative TGF-B1 levels (Wang et al., 2014).
Finally, postoperative TGF-B1 increases may also be involved in minor flap complications,
including fibrosis and impaired wound healing, even in successful flaps (Finnson et al., 2013;
Tredget et al., 2005). Extended postoperative monitoring may clarify the predictive potential of

TGF-B1 in microvascular flap surgery.
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Conclusions

. Perioperative care strategies for anaemia correction, analgesia, and PNB use are
well-supported by current evidence in microvascular flap surgery. However, other aspects
such as malnutrition assessment, inflammation, hypercoagulability, fluid and temperature
management, and antithrombotic treatment strategies remain less clearly defined. The use of
biomarkers to predict true flap loss represents a promising direction for future research.

. Preoperative CONUT score > 2 is a reliable marker of malnutrition risk and predictor of
minor flap complications. Patients with lymphocytopenia, monocytopenia, low haematocrit,
or obesity, are at increased risk of minor flap complications, highlighting the need for routine
malnutrition risk screening and targeted interventions in microvascular flap surgery.

. Preoperative FAR shows a U-shaped association with flap complications, where low FAR
below 0.06 predicts flap haematoma or true flap loss, high FAR above 0.10 predicts minor
flap complications, and both are linked to longer hospital stays, supporting its utility as
a preoperative risk stratification tool in microvascular flap surgery.

. Elevated preoperative vVWF:Ag levels above the cut-off of 163.73 IU/dL are linked to
increased risk of true flap loss. Preoperative vVWF:Ag concentration is positively associated
with inflammatory biomarkers including increased fibrinogen, NLR, IL-6, CRP, and
decreased plasma albumin, supporting the role of vVWF:Ag as a predictive marker for true
flap loss.

. Postoperative increase in TGF-B1 greater than 1.00 ng/mL, driven by both shear stress
induced platelet activation at sites of anastomotic dysfunction and active thrombus
formation, is an effective biomarker for early detection of impending true flap loss.

. Novel biomarker models integrating nutritional, inflammatory, coagulation, and
immunological markers are useful for predicting complications in microvascular flap
surgery. The newly identified perioperative biomarkers can help identify high-risk patients,
guide perioperative care, and enable early detection of impending true flap loss. These
insights support a more personalised, data-driven approach to improving outcomes in

microvascular flap surgery.
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Abstract: Complex microvascular techniques and in-depth knowledge of bloed rheclogy and mi-
croanastomosis function are required for success in microvascular flap surgery. Substantial progress
has been achieved in preventing complications, but the rate of flap loss is still significant and can
have significant adverse effects on the patient. Flap thrombosis, flap hematoma, and flap loss are the
most frequent and severe major surgical complications. Advances in understanding the pathophys-
ielogy of different flap complications, the use of preoperative risk assessment and new treatment
concepts could improve the perioperative care of microvascular flap surgery patients. Our aim was
to outline novel avenues for best practice and provide an outlook for further research of anesthesia

and perioperative care concepts in microvascular flap surgery.

eywords: anesthesia; perioperative care; microvascular flap complications; reconstructive surgery
Ki d th t Tar {1 licat truct

1. Introduction

Microvascular flap surgery has secured its place in reconstructive surgery as an impor-
tant technique to achieve the closure of various tissue defects [1-3]. The defect that requires
correction can be caused by different eticlogies, including trauma, oncology, chronic infec-
tion, or wounds of multiple etiologies [1]. The use of free flaps, in contrast to conventional
surgical techniques, offers a wider range of donor sites, resulting in improved flap char-
acteristics, such as size, function, tissue components, and form [2]. The use of free flaps
also gives the benefit of earlier mobilization, reduced hospital stay and costs [2]. Despite
good progress in surgical techniques and reduction of complication rates, flap loss remains
a challenge in perioperative care for both surgeons and anesthesiologists. The main compli-
cation groups are true flap less, minor flap complications, and flap hematoma [1,4]. The
complication rate varies among studies, although overall, it is between 3 and 6% [3,5-7].
Venous thrombosis is the most common cause of true flap loss, while arterial thrombosis
is the most common cause of early true flap loss [8]. Other more minor postoperative
complications include infection, partial flap necrosis, postoperative bleeding, seroma, and
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wound dehiscence [3]. Preoperatively, it is important to evaluate and ensure that the
current comorbidities of the patient are controlled. Like in all major surgeries, the cardiac
and respiratory condition should be optimal, including control of high blood pressure
and high serum glucose level [1]. Multiple recent studies have described the pathophys-
iology of different flap complications and the use of biomarkers for preoperative risk
assessment [8-10]. These biomarkers may open new avenues for the improvement of peri-
operative care. After preoperative preparations, high-quality intraoperative care is equally
important and must employ good temperature, pain, and sympathetic control fo prevent
vasoconstriction [11-15]. Optimizing blood pressure and fluid management to maintain
high cardiac output and low systemic vascular resistance is crucial to ensure the success
of the surgery [1]. Postoperative antithrombotic treatment should be balanced fo avoid
both bleeding and thrombotic complications [16]. The issues presented are multifaceted;
however, perioperative care in a multidisciplinary team-based approach could improve
the results of microvascular flap surgery [17]. The aim of this narrative review is to outline
novel avenues for best practice in microvascular flap surgery and provide an outlook for
further research on preoperative risk assessment, anesthesia, and perioperative care. This
narrative review separately addresses the three main groups of issues in preoperative,
intraoperative, and postoperative care (Figure 1).

PREOPERATIVE CARE | INTRAOPERATIVE CARE | POSTOPERATIVE CARE
I Assessment of I. General anesthesia and I.  General postoperative
nonmodifiable risk factors airway management care and follow-up
Il Assessment of modifiable || |I.  Use of regional Il. Postoperative analgesia
risk factors anaesthesia ;
lll. Postoperative flap
Il Malnutrition assessment || ||l Intraoperative patient monitaring
and nutritional support monitoring IV. Postoperative
V. Correction of anemia IV. Fluid and vasopressor antithrombotic treatment
V. Correction of IR
hypoalbuminemia
VI. Assessment of chronic
inflammation and

“._hypercoagulation

‘ MULTIDISCIPLINARY PERIOPERATIVE CARE IN MICROVASCULAR FLAP SURGERY
L

J

Figure 1. Suggested multidisciplinary team-based approach framework for perioperative care in
microvascular flap surgery.

2. Materials and Methods

For this literature review, PubMed, Scopus, and Web of Science databases were used.
The search was carried out using the following algorithm and key terms: “preoperative
risk”, “risk factors”, “biomarkers”, “fibrinogen”, “malnutrition”, “comorbidities”, “ane-
mia”, “coagulation”, “coagulogy assessment”, “inflammation”, “regional anesthesia”,

" oar "oar woar

“general anesthesia”, “analgesia”, “crystalloid”, “vasopressor”, “fluid”, “monitorin an-
7 ,ery F - P ;

Ny "ot "oas ”woar

ticoagulants”, “antiaggregants”, “‘intraoperative care”, “preoperative care”, “postoperative
o

care”, “continuous instrumental free flap monitoring” combined with “free flap failure”,
"true flap loss”, “minor flap complications”, “’flap complications”, "free flap thrombosis”,
“free flap surgery”, or “microvascular flap surgery”. Articles published from 1 January
2007 to 1 July 2024 were selected and analyzed. The articles were selected for the review
based on relevance to daily clinical practice, with an emphasis on the studies reflecting
new avenues for predicting risk, providing individualized patient care, and improving
outcomes for clinical practice. Upon selection for review, the highest priority was placed
on randomized clinical trials, larger observational studies, and the most recent articles.
The review uses the following definitions for complications: true flap loss is defined as
the impairment of the flap blood flow due to venous or arterial anastomosis dysfunction or
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thrombosis leading to congestion or ischemia and complete loss of the free transposed flap;
flap hematoma is defined as the presence of a postoperative hematoma adjacent to the flap
recipient site without interfering with the flap blood supply either due to surgical causes or
insufficient coagulation function; minor flap complications are defined as the presence of
flap recipient or donor site wound infection, slow or difticult flap wound healing, partial or
marginal flap necrosis, or difficult healing at the donor site.

3. Results and Discussion
3.1. Preoperative Assessment of Non-Modifiable Risk Factors

To properly evaluate preoperative risk factors, it is important to assess the patient’s
non-meodifiable risk factors [3,18]. Evidence on the gender of the patient in relation to the
risk of flap failure remains inconclusive. A study by Sanati-Mehrizy et al. that included
1921 patients identified male gender as an independent risk factor for flap failure in all
flap types included in the study [18]. However, some studies also found no statistically
significant link between male gender and free flap failure [3], and on the other hand, female
sex was found to be a risk factor in the case of head and neck free flap failure [10].

Age was not identified as a direct risk factor for flap failure on its own [3]. Despite
the increased rate of vascular damage and atherosclerotic changes in older patients, the
risk of flap thrombosis is not considered to be higher [3]. Therefore, age should not be a
contraindication to microvascular flap surgery [3,18].

The etiology of the defect is non-moedifiable at the time of surgery and might also
influence the risk of frec flap failure. Among the patients in the study conducted by Lese
et al,, it was found that in elective non-cancer patients, vascular compromise occurred in
3.8% of cases, the cancer group had a compromise rate of 6.9%, and in the trauma group,
the rate was even higher at 8.9% [3]. Another study by Bui et al. also found that a history
of trauma is linked to increased rates of flap complications [19].

3.2. Preoperative Assessment of Comorbidities and Modifiable Risk Factors

Patient comorbidities should be evaluated before surgery to predict and potentially
improve outcomes. Comorbidities and factors that have been identified as a risk factor
for flap failure include diabetes mellitus [3], peripheral vascular disease [3,8], arterial
hypertension [3], coronary heart disease [3], renal failure [6], recent radiotherapy [6], and
smoking [18]. However, not all of these were recognized in all studies as independent risk
factors, and some of them remain inconclusive. The ASA class should be considered as one
of the possible predictors of postoperative complications, with a higher ASA class being a
risk factor for flap failure [3]. Smoking was identified as a risk factor for free flap failure in
some studies [18], but there were others in which it was not considered an independent
risk factor [3,8,20]. Smoking cessation 4-8 weeks before surgery is generally preferred to
decrease perioperative morbidity and improve wound healing [20,21].

3.3. Preoperative Malnufrition Risk Assessment and Nutritional Support

Nutritional status is an important feature that influences smgical outcome, and malnu-
trition can be a major risk factor for complications in all surgical patients [22]. Malnutrition
has been found to negatively impact wound healing [23], and the same applies to microvas-
cular flap surgery [4,5]. A recent study by Yu et al. showed that a low prognostic nutritional
index (PNI) was found to be a risk factor for free flap failure [5]. PNI is calculated using
the serum albumin and total lymphocyte count (10 x serum albumin g/dL + 0.005 x total
lymphocyte count per microliter) [5]. The study used the cutoff of PNI < 40 to predict the
risk of flap complications [3].

In another study, the Controlling Nutritional Status Score (CONUT) was used to
indicate the risk of malnutrition [4]. An increased preoperative CONUT score was found to
reliably predict flap complications with a score of more than 2 [4]. This score includes some
of the same parameters as PNI, such as serum albumin and total lymphocyte count, but
also includes total cholesterol [4].
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Although evidence can be found for the assessment of the risk of malnutrition, direct
evidence for nutritional support in microvascular flap surgery is limited. Upon the writing
of this review, only a single clinical trial by Hwang et al. showed that intraoperative enteral
feeding during microvascular flap reconstruction in head and neck surgery enhances
wound regeneration [24].

Options for nutritional support include oral supplementation, enteral feeding (via a
gastric or postpyloric tube), or parenteral feeding [25]. Enteral feeding is generally preferred
to parenteral feeding if possible due to better safety, reduced complications, and cost [25].
Providing perioperative nutritional support could benefit patients who are malnourished
but also lead to postponed surgery and the additional cost of artificial nutrition [26].
Additionally, it is worth noting that preoperative fasting should be minimized. Clear fluids
should be allowed up to 2 h before the beginning of anesthesia, and solid foods up to 6 h
prior [12].

In summary, patients with both mild and severe malnutrition may benefit from preop-
erative nutritional evaluation [4,5] and nutritional support [4], and intraoperative or early
postoperative enteral nutrition [12,24] should be encouraged.

3.4. Correction of Preoperative Anemia

In microvascular surgery, it is generally accepted that hemoglobin will decrease during
the surgery due to hemodilution. In fact, it is traditionally accepted that hemodilution and
hyperdynamic circulation can reduce the risk of anastomotic failure [27]. However, both
preoperative anemia and intraoperative hematocrit < 30% could be associated with flap
failure [28,29]. Furthermore, preoperative anemia is linked to impaired wound healing [30].
A meta-analysis of 4984 patients indicated that preoperative anemia is a possible risk factor
for free flap failure [29]. Tt also indicated that postoperative transfusions are associated with
more complications [29]. Perioperatively, the amount of blood loss and blood transfusions
should be limited, as they could increase the risk of flap failure and other complications
like infection [31]. This, in turn, leads to the importance of identifying preoperative anemia
to prevent intraoperative transfusions during surgery [30].

1f the cause of anemia is iron deficiency, intravenous or oral iron administration should
be considered if the Hb is below 120, depending on the time to the surgery [30,31]. Tt
should be noted that when administering iron treatment, there should be enough time for
the correction of the anemia fo be effective [31]. For partial correction, two to four weeks,
and for full correction, six to eight weeks should be sufficient [31,32]. Intravenous iron
corrects iron-deficiency anemia more rapidly than oral iron, but it still requires weeks to
improve the results of the complete blood count [32], which must be taken into account
during surgical planning.

3.5. Correction of Hypoalbinminemia

Albumin is an important protein involved in the regulation of serum osmolality, tissue
repair, and systemic inflammation [33]. It acts as the main extracellular scavenger in the
interstitium and as an antioxidant, and it also provides amino acids for the synthesis of
tissues [33]. In the case of inflammation, capillary permeability increases, which, in turn,
leads to an expansion of the interstitial space and an increased distribution of albumin [33].
Furthermore, the half-life of albumin has been shown to decrease the albumin levels in the
case of an inflammatory condition [33]. This leads to the conclusion that hypoalbuminemia
correlates with inflammation and can be a predictive factor for a negative outcome of the
surgery [33,34].

Min, Hong, and Suh found in their study that when the preoperative albumin level
was increased by 1 g/dL, the probability of partial flap loss was reduced to less than half [1].
Another study found that preoperative hypoalbuminemia is a negative prognostic factor in
patients who have had tumor excision and free flap reconstruction in an advanced stage
of head and neck squamous cell carcinoma [9]. A study by da Silva et al. that included
35 patients found that hypoalbuminemia had no impact on the frequency of complications
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in extremity free flap reconstruction but was associated with a prolonged hospital stay [35].
As mentioned in the previous section, low albumin levels as a marker of malnutrition
risk have been associated with an increased risk of free flap complications [4,5,36]. If low
albumin levels are measured preoperatively, the cause of hypoalbuminemia should be
considered, whether it is due to malnutrition, inflammation, or other causes [33].
Intriguingly, there is evidence that perioperative albumin supplementation may reduce
postoperative complications and shorten hospital stays. A study by Xu et al. included
315 patients who underwent oral and maxillofacial tumor resection and reconstruction
with free flap. It found that administering 100 mL of 20% albumin intraoperatively and
50 mL every day for 2 postoperative days was associated with fewer local complications
and shortened hospital stays. However, this had no effect on systemic complications [37].

3.6. Other Preoperative Biomarkers

Fibrinogen plays an important role in tissue inflammation, wound healing, and
hemostasis [38]. It is produced mainly by the liver and is also considered an acute-phase
protein, so it is also increased by inflammatory reactions [38]. A study by Handschel et al.
found that increased preoperative plasma fibrinogen is associated with true flap loss [39].
A study by Drizlionoka et al. involving carriers of a single-nucleotide polymorphism in the
gene coding for the gamma chain of fibrinogen showed that these individuals had higher
plasma fibrinogen levels and, therefore, also had a higher rate of free flap thrombosis [10].

A recent study found that a high fibrinogen /albumin ratio was associated with de-
creased microvascular perfusion in patients with ST elevation myocardial infarction who
underwent primary percutaneous coronary intervention [40]. A higher fibrinogen-to-
albumin ratio has also been associated with poorer prognosis in cancer patients [41,42]. A
high fibrinogen-to-albumin ratio could indicate both a state of chronic inflammation [43]
and hypercoagulation [44], and both conditions could be hypothesized to be linked to
predict flap complications in the future. A study by Vanags et al. showed that Rotational
Thromboelastometry could be used in microvascular flap surgery to predict hypercoagula-
ble states and true flap loss in late-surgery trauma cases [45]. When studying only head
and neck reconstructions, Stevens et al. found preoperative thrombocytosis to be a strong
predietor of flap failure. Whether or not to use antithrombotic treatment in order to prevent
this still remains controversial [8].

The neutrophil-to-lymphocyte ratio (NLR) is another biomarker of both inflammation
and malnutrition risk [46,47]. A study by Chargi et al. found both the NLR and low skeletal
muscle mass are associated with flap complications and increased length of stay [48].

3.7. General Anesthesia (GA) and Airway Management

Choosing the appropriate anesthetic technique is dependent on a number of different
clinical factors. Anesthesia decision-making is influenced by surgical requirements for
the procedure, expected duration, patient comorbidities, postoperative analgesia, and
individual anesthesia factors [49]. Generally, due to the multiple surgical sites involved and
the positioning of the patient, most microvascular reconstructions are performed under
general anesthesia [50]. Specifically, for head and neck reconstruction, airway management
for GA can pose specific challenges [12]. In these cases, it is important to carefully examine
the patient’s airway before intubation to identity possible tumors, lymphedema, or fibrosis
that might have occurred if the patient has received irradiation therapy for cancer [12,51].
Awake fiberoptic intubation is preferred if difficult intubation is expected [12]. Elective
tracheostomy prior to microvascular flap surgery has been proposed in extremely difficult
airway cases [52].

Regarding the anesthetic agent, there is some evidence supporting the use of Sevoflu-
rane over Propofol. Sevoflurane has been shown to protect the endothelium from ischemia-
reperfusion injury in animal models [53]. Sevoflurane creates a lower capillary filtration
coefficient when compared to Propofol [11], which may be beneficial in microvascular
flap surgery.
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After the use of GA, nausea and vomiting prophylaxis must be considered. Specifically
for head and neck surgery, postoperative vomiting can cause suture dehiscence, wound
infection, and fistula formation [54]. For prophylaxis, patients with increased risk should
be identified, and the administration of a combination of antiemetics and corticosteroids
intraoperatively should be considered [55]. The choice of anesthetic should also be taken
into consideration regarding postoperative nausea and vomiting and favors Propofol over
Sevoflurane [12,56].

3.8. Use of Regional Anesthesia

The exclusive use of regional anesthesia (RA) instead of GA can help avoid several
complications, such as postoperative nausea, airway injury, and respiratory insufficiency.
RA could also reduce the number of patients admitted to the ICU postoperatively and
improve pain management [57,58]. The use of combined spinal and epidural anesthesia is
a considerable option for lower limb reconstruction [57]. Epidural anesthesia can be used
exclusively in lower limb reconstruction [59] or be combined with GA as it improves postop-
erative pain and, according to recent studies, does not increase the risk of flap thrombosis or
reduce flap blood flow [14,26]. However, there is also some conflicting evidence on the use
of regional anesthesia in microvascular flap surgery [50]. A retrospective study by Jayaram
et al. involving 165 patients found that spinal and epidural anesthesia was associated with
a higher rate of failure in microvascular free flaps in patients with acute trauma [50]. It has
been postulated that the sympathectomy that accompanies regional anesthesia can cause a
“steal phenomenon” that diverts blood from the transferred flap to the intact tissue that
still has innervation of the autonemic nervous system [50,60]. However, the concept of
the “steal phenomenon” is applicable to neuraxial anesthesia and may not be applicable
to the use of peripheral nerve blocks (PNBs) [61]. The link between neuraxial anesthesia,
hemodynamic parameters, and flap complications needs to be further elucidated [50].

Since hemodynamic parameters are generally much less affected when PNBs are
used [62], it is reasonable to believe that they are safe and effective for analgesia in mi-
crovascular flap surgery [61]. In particular, patients with GA supplemented with peripheral
nerve block have no change in the risk of flap complications but have a shorter length
of hospital stay [61]. The use of PNBs for the flap donor site [63] as the surgical location
receives benefits from RA, much like any other surgical wound [64]. The main PNBs
studied in microvascular flap surgery are transversus abdominis plane block for abdominal
surgical procedures [65] and superficial cervical plexus block for neck surgery [66], as well
as femoral, popliteal, and sciatic nerve blocks for lower extremity surgery [61].

3.9. Intraoperative Monitoring and Surgical Aspects

As with all major surgical operations, monitoring the vital parameters of patients
is imperative to ensuring successful outcomes and, specifically for microvascular flap
surgeries, to prevent true flap loss [67]. Standard basic physiological monitors should be
used, such as usual pulse oximetry, electrocardiography, and invasive or non-invasive
blood pressure measurement [49,67]. In the case of general anesthesia, additional capnog-
raphy, end-tidal inhalation anesthetic concentrations, electroencephalography, and, when
indicated, neuromuscular blockade monitoring [49] may be used.

Monitoring the intravascular fluid status is also important, as a high volume of peri-
operative crystalloid infusions has been associated with flap complications [11,12]. Fluids
should be administered in a manner that achieves euvelemia, avoiding both hypovolemia
and hypervolemia [11,12]. Diuresis, while informative, is not a comprehensive marker of
fluid status [68]. More accurate depictions of fluid status can be obtained through the use
of a respiratory variation of an arterial line graph, esophageal Doppler technology, and
echocardiography monitoring [12,68,69]. It should also be noted that, as with any major
surgery, changes in cardiac output are influenced by changes in the depth of anesthesia
and surgical simulation [70].
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It is mandatory that the patient’s temperature is monitored throughout this type
of surgery to maintain normothermia [11-13]. Normothermia can be achieved by using
warm air covers, warming mattresses, and warming intravenous fluids during the opera-
tion [11,12]. Hypothermia has been associated with increased perioperative complications,
like postoperative infection rates [11-13] and true flap loss [71,72]. A study by Laitman
et al. found that hyperthermia also increases the risk of flap complication, and a mean
temperature of 36.5 °C is protective against flap complications [73]. The same study found
that the temperature interval of 34.5-36.0 °C reduces the risk of flap complications [73];
therefore, the general evidence regarding the optimal intraoperative body temperature
remains inconclusive.

Although various macro-hemodynarnic parameters can be monitored, there are also
multiple ways that the surgeon could check the microcirculatory parameters of the flap
intraoperatively. This could also provide information to the anesthesiologist. The main
methods of monitoring flap microcirculation include photopletismography [74], the Acland
test [75], indocyanine green angiography [76], and implantable Doppler flowmetry [77]. In
this regard, the importance of the technical aspects of microvascular flap harvest, flap inser-
tion, and precise blood vessel anastomosis must be emphasized. A meticulous approach
to performing the above-mentioned aspects improves free flap outcomes, as this prevents
hematoma formation, kinking of the vascular pedicle, and flap loss [78]. Furthermore,
diligent instrumental and continuous flap monitoring must be continued postoperatively
to optimize microvascular flap survival rates [79].

3.10. Fiuids, Vasopressors, and Red Blood Cell Transfusions

Itis generally accepted that a balanced fluid administration based on the patient’s fluid
responsiveness would be preferable [11,14]. The ideal goal would be to maximize cardiac
output and tissue oxygenation by aiming toward the peak of the Frank-5Starling curve [80]
while avoiding flap edema [81]. A study by Dooley et al. about patients with head and neck
cancer who underwent free tissue transfer found that higher volumes of infraoperative
fluid were associated with an increased rate of both surgical and flap complications [82].
This could be due to the increased susceptibility of the transferred flaps to edema, as they
initially do not have lymphatic drainage, and the permeability is increased due to capillary
damage [82]. Crystalloid infusion of more than 130 mL/kg per 24 h was suggested by one
study to be associated with an increased rate of complications [83]. Another found that
patients who received more than 7 L of intraoperative crystalloids had more flap-related
complications [81]. The preferred fluid strategy has not yet been elucidated; however,
a recent study by Tapia et al. recommended a specific goal-directed fluid management
therapy that reduced flap complication rates compared to conventional fluid treatment
strategies [69]. It should be noted that the amount of fluid administered is most likely
related to the duration of surgery [6]. A duration greater than 18 h was notably influenced
by the occurrence of flap failure [6]. Longer duration may cause a longer ischemic period
and lead to greater amounts of fluids given to the patient during the procedure [6], which
may further exacerbate flap edema alongside increased flap ischemia.

The use of vasoconstrictors in the management of hypotension remains controver-
sial [84-86]. In some animal studies, the use of vasopressors has been shown to reduce
flap blood flow [87]. Conversely, in multiple studies involving microvascular surgery in
humans, the use of vasopressors has not been shown to cause flap complications [82,85,88].
Dobutamine remains an alternative to pure vasoconstrictors and has been shown to im-
prove flap blood flow [7,12,89]. Furthermore, norepinephrine has been shown to improve
free flap blood flow, indicating that both of these vasoconstrictors are safe for microvascular
flap surgery [90,91]. Conversely, a study by Chang found that the use of vasopressors
increased the rate of arterial flap complications and the need for reoperation but did not
increase the rate of true flap loss [84].

The infusion of red blood cells has been associated with an increased rate of flap complica-
tions and general complications [11,12,92,93], and this may be due to the immunomodulatory
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effect of the transfused blood product [12,94]. A link between red blood cell infusions and
wound infections has also been demonstrated [95,96]. Therefore, some authors propose a
restrictive use of intraoperative RBC transfusions [12,13]. On the contrary, a study by Kim
et al. used multivariate analysis to show that the lowest perioperative Hb level and age
were significant predictors of flap failure, and the presence of perioperative blood transfusion
was not associated with the risk of flap complications [97]. The overall preoperative and
intraoperative risk factors have been summarized in Figure 2.

Modifiable risk factors

| Patient comorbidities
a2 Diabetes malltus
b. Perpheral vascular discase
Attevial hypertension
d Coronary hear dsoase
& Cheonic kidney dissase
Il. Recent radiotherapy
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VI. Preoperative anemia surgery defect
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thrombogytosis
X. Perioperative REC infusions
XI. High volumes of

Intracperative crystallolds
X
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Figure 2. Preoperative and intraoperative risk factors for postoperative complications in microvascu-
lar flap surgery. Abbreviations: ASA—American Society of Anesthesiclogists; RBC—red blood cell.

3.11. General Postoperative Care Principles and Postoperative Follow-Up

Optimal care for microvascular flap surgery patients does not end in the operating
room. Postoperatively, the assignment of proper vitals monitoring and monitoring flap
viability is of utmost importance. Regarding the location of postoperative care, the consen-
sus within recent studies seems to point towards not routinely admitting patients to the
ICU for postoperative care [12,98]. They have shown that there has been no difference in
flaps lost due to complications between admissions to the specialist ward and admissions
to the ICU [12,98,99]. There was also no difference in ICU readmissions, and general
morbidity was not shown to increase in patients cared for in a specialist ward rather than
in the ICU [12,98]. For example, a study by Yalamanchi et al. involving 338 patients did
not show any differences in flap survival, reoperation, readmission, and complications
postoperatively when comparing admission to the ICU and the non-ICU setting [99]. The
findings of a meta-analysis by Mashrah et al. were also in line with this consensus [98].

If postoperative care is provided in the ICU, deep sedation and artificial ventilation
should be aveided, as this could lead to a prolonged weaning time from mechanical
ventilation and increase the risk of pneumonia [12,98]. Avoiding postoperative ICU admis-
sions could also relieve ICU beds for other more eritically ill patients and is likely more
cost-effective [99,100].

Wherever the patient is admitted for postoperative care and monitoring, it should
be performed by adequately trained nursing staff and in a controlled environment. As
with all major surgeries, it should include at least vital signs such as heart rate, pulse
oximetry, blood pressure measurement, core temperature, blood glucose, diuresis, drainage
measurement, and fluid administration [101]. The monitoring should include a physical
examination of the flap every hour. The color, capillary refill, tissue temperature, turgor,
pinprick test, and Doppler signals should be examined [98]. In the case of flaps that are
poorly accessible, there may be a higher benefit from an implantable Doppler [98] or other
available instrumental tools.
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3.12. Postoperative Pain Control

Many different analgesic medications have shown benefits in microvascular flap
surgeries [12,102]. Tt is important for the patient’s postoperative experience to effectively
prevent pain for the patient during the postoperative period, and clinicians should depend
on multimodal analgesia (MMA) by combining opioids, non-opioid analgesics, and RA,
acting through multiple components of the pain pathway [12].

MMA combining non-steroidal anti-inflammatory drugs (NSAIDs), paracetamol, and
gabapentin with opioid analgesia has been shown to be safe and effective in postoperative
analgesia in microvascular flap surgery patients [15,103]. Compared to standard opioid
analgesia, the MMA group had a lower rate of partial flap loss [15]. Another study included
ketamine in their multimodal analgesia protocol and found that with gabapentin it proved
to be a viable option that could be considered to reduce opioid use [103]. Additionally,
ketamine may have a more optimal side effect profile with respect to hemodynamics than
opioids, which could affect flap viability [103]. There is also evidence that the use of
antiemetic and analgesics could be reduced with a single dose of gabapentin before the
surgery [11,104]. Tt has been suggested that ketorolac may reduce thrombotic complications
in microvascular flaps of the lower extremities [105]. However, the general contraindica-
tions and side effects of NSAIDs must also be taken into account for all patients [106].

3.13. Postoperative Antithrombotic Treatment

The most common cause of flap failure is thrombosis at the anastomotic site; therefore,
it is natural to consider using antithrombotic therapies to mitigate this risk. However,
the use of anticoagulants also carries an increased risk of bleeding and the formation of
hematoma [16]. Many patients undergoing microvascular flap surgery have cancer as an
indication for reconstruction, which also increases the importance of good venous throm-
boembolism prophylaxis to prevent serious complications, such as deep vein thrombosis
and pulmonary embolism [12,16]. However, it should be remembered that the pathogenesis
of arterial thrombosis is related to endothelial damage, which leads to platelet aggregation,
while venous thrombosis is due to fibrin clotting [16]. Furthermore, the risk of flap throm-
bosis and true flap loss is highest in the first 48 h after surgery and is significantly reduced
after 72 h [16].

Commonly used anticoagulants and antiaggregants include unfractionated heparin
(UFH), low molecular weight heparin (LMWH), aspirin, and dextran [7,11]. Dextran,
a polysaccharide volume expander with antithrombotic properties, is no longer widely
considered useful in microvascular flap surgery [107-109]. A meta-analysis by Dawoud
et al. compiled eight studies on anticoagulation in head and neck reconstruction surgery
and evaluated the use of UFH and LMWH [16]. The study found that UFH consistently
increased the relative risk of flap hematoma and bleeding when compared to the control
and LMWH [16]. LMWH can be used prophylactically, but additional therapeutic dose
anticoagulation is not beneficial [16].

Another study that included 843 patients showed that the flap failure rate was not
affected by postoperative antiplatelet treatment, intraoperative heparin bolus, or tPA [7].
Multiple studies have shown an increased risk of bleeding and hematoma formation
and a lack of improvement in the risk of true flap loss with regard to UFH [110] and
aspirin [111,112]. Conversely, a study by Rothweiler et al. that included 178 free flap
surgeries found a decreased true flap loss risk using a combined anticoagulation regimen
of aspirin 300 mg intraoperatively followed by aspirin 100 mg/day and an intraoperative
bolus of UFH 20 TU/kg followed by UFH 500 TU/h with no APTT target value [113]. A
study by Karimi et al. proposed a more delicate regimen of aspirin (100 mg/day) for the first
5 postoperative days and enoxaparin 40 mg/day subcutaneously for 3 days [114]. Given
the heterogeneity of the evidence, it is clear that the optimal postoperative antithrombotic
regimen has vet to be elucidated.
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4. Areas of Future Research

Despite rapid improvements in this field, multiple knowledge gaps still persist. It
has become clear that the factors affecting the complications and success of free flap
microvascular reconstructions are highly complex and multifactorial. In general, there
is much evidence on different factors associated with complications in microvascular
flap surgery. Some studies, however, have quite small sample sizes, making them less
reliable for recommendations, and most are retrospective in nature, making them more
prone to selection and misclassification bias. The evidence on some factors, such as the
assessment of nutritional status, correction of preoperative anemia [28], postoperative
analgesia [102,103], and the use of PNB [61,65,66], is clear and generally accepted. In these
areas, the main concepts have been agreed upon, yet more studies on their application and
specific guidelines are necessary. Preoperatively, albumin supplementation [41], chronic
inflammation [47,48], and hypercoagulability assessment [10,45,47] currently lack sufficient
data and are highly promising avenues for further research. For intraoperative care, further
studies are crucially needed to refine optimal body temperature management [71-73], as
well as fluid [69,81] and vasopressor [84-86] strategies. With regard to postoperative care,
continuous instrumental monitoring for free flap transfer is preferable, although the major
issue of optimal postoperative antithrombotic regimen [110-114] is yet to be elucidated.

5. Conclusions

The main focus of perioperative physicians in microvascular flap surgery is to optimize
the patient’s preoperative risks and provide optimal intraoperative and postoperative care.
Optimal perioperative care in microvascular flap surgery is increasingly being accepted as
a multidisciplinary team-based process. Despite the scientific progress achieved in the field,
further exploration is required. This narrative review outlines possible avenues for future
research to refine perioperative care and improve outcomes in microvascular flap surgery.
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Abstract: Microvascular flap surgery is a widely acknowledged procedure for significant defect
reconstruction. Multiple flap complication risk factors have been identified, yet there are limited
data on laboratory biomarkers for the prediction of flap loss. The controlling nutritional status
{CONUT) score has demonstrated good postoperative outcome assessment ability in diverse surgical
populations. We aim to assess the predictive value of the CONUT score for complications in mi-
crovascular flap surgery. This prospective cohort study includes 72 adult patients undergoing elective
microvascular flap surgery. Preoperative blood draws for analysis of full blood count, total plasma
cholesterol, and albumin concentrations were collected on the day of surgery before crystalloid
infusion. Postoperative data on flap complications and duration of hospitalization were obtained.
The overall complication rate was 15.2%. True flap loss with vascular compromise occurred in 5.6%.
No differences in flap complications were found between different areas of reconstruction, anatomical
flap types, or indications for surgery. Obesity was more common in patients with flap complications
{p = 0.01). The CONUT score had an AUC of 0.813 (0.659-0.967, p = 0.012) for predicting complica-
tions other than true flap loss due to vascular compromise. A CONUT scare > 2 was indicated as
optimal during cut-off analysis {p = 0.022}. Patients with flap complications had a longer duration of
hospitalization (13.55, 10.99-16.11 vs. 25.38, 14.82-35.93; p = 0.004). Our findings indicate that the
CONUT score has considerable predictive value in microvascular flap surgery.

Keywords: controlling nutritional status; microvascular flap complications; reconstructive surgery

1. Introduction

Microvascular flap surgery has become a generally acknowledged procedure for sig-
nificant defect reconstruction. Complex microvascular techniques and in-depth knowledge
of blood theclogy and microanastomosis function are required for this kind of surgery. Al-
though substantial progress has been achieved in preventing complications, the rate of flap
loss is still significant (1-7.1%) and can have significant adverse effects on the patient [1,2].
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Flap thrombosis, flap hematoma, and flap loss are the most frequent and severe major
surgical complications [3]. Mechanical problems comprise the most frequent causes of late
flap failure (>48 h), and impaired arterial and venous blood supply is the most widespread
cause of carly flap failure (<48 h) [4]. Problematic and delayed healing, wound dehiscence,
infection, fistula, and donor site problems are considered minor surgical complications.
Even though microvascular flap transplantation relies on greatly specific surgical concepts,
the issue of systemic reaction to surgical trauma and tissue healing is just as relevant here
as in other types of surgery [5].

The most common indications for microvascular flap surgery are primary oncology
or trauma, as well as defects related to previous surgery or infection [1]. Malnutrition
may be commeon in patients requiring microvascular flap surgery [6], as many indica-
tions for microvascular flap surgery are also risk factors for poor nutritional status [7].
Previous studies show that the presence of malnutrition is a considerable risk factor for
surgical complications in different patient populations [6-10]. Malneurished patients are
at a higher risk of surgical complications such as wound dehiscence, infection, and fis-
tula formation [9,11]. Most of these complications require reoperation, which can further
increase patient morbidity and hospital costs [12]. Screening, assessing, and managing
these patients is important because malnutrition is a modifiable pre-operative risk factor
that, if addressed early, can reduce the risk of post-operative complications [13]. Given the
complexity of microvascular flap transplantation and the availability of nutritional treat-
ment strategies, a systematic approach to addressing nutrition risk significantly improves
surgical outcomes in microvascular flap surgery [6,7].

The objective measurement of nutritional status can be performed with a wide range of
tools, although there is no “gold standard” approach for measuring malnutrition [14]. The
use of laboratory biomarkers for screening and assessing nutrition risk may be convenient,
since laboratory evaluation is already routinely performed for preoperative assessment.
Multiple studies have elucidated the link between laboratory biomarkers of poor nutri-
tional status and surgical complications [6-8]. Studies have shown that lymphocyte count,
albumin, prealbumin, and total plasma cholesterol are markers for poor nutritional status
and can be quantified using nutritional assessment tools [15,16]. The controlling nutritional
status (CONUT) score is an evolving tool that has demonstrated good postoperative out-
come assessment ability in diverse surgical populations [9,17]. Tt is intended for inpatient
assessment and is relatively simple to use, as it is calculated using only three values: serum
albumin level, total cholesterol level, and total lymphocyte count [16]. A CONUT score
of 0-1 is defined as no nutrition risk, and higher scores are defined as higher degrees
of nutrition risk [16]. CONUT could be applied for assessment of nufrition risk in mi-
crovascular flap surgery due to its broad applicability and previous evidence for predicting
complications in various surgical populations. The purpose of this study is to assess the
predictive value of the CONUT score for predicting complications in elective microvascular
flap surgery.

2. Materials and Methods

The study protocol and the informed consent form were approved by the Ethics Com-
mittee of Riga Stradins University {Approval Number 22-2/399/2021), and by the Science
Department of Riga East University hospital (Approval Number Nr.AP/08-08/22/135).

2.1. Patient Selection

This prospective cohort study included 72 patients undergoing elective microvascular
flap transplantation surgery at Riga East University Hospital from the 1 October 2021 to
the 31 January 2023. Given the observational nature of our study, all surgical, anesthesia,
and clinical management decisions were made by the attending physicians. The inclusion
criterion was adult patients undergoing elective microvascular flap transplantation. The
exclusion criteria were patients with sepsis or severe systemic bacterial infection; patients
with autoimmune disorders; patients with blood-borme viral infections (Hepatitis B; Hep-
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atitis C and HIV); pregnant patients and patients during lactation period; and patients with
congenital hypercoagulability or any clotting disorder.

2.2. Anaesthesia and Surgical Protocol

All patients received general anesthesia (GA). Starting at the induction of anesthesia
electrocardiography, pulse oximetry, noninvasive blood pressure, and end-tidal carbon
dioxide concentration were monitored in all patients. Induction was performed using
fentanyl (I*‘c;'ntanyl—KaI(Teks"fg 0.05 mg/ml, A/S Kalceks, Riga, Latvia) 1.5-2 ug/kg, and
propofol (Propofol@) 10 mg/mL, Fresenius Kabi AG, Bad Homburg, Germany) 1-2 mg/kg
intravenously (iv). GA was maintained using sevoflurane (Sevorane®, AbbVie Srl.,
Campoverde, Italy) 0.8-1.2 MAC, and continuous analgesia was provided with fentanyl
1-1.5 pg/kg/h. Cisatracurium (Nimbex 2 mg/mL, Aspen Pharma Ltd., Dublin, Ireland)
0.15 mg/kg iv was used for tracheal intubation, followed by a continuous infusion of
1-2 pg/kg/min for muscle relaxation. Crystalloid infusion (RiLac, B. Braun Melsungen
AG, Melsungen, Germany) was administered at a rate of 3.5 to 6.0 mL/kg iv per hour dur-
ing surgery and the early postoperative period, with a target urine output of 1-2 mL/kg/h.
Colloid fluid (Gelofusine, B. Braun Melsungen AG, Melsungen, Germany) was adminis-
tered when an estimated blood loss of >500 mL occurred during surgery. Patients received
both peripheral and central temperature monitoring during surgery to avoid hypothermia.
Patients were administered vasopressors, such as ephedrine (Ephedrine Sintetica, Sintetica
GmbH, Miinster, Germany) or norepinephrine (Norepinephrine Sopharma, Sopharma AD,
Sofia, Bulgaria), when their mean arterial blood pressure was below 65 mmHg for more
than 5 min. Peripheral nerve blocks with ultrasound and neurostimulation guidance were
performed when indicated. Patients received close postoperative monitoring of vital signs,
fluid balance, and postoperative pain management in the post-anesthesia care unit. Postop-
erative thromboprophylaxis was provided with enoxaparin (Clexane®, Sanofi- Aventis S.A.,
Barcelona, Spain) 40 mg once daily from the first postoperative day for all patients. During
and after surgery, patients with clinical symptoms of excessive blood loss or those with
hemoglobin < 7 g/dL received blood product transfusions. All operations were performed
by a team of highly experienced surgeons. The selection of flap type was based on the tissue
type necessary for defect site reconstruction, the size of defect, the length of the pedicle, and
the patient’s positioning during surgery. The flaps used in the study were the anterolateral
thigh flap, deep inferior epigastric artery perforator flap, fibular flap; radial free forearm
flap, gracilis muscle flap, temporal artery flap, serratus anterior flap, latissimus dorsi flap,
and medial condyle flap. The team of surgeons closely monitored the microvascular flap
for the first five postoperative days. Flap patency was assessed using clinical assessment of
flap color, temperature, tissue turgor, and capillary refill.

2.3. Data Collection

Blood draws were obtained on the day of surgery immediately upon the first arrival in
the operating room betore initiation of the first crystalloid infusion. Full blood count analy-
sis was performed using the XN-1000 system (Sysmex Europe SE, Norderstedt, Germany).
Concentrations of albumin were analyzed using the colorimetric method (Cobas C, Roche,
Manheim, Germany). Concentrations of total plasma cholesterol were analyzed using
the Enzymatic colorimetric method (Cobas C, Roche, Manheim, Germany). The serum
albumin concentration, total peripheral lymphocyte count, and serum total cholesterol
concentration were used to assign the CONUT score. As seen in Table 1, the CONUT score
was determined by assigning laboratory values according to the tool first used by Ignacio
de Ulibarri and coauthors [16].
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Table 1. The evaluation of the controlling nutritional status (CONUT) score; the controlling nutritional
status (CONUT) score tool as first described by Ignacio de Ullibarri and coauthors [16].

Variable Undernutrition Degree
Normal Mild Moderate Severe
Serum albumin (g/dL) =350 3.00-3.49 2.50-2.99 <2.50
Score 0 2 4 [
Total lymphocyte count (/mm?) >1600 1200-1599 800-1199 <800
Score 0 1 2 3
Total cholesterol (mg/dL) >180 140-179 100-139 <100
Score 0 1 2 3

Demographic data, comorbidities, data on perioperative course, anesthesia care, surgi-
cal outcome, length of stay in the intensive care unit (ICU), and total duration of hospital-
ization were obtained from written and electronic health records according to a previously
defined protocol. Patients received postoperative daily follow up until discharge from
the hospital.

24. Definitions

True flap loss was defined as flap blood supply deficiency due to arterial or venous
anastomosis dysfunction or thrombosis that leads to complete loss of the transplanted
flap. Other flap complications were defined as any of the following: hematoma (without
interfering with flap blood supply), flap wound infection, secondary or incomplete flap
wound healing, and partial flap loss. Partial flap loss was defined as the presence of
distal marginal flap necrosis with no anastomosis dysfunction. Any flap complication was
defined as the presence of either true flap loss or any other flap complication. ICU length of
stay was the timing between admission to the ICU and discharge from the ICU to the ward.
Hospital length of stay was the timing between admission to the hospital and discharge
from the hospital.

2.5. Statistical Analysis

Statistical analysis was performed using SPSS Statistics for Windows, Version 26.0.
(IBM Corp. Armonk, NY, USA). The Kolmogorov—-Smirnov test was used to evaluate
whether the datasets conformed to a normal distribution. Continuous variables conforming
to normal distribution were presented as mean and CI95, while categorical variables were
presented as median = interquartile range (IQR). Differences in data distribution between
the groups were evaluated using the Mann-Whitney U test for non-parametric datasets and
the two-sample t-test or ANOVA for datasets conforming with normal distribution. A Chi-
square test was applied for nominal variable sets. Binary logistic regression models were
used to obtain odds ratios for specific variables. The receiver operator curve (ROC) and
area under curve (AUC) were used for evaluating the diagnostic ability of a binary classifier
system. Youden’s Index (YI) and the Concordance Probability Method (CZ) was used
for defining optimal cut-off values [18]. Statistical significance was assumed if two-tailed
p <005

3. Results

In total, 72 patients—40 (55.6%) men and 32 (44.4%) women—were included. The
mean age was 55.3 years (95% CI95 51.5-59.1). The overall complication rate was 15.2%
{n =11). True flap loss with vascular compromise occurred in 5.6% (n = 4), with two of
these cases being late flap loss (>72 h). Both cases of early true flap loss underwent urgent
anastomosis revision. Both cases of late flap loss underwent repeated elective microvascular
flap transplantation. Other flap complications occurred in seven cases, with difficult flap
healing or partial flap loss occurring in 5.6% (n = 4), flap infection occurring in one, and
hematoma occurring in two cases. The median number of revisions in patients with true
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flap loss was 1.5 (IQR 1). The median number of revisions in patients with other flap
complications was 1 (IQR 0.75, p = 0.223).

As seen in Table 2, there were no significant differences in age or gender distribution
in patients with any flap complications or flap loss, and in patients without complications.
No significant differences in true flap failure or other flap complications were found
between different areas of reconstruction and different anatomical flap types. No significant
differences in true flap failure or other flap complications were found between different
indications for reconstruction. Of the included comorbidities, obesity was found to be
more common in patients with any flap complications (p = 0.01). Only two patients had
a BMI < 20 kg/m?, and there was no statistically significant link between decreased BMI
and any flap complications. No statistically significant link was found between BMI and
CONUT score. No significant differences in the rates of true flap failure or other flap
complications were found in patients with other comorbidities.

Table 2. Demographic characteristics, surgical considerations, and comorbidities; data are presented
as mean (CI95) or count {percentage). Abbreviations—BMI (body mass index); ENT (ear, nose, and
throat surgery); DIEP (deep inferior epigastric artery perforator flap); ALT (anterolateral thigh flap).

No Any Flap
Patient Group Outrdll Complications eHR Toss Complications p-Value
n="72 n=4
=6l n=11
Demographical data
Mean age, years 55.3 (51.5-59.1) 56.9 (61.0-65.4) 65.0 (63.5-66.5) 49.6 (37.7-56.1) 0.057
Sex (female), 1 (%) 32 (44.4%) 25 (40.1%) 2 (50.0%) 5 (45.5%) 0.418
Area of reconstruction
Extremity, i (%) 15 (20.8%) 12 (19.6%) - 3(27.3%) 0.289
ENT, 11 (%) 26 (36.1%) 22 (36.1%) 2 (50.0%) 4 (36.4%) 0.496
Head and neck, # (%) 16 (22.2%) 14 (30.0%) 1(25.0%) 2 (18.2%) 0.322
Breast, n (%) 15 (20.8%) 13 (21.3% 1 (25.0%) 2 (18.2%) 0.457
Microvascular flap type
ALT, (% 32 (44.4%) 27 (44.3%) 2 (50.0%) 5 (45.5%) 0.828
TFibular flap, (%) 9 (12.5%) 8(13.1%) 1(25.0%) 1(9.1%:} 0.478
DIEF, n (%) 9 (12.5%) 7 (11.5%) - 2 (18.2%) 0.528
Radial artery flap, # (%) 6 (8.3%) 6 (9.8%) - - -
Other, # (%) 16 (22.2%) 13 (21.3%) 1(25.0%) 3 (27.3%) 0.413
Indication for surgery
Trauma, # (%) 8 (11.1%) 6 (10.1%) - 1(9.1%) 0.918
Oncology, 1 (%) 40 (55.6%) 32 (58.2%) 3 (75.0%) 6 (54.5%) 0.469
Defect, 7 (%) 19 (26.4%) 11 (20.0%) 1(25.0%) 4 (36.4%) 0.511
Infection, 1 (%) 5 (6.9%) 5(8.2%) - - -
Comorbidities
Coronary artery disease, 1 (%) 4 (5.6%) 3 (4.9%) 1 (25.0%) 1(9.1%} 0.059
Diabetes mellitus, 1 (%) 5 (6.9%) 4 (6.6%) - 1(9.1%) 0.691
Hypertension, 1 (%) 28 (38.8%) 16 (31.1%) 3 (75.0%) 6 (54.5%) 0.133
Dyslipidemia, 7 (%) 16 (22.2%) 13 (21.3%) 1(25.04) 3 (27.3%) 0.624
Smoking history, n (%) 13 (18.1%) 11 (18.0%) 1(25.0%) 2 (18.2%) 0.249
Obesity (BMI > 30 kg/mz), 1 (%) 12 (16.6%) 8(13.1%) 2 (50.0%) 5 (45.5%) 0.010 **
Cerebrovascular accident, # (% 4 (5.6%) 4 (6.6%) - - 0.620

The ** symbol is used to indicate statistical significance when comparing the group without complications to both
the true flap loss group and the any flap complications group.

As seen in Table 3, no significant links were found between the duration of surgery
and anesthesia factors and any flap complications. A higher intraoperative hematocrit was
associated with flap complications, with the highest intraoperative hematocrit found in
cases with subsequent true flap loss (p = 0.009). Only one patient received intraoperative
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hemotransfusion, and five patients received hemotransfusion in the early postoperative
period. There was no significant link between the presence of hemotransfusion and any
flap complications.

Table 3. Intraoperative and anesthesia considerations; data are presented as mean (CI95) or count
(percentage).

Overall Neo Complications True Flap Loss Any Flap Complications

Patient Group =72 = o =11 p-Value
Duration of surgery, hours 639 (5.75-7.02) 6.33 (5.59-7.07) 7.63 (5.86-9.39) 6.66 (5.29-8.04) 0.235
Volume of intraoperative 2345.83 2352.50 2875.00 2312.50 0.145
crystalloid, mT, (2141.39-2550.28) (2133.31-2571.69) (1681.38-4068.42) (1608.14-3016.86) et
"“"‘m‘z(‘)’lﬁkl:f:;f”at“’e 506.25 (401.74-610.76)  482.50 (367.10-597.90) 500.00 () 625.00 (329.42-920.58) 0471
Intraoperative colloid to 0.22 (0.17-0.27) 0.20 (0.15-0.25) 0.18 (0.10-0.27) 0.33 (0.09-0.56) 0.306

crystalloid ratio

Intraoperative hematoeril, % 060 (29.20-32.00) 20.58 (27.70-31.45) 3150 (25.15-37.85) 34.40 (30.32-38.48) 0.009 *

Lseof vasopressors/ 41 (56.90%) 36 (39.00%) 2 (50.00%) 6 (54.50%) 0.549

sympathomimctics, 7 (%)

The * symboel is used to indicalte statistical significance when comparing the group without complications to the
any flap complications group.

As seen in Table 4, patients with any flap complications had a significantly lower
plasma lymphocyte count (p = 0.001). Multivariate regression analysis revealed that an
increase in lymphocyte count decreases the incidence of all complications (OR 0.998 CI95
0.996-0.999). Patients with any flap complications had a significantly lower plasma mono-
cyte count {p = 0.021). No differences in plasma lymphocyte/monocyte ratio, plasma
albumin, and total plasma cholesterol were found in patients with any tlap complications.

Table 4. Biomarkers and nutritional systems for predicting any flap complications; data are presented
as mean (CI95), median (IQR), or count (percentage).

. Overall No Complications Any Flap Complications
Patient Group =7 iG] . p-Value
Biomarkers
Lymphocyte count 109 /L 1.59 (1.39-1.79) 1.71 (149-1.92) 0.97 (0.67-1.26) 0.001 *
Monoecyte count 10°/L 0.535 (0.48-0.62) .58 (0.51-0.66) 0.37 (0.22-0.51) 0.021*
Lymphocyte/monocyte ratio 3.46 (2.91-4.02) 3.55 (2.90-4.20) 2.97 (2.28-3.65) 0.830
Mean plasma albumin, g/dL 3.94 (3.81-4.06) 3.96 (3.84-4.09) 3.79 (3.28-4.30) 0.631
Mean total ﬂ;ﬂi cholesterol, 50 56 (185.21-207.95)  198.44 (186.43-21045)  186.73 (147.93-225.53) 0.310
Nutritional assessment systems
CONUT score 2(2) 2(3) 3(6) 0.013 %
CONUT < 2 50 (69.4%) 146 (75.4%) 4 (36.4%) 0.009 *

The * symbol is used to indicate statistical significance when comparing the group without complications to the
any flap complications group.

As seen in Tigure 1, analysis on the predictive accuracy of CONUT score of other sur-
gical complications found that CONUT score had an AUC of 0.813 {0.659-0.967, p = 0.012).
A CONUT score of »2 was found to be optimal during cut-off analysis (Sensitivity 21.1%,
Specificity 95.6%, PPV 66.7%, NPV 74.1%, p = 0.022). CONUT score of >2 increases the
odds of other flap complications (OR 5.4, CIS5 1.38-20.90, p = 0.015). Univariate regression
revealed that any increase in CONUT score increased the odds of other flap complications
(OR 1.43 1.09-1.85). Patients with any flap complications had a longer duration of hospi-
talization (13.55, 10.99-16.11 vs. 25.38, 14.82-35.93; p = 0.004). There was no difference in
duration of ICU stay between patients with flap complications and patients with no flap
complications (1.13, 0.03-2.26 vs. 1.50 1.00-2.00, p = 0.471).
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Figure 1. ROC curve characteristics of CONUT score for predicting complications in microvascular
flap surgery; receiver operator curve characteristics and area under curve of CONUT score for
predicting the presence of flap complications other than true flap loss. CONUT scores had an AUC of
0.813 (CI95 0.659-0.967, p = 0.012).

4, Discussion

The main findings of the present study were that an increase in the preoperative
CONUT index is a reliable predictor for flap complications, with a CONUT score of >2
being the optimal cut-off for predicting complication risk. Flap complications were found
to be linked to lymphocytopenia, monocytopenia, hematocrit, and obesity. The incidence of
true flap loss was 6.2%, and the incidence of other less severe complications was 9.2%. The
duration of hospitalization was significantly longer in patients who had flap complications.

Microvascular flap transplantation requires complex microvascular techniques, and
flap success relies on the function of microanastomosis and adequate flap perfusion [4].
While these are greatly specific concepts, the issue of systemic reaction to surgical trauma
and tissue healing and nutrition is just as relevant here as in other types of surgery [5].
Malnourished patients are more likely fo experience complications during and after
surgery, longer hospital stays, and a slower recovery time both in the general surgical
population [8-10] and in microvascular flap surgery [6,7]. Given the complexity of the pro-
cedure and severity of the complications, clinical prediction tools regarding nutrition risk
may be used during preoperative assessments to identify patients who may require more
extensive evaluation or preparation before surgery [6,7]. A study by Yu and co-authors
suggests that the prognostic nutritional index {PNI), a score including some of the same
parameters as CONUT, can be simply and effectively used to predict free flap failure in
extremity reconstruction [6]. Qur results indicate that an increased CONUT score signifi-
cantly increases the odds of postoperative complications. To the best of our knowledge,
no previous studies have elucidated the predictive value of CONUT in microvascular flap
surgery. However, our findings coincide with data from different surgical populations
wherein CONUT has been shown to reliably predict complications and mortality [8,19].
Additionally, our results suggest that patients with flap complications had longer hospital
stays. This coincides with previous studies that report longer hospital stays and increased
hospital costs in patients who experience free flap failure in breast and head and neck recon-
struction [20,21]. Considering that any increase in the CONUT score increases the risk of
flap complications it can also consequently lead to longer hospital stays and increased costs.
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In our study, we found CONUT > 2 to be the most optimal cut-off value, which also
coincides with some data from previous studies in other surgical populations [9,17,22].
It must be noted that we found a CONUT > 2 cut-off value to have a relatively low
sensitivity (21.1%) and a high specificity (95.6%}. These results imply that a cut-off value of
CONUT > 2 is best utilized for excluding patients who are at a low nutrition risk and low
risk of subsequent flap complications.

Interestingly, while our data showed CONUT to be a reliable predictor for flap com-
plications, it was not a reliable predictor specifically for true flap loss. This indicates that
the pathophysiology of true flap loss due to anastomosis compromise [23] may be separate
from the pathophysiology of other surgical complications in microvascular flap surgery.
Most minor complications in mierovascular flap surgery, such as wound dehiscence, infec-
tion, and fistula formation, occur due to inadequate tissue healing and regeneration [24].
These complications may be linked o undernutrition [7] instead of being a direct result
of early anastomosis compromise. Notably, even minor complications place the patient
at an increased risk of re-exploration or repeated microvascular flap transplantation [25].
Furthermore, patients receiving microvascular flap transplantation are predisposed to
difficult wound healing, both at the site of reconstruction and at the donor site [25].

Plasma lymphocyte count is a component of CONUT that may have a substantial role
in the pathophysiology of microvascular flap complications. Studies in various surgical
populations show that patients with preoperative lymphocytopenia had a significantly
higher incidence of complications compared to those with a normal lymphocyte level at
admission [5,26,27]. Lymphocyte recovery in the first postoperative days could play an
important role in the mechanisms of tissue repair, and a primary role in wound healing [28].
Monocytes are the most responsive leukocytes in response to trauma [29] and multiple
monocyte immunophenotypic alterations are observed upon surgery [30,31]. Tn contrast
to our findings, Kosec and co-authors did net find a link between preoperative monocyte
count and postoperative complications in microvascular flap surgery [5].

Multiple patient-related risk factors, including coronary artery disease, diabetes, smok-
ing, peripheral arterial vascular disease, arterial hypertension, and higher ASA score, are
related to flap failure [1]. Obesity has been deemed to be a risk factor for poor surgical out-
comes in medical care, but the majority of published studies in various surgical populations
have been uncertain [32-34]. Some previous studies found obesity to be associated with
increased perioperative risk in free abdominally based autologous breast reconstruction,
which coincides with our findings [35,36]. Conversely, multiple studies have also evidenced
that obesity does not increase the risk of postoperative complications in microvascular flap
surgery [37-39]. However, it must be noted that the presence of obesity does not exclude
the presence of double-burden malnutrition, which can also have detrimental effects on
overall health [40,41]. Furthermore, the study by Ignacio de Ulibarri and coauthors found
no relationship between BMI and undernutrition in their study population, as BMI is not
a reliable indicator for acute malnutrition [16]. Our data indicate that both obesity and
nutrition risk increase the rate of flap complications, which indicates that both conditions
should be assessed and treated to improve outcomes in microvascular flap surgery.

This study had several limitations. Firstly, given the observational nature of our
study, individual surgical, anesthesia, and nutritional management decision-making was
performed by the clinicians, and may have varied between cases. Secondly, ours was a
single-center study, which affects the possible generalizability of the findings. Notably, a
considerable part of our study population has oncology as a primary diagnosis, which likely
introduces additional confounding risk factors for surgical complications. Conversely, it
must be noted that patients with oncology as a primary diagnosis are very likely to benefit
from an assessment of nutrition risk [8,9,15,17]. It should be noted that the presence of
radiotherapy, which can present confounding facters, was not considered in this study.
Finally, it is important to note that serum albumin, which is an important item in both the
CONUT and PNI scores, is not a part of current definitions of malnutrition [42]. Therefore,
CONUT score results are considered to be indicators of nutrition risk rather than an
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assessment of nutritional status. Further studies are needed to clarify the use of nutrition
risk assessment tools to predict complications in different patient populations, and to
specify the use of specific nutritional interventions to improve outcomes in microvascular
flap surgery.

5. Conclusions

Assessment of nutritional risk to estimate the risk of microvascular Hap complications
using the CONUT score has considerable predictive value. Patients undergoing this type of
surgery can be evaluated in terms of predicting nutritional risk to optimize decision-making
in perioperative care.
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Background: Microvascular flap surgery is a widely used proce-
dure for the reconstruction of various defects. Data on laboratory
biomarkers for the prediction of flap complications are currently
limited. We aimed to investigate the link between preoperative
fibrinogen-to-albumin ratio (FAR) and various flap complications.
Methods: This prospective cohort study included 130 adult patients
who underwent elective microvascular flap surgery. Preoperative
blood samples for the analysis of plasma fibrinogen (g/L) and al-
bumin (g/L) were collected on the day of surgery before initiating
crystalloid infusion. Post-operative data on various flap complica-
tions were obtained.

Results: The overall complication rate was 17.7% with true flap
loss occurring in 5.4%. Binary logistic regression revealed that the
patients with FAR<0.08 and FAR<0.06 had increased odds of flap
hematoma or flap loss (OR 3.68 [1.04-13.03], p=0.044 and 6.01
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[1.71-21.08], p=0.005). Patients with FAR=0.10 had increased odds
of minor flap complications (OR 5.47 [1.33-22.50], p=0.019). Pa-
tients with FAR<0.06 had increased odds of any flap complica-
tions (OR 4.71 [1.27-18.03], p=0.021). Patients with FAR>0.10 also
had increased odds of any flap complications (OR 3.09 [1.08-8.81],

p=0.035), implying a U-shaped link.
Conclusions:  Assessment of FAR to estimate the risk of com-
plications has considerable predictive value in microvascular flap
surgery. Patients undergoing this surgery can be evaluated to pre-
dict their nutrition and coagulation risks and optimize decision-

making in their perioperative care.

© 2025 The Author(s). Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Microvascular flap surgery is a complex procedure commonly used in reconstructive surgery to
repair or replace damaged tissues, often following trauma, cancer resection, or preceding defects. Al-
though significant progress has been made toward improving outcomes in microvascular flap surgery,
flap loss continues to occur.! Flap thrombosis, flap hematoma, and subsequent flap loss are the most
severe major surgical complications.2 Minor complications, such as problematic and delayed healing,
wound dehiscence, infection, fistula, and donor site problems can also have a negative impact on
patient recovery.” Even though microvascular flap transplantation relies greatly on specific surgical
concepts, the issue of systemic inflammation, hemostasis, and the rheological properties of blood are
highly relevant.* These complex interactions between the flap and patient’s various systemic charac-
teristics may open new avenues for preoperative risk assessment.> Multiple studies have proposed the
in-depth analysis of preoperative biomarkers to predict complications in microvascular flap surgery.’-®
Using laboratory biomarkers for screening and assessing flap complication risk is convenient and rea-
sonable as laboratory evaluation is routinely performed for preoperative assessment.” Furthermore,
reduced blood albumin levels are associated with higher levels of proinflammatory mediators and
poor tissue regeneration.® High fibrinogen is also linked to tissue inflammation and repair® and is
frequently used as a predictor of complications for numerous clinical manifestations.®>'? Although in-
dividual laboratory measures of various biomarkers can predict surgical complications and patient
outcomes,? 10 recent studies demonstrated the improved predictive capacity of the combined mea-
sures.'’'? The fibrinogen-to-albumin ratio (FAR) is a novel combined measurement that has displayed
satisfactory post-operative outcome assessment ability in different surgical populations.'’-"* The FAR
may be considered as an indicator of the balance between procoagulant and anticoagulant factors, as
well as the inflammatory state in the body.”” Using FAR has been suggested in other surgical popu-
lations'6:17; however, the specific use of FAR in the context of microvascular flap surgery is yet to be
elucidated. The purpose of this study was to assess the predictive value of FAR in predicting compli-
cations in elective microvascular flap surgery.

Materials and Methods
Patient selection

This prospective cohort study included 130 patients undergoing elective microvascular flap trans-
plantation surgery at the Riga East University Hospital from the October 1, 2021 to January 31, 2024.
The study was observational in nature, all surgical, anesthesia, and perioperative care decisions were
made by a multidisciplinary team of attending physicians. The inclusion criteria were adult patients

415

Downloaded for Anonymous User (n/a) at Riga Stradin$ University [rom ClinicalKey.com by Elsevier on April 14,
2026. For personal use only. No other uses without permission, Copyright €2026. Elsevier Inc. All rights reserved.

94



Annex 3 continued

R.P. Rocans, J. Zarins, E. Bine et al. JPRAS Open 44 (2025) 414-423

undergoing elective microvascular flap transplantation. The exclusion criteria were liver failure, kid-
ney failure, disseminated tumor metastasis; preoperative neoadjuvant treatment (radiotherapy and
chemotherapy); multiple concomitant malignancies; incomplete data; sepsis or severe systemic bacte-
rial infection; autoimmune disorders; blood-borne viral infections (Hepatitis B, Hepatitis C, and HIV);
pregnant patients and lactating women; or patients with congenital coagulation disorder.

Surgical protocol

The selection of flap type was based on the defect characteristics, pedicle length, patient posi-
tioning during surgery, patient body mass index (BMI), and body fat distribution. All operations were
performed by a team of experienced surgeons, The following flap types were used in the study: an-
terolateral thigh flap; fibular flap; deep inferior epigastric artery perforator flap; radial free forearm
flap, gracilis muscle flap, temporal artery flap, serratus anterior flap, and latissimus dorsi flap. Attend-
ing surgeons closely monitored the microvascular flap for the first 3-5 post-operative days. Clinical
assessment of the flap color, temperature, tissue turgor, and capillary refill was used to monitor flap
patency. In all cases of early flap loss, urgent surgical re-exploration was performed.

Anesthesia protocol

All patients received general anesthesia with monitoring of electrocardiography, pulse oximetry,
blood pressure, end-tidal carbon dioxide concentration, body temperature, and diuresis. Fentanyl
(Fentanyl-Kalceks® 0.05 mg/ml, A/S Kalceks, Riga, Latvia) 1.5-2 nug/kg and propofol (Propofol® 10
mg/ml, Fresenius Kabi AG, Bad Homburg, Germany) 1-2 mg/kg were used intravenously for induc-
tion. General anesthesia was maintained using sevoflurane (Sevorane®, AbbVie S.rl, Campoverde,
ltaly), and intraoperative analgesia was provided with fentanyl 1-1.5 pg/kg/h. Cisatracurium (Nimbex
2 mg/ml, Aspen Pharma Ltd, Dublin, Ireland) 0.15 mg/kg iv was used for intubation, followed by a con-
tinuous infusion of 1-2 pgfkg/min, Crystalloid (RiLac, B. Braun Melsungen AG, Melsungen, Germany)
was administered at a rate of 3.0 to 6.0 ml/kg iv per hour during surgery and was adjusted according
to the urine output by the anesthesiologist. Vasopressors were administered when the mean arte-
rial blood pressure was <65 mmHg for more than 5 min. Colloid fluid (Gelofusine, B. Braun Melsun-
gen AG, Melsungen, Germany) was administered if indicated by the anesthesiologist, Peripheral nerve
blocks were performed when applicable. Patients with excessive blood loss or those with hemoglobin
<7 gfdl received blood product transfusions. Post-operatively, patients were monitored for vital signs,
supportive treatment, and pain management in the post-anesthesia care unit. Post-operative thrombo-
prophylaxis was provided with 40 mg of enoxaparin (Clexane®, Sanofi-Aventis S.A., Barcelona, Spain)
once daily starting on the first post-operative day.

Data collection

Blood samples were obtained on the day of surgery immediately upon the first arrival in the oper-
ating room before initiation of the first crystalloid infusion. Full blood count analysis was performed
using the XN-1500 system (Sysmex Europe SE, Norderstedt, Germany). Concentrations of albumin
were analyzed using the colorimetric method (Cobas C, RochefHitachi, Manheim, Germany). Concen-
trations of fibrinogen were analyzed using the CS 5100 system (Sysmex Corporation, Kobe, Japan). FAR
was defined as the proportion of the plasma fibrinogen (g/l) to the plasma albumin level (g/l). The
written and electronic health records were used to obtain information on the patient's demaograph-
ics, flap type, location and duration of surgery, comorbidities, anesthesia and post-operative care, flap
and donor site outcomes, duration of intensive care unit stay, and duration of hospitalization. All data
collection was performed according to a previously defined protocol.

Definitions

True flap loss was defined as the impairment of flap blood supply due to any arterial or venous
anastomosis dysfunction. Flap hematoma or loss was defined as the presence of either hematoma cr
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true flap loss. Minor flap complications were defined as the presence of flap wound infection, slow or
incomplete flap wound healing, and partial flap loss. Partial flap loss was defined as distal necrosis of
flap margins with no anastomosis dysfunction. Any flap complication was defined as the presence of
either true flap loss, flap hematoma, or minor flap complications. Gracilis muscle flap, temporal artery
flap, serratus anterior flap, or latissimus dorsi flap were categorized as other flap types. Duration of
hospitalization was defined as the time between admission to the hospital and discharge. Duration of
intensive care unit (ICU) stay was defined as the time between admission to the ICU and discharge
to the ward. Complication predictability index (low, moderate, and high risk) was calculated based
on the defect etiology and presence of coronary heart disease, diabetes, smoking, peripheral arterial
vascular disease, and arterial hypertension.'®

Ethics

The study protocol and the informed consent form were approved by the Science Department of
the Riga East University Hospital (Approval Number Nr.AP/08-08/22/135) and by the Ethics Committee
of Riga Stradind University (Approval Number 22-2/399/2021).

Statistical analysis

Statistical analysis was performed using SPSS Statistics for Windows, Version 26.0. (IBM Corp. Ar-
monk, NY, USA). The Kolmogorov-Smirnov test was used to evaluate whether the datasets conformed
to a normal distribution. Continuous variables conforming to normal distribution were presented as
mean and CI95. Differences in data distribution between the groups were evaluated using the Mann-
Whitney U test for non-parametric datasets and two-sample t-test or one-way analysis of variance for
datasets conforming with normal distribution. Correlation between parameters was investigated using
the Spearman rank correlation test for non-parametric datasets. The Chi-squared and Fisher's exact
tests were applied for nominal variable sets. Binary logistic regression models were used to obtain
odds ratios for specific variables. Statistical significance was assumed if two-tailed p<0.05.

Results

In total, 130 patients—69 (53.1%) men and 61 (46.9%) women—were included. The mean age was
56.5 years (95% CI195 53.9-59.1). The overall complication rate was 17.7% (N=23). True flap loss with
vascular compromise occurred in 5.4% (N=7) with 3 of these cases being late flap loss (=72 h). All 4
cases of early true flap loss underwent urgent anastomosis revision. Two cases of late flap loss under-
went repeated microvascular flap transplantation, and 1 case underwent necrectomy and reconstruc-
tion with a regional flap. Other flap complications occurred in 16 cases (12.3%), with flap hematoma
occurring in 5 cases.

No significant differences in age or gender distribution were noted in patients with any flap com-
plications and in patients without complications (Table 1). No significant differences in the rates of
true flap failure or any flap complications were found between different areas of reconstruction. Mul-
tiple logistic regression analysis revealed that using other flap types increased the odds of any flap
complications {OR 5.23 [1.86-14.70], p=0.002). No significant differences in true flap failure or any
flap complications were found between different indications for reconstruction. Among the included
comorbidities, obesity was found to be common in patients with any flap complications {p=0.028).
Patients with high complication probability index had increased rates of true flap loss (p<0.001) and
any flap complications (p=0.011).

Higher intraoperative hematocrit was associated with flap complications, with the highest intra-
operative hematocrit found in cases with subsequent true flap loss (p=0.032; Table 1). No significant
links were found between other perioperative factors and the rate of flap complications. Patients with
any flap complications had a longer duration of hospitalization (13.72 [11.79-16.15] vs. 23.83 [16.92-
30.75], p=0.001). There was no difference in the duration of ICU stay between patients with any flap
complications and patients with no flap complications (1.17 [0.23-2.10] vs. 1.46 [0.96-1.96], p=0.537).
FAR was positively correlated with the duration of hospitalization (r=0.422, p<0.001).
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Table 1
Demographic Characteristics, Perioperative Considerations, and Comorbidities
Patient group Overall No True flap loss Any flap p - value
N = 130 complications N =7 complications
N = 107 N =123
Demographical data
Mean age, years 56.5(53.9-59.1) 57.1 50.1 50.6 0.123
(54.4-59.8) (45.9-55.5) (47.7-53.1)
Women, n (%) 61 (46.9%) 54 (50.5%) 2 (28.6%) 8 (34.7%) 0.109
Area of reconstruction
Extremity, n (%) 28 (21.5%) 20 (18.7%) 2 (28.6%) 8 (34.8%) 0.217
ENT, n (%) 59 (45.4%) 0 (46.7%) 3 (42.9%) 9 (39.1%) 0.795
Head and Neck, n (%) 24 (18.5%) 1 (19.6%) 1(14.3%) 3 (13.0%) 0.731
Breast, n (%) 19 (14.6%) 16 (15.0%) 1 (14.3%) 3(13.0%) 0.972
Microvascular flap type
ALT, (%) 61 (46.9%) 55 (51.4%) 2 (28.6%) 6 (26.1%) 0.055
Fibular flap, (%) 12 (9.2%) 8 (7.5%) 2 (28.6%) 4 (17.4%) 0.093
DIEP, n (%) 15 (11.5%) 13 (12.2%) - 2 (8.7%) 0.639
Radial artery flap, n (%) 9 (6.9%) 9 (8.4%) - - -
Other, n (%) 33 (25.4%) 22 (20.6%) 3 (42.9%) 11 (47.8%) 0.015
Indication for surgery
Trauma, 1 (%) 10 (7.7%) 8 (7.5%) - 2 (8.7%) 0.843
Oncology, n (%) 84 (64.6%) 72 (67.3%) 4 (57.1%) 12 (52.2%) 0.360
Defect, n (%) 23 (17.7%) 18 (16.8%) 3 (429%) 5 (21.7%) 0.220
Infection, n (%) 13 (10.0%) 9 (8.4%) = 4 (17.4%) 0.195
Comorbidities
Coronary artery disease, n (%) 9 (6.9%) 7 {6.5%) 1(14.3%) (8.7%) 0.872
Diabetes mellitus, n (%) 8 (6.2%) 6 (5.6%) - (8 7%) 0.578
Hypertension, n (%) 35 (26.9%) 27 (25.2%) 3 (42.8%) 8 (34.7%) 0427
Dyslipidemia, n (%) 20 (15.4%) 14 (13.1%) 1(14.3%) 6 (26.1%) 0.624
smoking history, n (%) 18 (13.8.1%) 14 (13.1%) 1(143%) (17 4%) 0.863
Obesity (BMI=30 kgfm?), n (%) 15 (11.5%) 9 (8.4%) 2 (28.6%) (26.1%) 0.028
Cerebrovascular accident, n (%) 6 (4.6%) 6 (5.6%) - - -
Complication predictability index
Low risk () 74 (56.9%) 62 (57.9%) 2 (28.5%) 10 (43.5%) 0.172
Moderate risk () 56 (43.1%) 43 (40.2%) 3 (43.0%) 10 (43.5%) 0.952
High risk () 7 (5.4%) 2(1.9%) 2 (28.5%) 3(13.0%) 0.001
Anesthesia and Surgical factors
Duration of surgery, h 6.25 6.35 7.25 579 0.324
[5.74-6.76) (5.76-6.94) (6.11-8.39) (4.67-6.91)
Volume of intracperative crystalloid, ml  2346.97 2340.74 2875.00 2375.00 0.845
(2190.41- (2167.75- (1681.58- (1943.96-
2450.00) 2513.74) 4068.42) 2086.04)
Volume of intraoperative colloid, ml 507.58 481.48 500.00 (-) 625.00 0.564
(426.18- (390.71- (427.53-
588.77) 572.25) 822.46)
Intraoperative colloid to crystalloid ratio 0,22 0.20 0.22 0.30 0.364
(0.18-0.26) (0.16-0.24) (0.12-0.32) (0.15-0.44)
Intraoperative hematocrit, % 30.94 31.02 33.00 30.55 0.032
(29.69-32.20)  (29.66-32.38)  (29.33-36.67)  (26.58-34.538)
Use of vasopressors/sympathomimetics, 67 (51.54%) 51 (47.66%) 5 (71.43%) 16 (69.56%) 0.095
n (%)

Data are presented as mean (CI95) or count (percentage); Abbreviations - BMI (body mass index); ENT {ear, nose, and throat
surgery); DIEP (deep inferior epigastric artery perforator flap); ALT (anterclateral thigh flap).

Patients with any flap complications had a significantly lower plasma lymphocyte count (p=0.001)
and significantly lower mean plasma albumin (p=0.045; Table 2). Multiple logistic regression anal-
ysis revealed that increased lymphocyte count decreases the odds of any flap complications (OR
0.39 [0.17-0.92], p=0.031). Upon further analysis of the specific complication groups, patients with
flap hematoma or flap loss had a lower mean fibrinogen than patients with no complications (2.75
[1.84-3.67] vs. 3.44 [3.25-3.64], p=0.014). Patients with minor flap complications had a significantly
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Table 2
Biomarkers for predicting flap complications
Patient group Overall No complications  True flap loss Any flap p-value
N =130 N = 107 N=7 complications
N =23
Biomarkers
Leukocyte count 107/l 6.31 (5.89-6.73) 6.42 (5.94-6.91) 6.16 (2.64-9.70) 5.77 (4.99-6.55) 0.379
Lymphocyte count 10%]1 1.65 (1.52-1.77) 1.71 {1.58-1.84) 1.56 (0.43-2.71) 1.36 (1.08-1.63) 0.018
Red blood cell count 10%/1 4.08 (3.97-4.19) 4.08 {3.96-4.19) 4.24 (3.35-5.12) 4.10 (3.77-4.43) 0.717
Platelet count 10%1 24497 244.00 202.00 249.52 0.770
(230.81-259.14) (228.21-259.79) (148.94-255.05) {214.99-284.04)
Hemoglobin g/dl 12.31 12.31 13.06 12.30 0.632
(11.99-12.64) (11.97-12.66) (10.44-15.68) (11.34-13.27)
Mean plasma albumin, g/l 38.90 39.34 41.16 36.91 0.045
(38.12-39.69) (38.54-40.14) (34.67-47.65) (34.50-39.32)
Mean plasma fibrinogen, g/l  3.47 (3.27-3.66) 3.44 (3.25-3.64) 2.66 (1.65-3.68) 3.58 (2.98-4.18) 0.892
Fibrinogen-to-albumin ratio  0.09 (0.08-0.10)  0.09 {0.08-0.10)  0.09 (0.05-0.13)  0.11 (0.09-0.14} 0.016

Data are presented as mean (CI95).
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Figure 1, Association between the fibrinogen-to-albumin ratio (FAR) and flap complication groups at various cutoff levels,
Logistic regression analysis of the association between FAR at different cutoff levels and flap hematoma, flap loss, or minor
flap complications. Patients with FAR=0.08 and FAR=0.06 had increased odds of flap hematoma or flap loss (OR 3.68 [1.04-
13.03], p=0.044 and 6.01 [1.71-21.08], p=0.005). Patients with FAR=-0.10 had increased odds of minor flap complications (OR
5.47 [1.33-22.50], p=0.019).

higher plasma fibrinogen than patients with no flap complications (4.19 [3.41-4.98] vs. 3.44 [3.25-
3.64], p=0.043). Patients with minor flap complications had lower mean albumin levels than patients
with no complications (33.30 [30.18-36.42] vs. 39.34 [38.12-39.69], p<0.001). No difference in plasma
albumin level was found between patients with flap hematoma or flap loss and patients with no
complications (p=0.394). Increased FAR was specifically linked to minor flap complications when com-
pared to patients with no flap complications {0.12 [0.09-0.15] vs. 0.09 [0.08-0.10], p=0.002). Decreased
FAR was in turn specifically linked to flap loss or flap hematoma when compared to patients with no
flap complications (0.07 [0.04-0.09] vs. 0.09 [0.08-0.10], p=0.046).

Logistic regression analysis revealed the association between FAR and various flap complications
at various cutoff levels (Figure 1). Patients with FAR<0.08 and FAR<0.06 had increased odds of flap
hematoma or flap loss (OR 3.68 [1.04-13.03], p=0.044 and 6.01 [1.71-21.08], p=0.005). Patients with
FAR=0.08 had decreased odds of flap hematoma and flap loss (OR 0.22 [0.08-0.96], p=0.044). Patients
with FAR>0.10 had increased odds of minor flap complications (OR 5.47 [1.33-22.50], p=0.019).

After adjustment for lymphocyte count and the presence of other flap types, multiple logistic re-
gression analysis revealed that patients with FAR<0.06 had increased odds of any flap complications
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Figure 2. U-shaped association between fibrinogen-to-albumin ratio (FAR) and any flap complications.

Multiple logistic regression analysis of the association between FAR and any flap complications at different cut-off levels. Mul-
tiple logistic regression analysis adjusted for lymphocyte count and the presence of other flap types. Patients with FAR=0.06
had increased odds of any flap complications (OR 4.71 [1.27-18.03], p=0.021). Patients with FAR=0.10 also had increased odds
of any flap complications (OR 3.09 [1.08-8.81], p=0.035).

(OR 4.71 [1.27-18.03], p=0.021; Figure 2). Patients with FAR>0.10 alsc had increased odds of any flap
complications (OR 3.09 [1.08-8.81], p=0.035).

Discussion

The main findings of the present study were that increased and decreased preoperative FAR is a
predictor for flap complications, implying a U-shaped association. Decreased FAR is a predictor for
flap hematoma or flap loss and an increased FAR is a predictor for minor flap complications. FAR was
positively linked to the duration of hospitalization. Flap complications were also found to be linked to
low lymphocyte count, high intraoperative hematocrit, obesity, high complication probability index,
and the use of other flap types. The overall complication rate was 17.7%. True flap loss occurred in
5.4%. Duration of hospitalization was significantly longer in patients with flap complications.

The literature currently available on microvascular flap surgery highlights the importance of a thor-
ough risk assessment that goes beyond established measurements.”>'"-'® The link between increased
plasma fibrinogen and decreased plasma albumin in patients with flap complications is consistent
with the findings from studies that highlight the role of inflammatory and coagulation markers in
predicting the adverse outcomes in various surgical settings.*5:1

Plasma albumin is frequently evaluated and corrected prior to surgical procedures to promote tis-
sue healing and improve results.'* Qur results revealed a link between low plasma albumin levels and
increased risk of minor surgical complications. According to several previous studies, lower preoper-
ative albumin levels are related to a higher incidence of surgical complications.”® Reduced albumin
levels may limit the efficiency of the inflammatory response and hinder the healing process, resulting
in delayed or incomplete wound closure.' Previous studies have linked low plasma albumin as an in-
dicator of malnutrition risk, which increases the rate of complications in microvascular flap surgery.”-®
Albumin is also crucial for maintaining oncotic pressure and fluid balance inside the tissues?” and its
deficiency might lead to insufficient perfusion and oxygenation of the flaps, resulting in flap compli-
cations.?! Chronic inflammation and hypoalbuminemia are present in double burden malnutrition??
which is also associated with flap complications.®

Fibrinogen, a key component of the coagulation cascade, plays a varied role in the complex pro-
cesses of wound healing and tissue regeneration.® In our study, we found that patients with mi-
nor flap complications had significantly higher plasma fibrinogen levels, whereas patients with flap
hematoma or flap loss had lower plasma fibrinogen levels. Studies have shown that variations in fib-
rinogen levels have a significant impact on the success of flap surgery, with hypofibrinogenemia?’
and hyperfibrinogenemia®* being linked to flap complications. Low fibrinogen levels can impair the
formation of a strong hemostatic clot, predisposing patients to increased bleeding and a higher risk
of flap failure.'® Conversely, increased fibrinogen might be associated with increased microvascular
flap thrombosis incidence rate’* and is linked to acute” and chronic?® inflammation which has been
proven to be detrimental to flap success.26
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Intriguingly, we found FAR to have a U-shaped association with flap complications. Patients with
FAR>0.13 had increased odds of complications, and detailed analysis revealed that increased FAR was
specifically linked to minor flap complications. Numerous previous studies have indicated a link be-
tween elevated FAR and the presence of complications in various surgical populations.'®'6 The pat-
tern of increased fibrinogen and decreased albumin coincides with chronic inflammation?”-?% and de-
creased albumin is an indicator of malnutrition risk.2 Malnutrition®'® and inflammation® have been
shown to be detrimental for cutcomes in free flap surgery. Moreover, the presence of malnutrition
risk is specifically predictive of minor surgical complications,® which coincides with our results.

All reviewed articles on FAR in other surgical populations point to poor outcomes in high FAR pa-
tients.""'%17 Surprisingly, our study found that patients with FAR<0.05 also had a higher risk of flap
complications, more specifically, flap hematoma or true flap loss. This indicates that the pathophysi-
ology of true flap loss or hematoma is separate from the pathophysiology of minor surgical complica-
tions in microvascular flap surgery?! and therefore may have separate interaction with FAR. Among all
reviewed articles, only one study revealed similar patterns of pathophysiology, showing that hypoal-
buminemia increases the risk of minor surgical complications, but has no impact on flap thrombosis
or bleeding.’! Low FAR states may be indicative of coagulopathy as low fibrinogen has been shown
to increase the rates of bleeding in microvascular flap surgery.?> Furthermore, increased albumin has
been shown to have anticoagulant effects in experimental settings.’?> Moreover, albumin-induced co-
agulopathy has been shown to be effectively reversed by the addition of fibrinogen concentrate.®
These aforementioned studies, while not evaluating FAR directly, may explain the pathophysiological
link between low FAR and increased rates of bleeding.

The cutoff values of FAR in microvascular surgery requires further elucidation. Studies in other
surgical populations show that FAR is highly dependent on the underlying diseases and indications
of surgery.!*16 Nevertheless, our study showed the potential application of FAR in preoperative risk
assessment for microvascular flap surgery and outlined the different patterns of flap complication
pathophysiology.

This study had some limitations. First, the single-center design prevents generalizability across
populations and may have institutional bias. Second, although our sample size of 130 individuals was
adequate for the current analysis, it may not have adequately captured the diversity of clinical cir-
cumstances or potential effects of subgroups within the study population. Several of our patients had
malignancy as their primary indication for surgery and FAR is linked to overall poor prognosis in pa-
tients with cancer,'” which could affect our results. Furthermore, our study focused on the predictive
advantage of FAR rather than directly comparing it to other acknowledged biomarkers. Future research
should strive to build on these findings by including multicenter designs, investigating subgroup ef-
fects, and using experimental approaches to improve our understanding of the relevance of FAR in
different clinical settings.

Conclusions

Preoperative FAR has a U-shaped relationship with complications in microvascular flap surgery.
Low FAR has considerable predictive value in case of minor flap complications whereas high FAR
is predictive of flap hematoma and true flap loss. These findings enhance our understanding of
the pathophysiological patterns associated with microvascular flap complications and may improve
decision-making in perioperative care.
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Abstract: Background: Microvascular flap surgery has become a routine option for defect correction.
The role of von Willebrand factor antigen (VWF:Ag) in the pathophysiology of flap complications is
not fully understood. We aim to investigate the predictive value of VWF:Ag for microvascular flap
complications and explore the relationship between chronic inflammation and VWF:Ag. Methods: This
prospective cohort study included 88 adult patients undergoing elective microvascular flap surgery.
Preoperative blood draws were collected on the day of surgery before initiation of crystalloids. The
plasma concentration of VWE:Ag as well as albumin, neutrophil-to-lymphocyte ratio (NLR), interleukin-
6, and fibrinogen were determined. Results: The overall complication rate was 27.3%, and true flap
loss occurred in 11.4%. VWF:Ag levels were higher in true flap loss when compared to patients
without complications {217.94 TU/d1. [137.27-298.45] vs. 114.14 [95.67-132.71], p = 0.001). Regression
analysis revealed the association between VWF:Ag and true flap loss at the cutoff of 163.73 ITU/dL
(OR 70.22 [10.74-485.28], p = 0.043). Increased VWF:Ag concentrations were linked to increases in plasma
fibrinogen (p < .001), C-reactive protein (p < 0.001), interleukin-6 (p = 0.032), and NLR {p = 0.019).
Conclusions: Preoperative plasma VWF:Ag concentration is linked to biomarkers of inflammation and
may be valuable in predicting complications in microvascular flap surgery.

Keywords: von Willebrand factor antigen; neutrophil-to-lymphocyte ratio; flap loss; microvascular
flap complications; microvascular flap thrombosis; reconstructive surgery

1. Introduction

Microvascular flap surgery has become a routine option for the correction of vari-
ous defects during the past decades. Despite improvements in surgical reconstructive
techniques, flap loss still occurs, and the rate of flap loss varies from 6 to 10% [1-3]. The
success of microvascular flaps depends on a multitude of variables, including technical
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factors, blood rheology, and coagulogy, as well as patient comorbidities [4]. Many recent
studies have outlined the use of preoperative biomarkers to predict complications in mi-
crovascular flap surgery [5,6]. There is potential to improve perioperative care, assess
the risk of flap loss, and understand the pathophysiology of microvascular flap problems
through the use of laberatory biomarkers [5]. In recent studies, ditferent patterns of patho-
physiology for distinct complications have been outlined [7]. For example, secondary flap
complications have been associated with the risk of malnutrition [8,9] as well as chronic in-
flammation [8-10]. The main biomarkers of chronic inflammation that have been associated
with flap complications are low albumin [9,11], increased C-reactive protein (CRP) [12],
and increased neutrophil-to-lymphocyte ratio (NLR) [13]. Given the pathophysiological
distinctions between secondary flap complications and flap thrombosis, the exact role of
chronic inflammation in the pathophysiology of flap thrombosis is not fully understood.
True flap loss has been associated with increased fibrinogen [14,15], von Willebrand factor
(VWE) function [15], and VWF antigen [15-17]. Elevated levels of VWF antigen have been
linked to a variety of thrombotic conditions [15-19], suggesting that it could be used as
a thrombosis marker in reconstructive surgery [15-17]. Previous studies indicate a com-
plex interaction between VWF and inflammatory biomarkers in the context of thrombotic
events [18-20]. Elevated VWF antigen levels can be caused by endothelial damage or
inflammation [18,19], both of which often occur during surgery [16]. VWE once released,
can bind to platelets and collagen, causing platelet adhesion and aggregation at the injury
site [20]. Specifically, for microvascular flap surgery, the study by Handschel et al. [15]
and the case report by Rothweiler et al. [16] indicate a significant impact of VWF antigen
concentration on true flap loss. Moreover, the relationship between elevated VWT antigen
and other risk factors associated with the underlying indications for reconstruction, as well
as chronic inflammation, is not fully understood [21]. 1t is also uncertain how VWF antigen
concentrations, minor flap complication, and true flap loss are related to one another [15].
CRP [22] and interleukin-6 (IL.-6) [23] levels are also considerably elevated during surgery,
indicating an inflammatory response that may influence thrombus formation. Specifically
for microvascular flap surgery, Du et al. found elevated VWF antigen and CRP levels
postoperatively after flap venous crisis in animal models [17]. The aim of this study is to
determine the predictive value of VWT antigen for microvascular flap complications and to
investigate the relationship between chronic inflammation and increased VWEF antigen in
various complication types.

2. Materials and Methods
2.1. Patient Selection, Perioperative Considerations and Outcome Definitions

This prospective observational cohort study included 88 patients undergoing elective
microvascular flap transplantation surgery at Riga East University Hospital from 1 October 2021
to 31 March 2024. The study protocol and the informed consent form were approved by the
Science Department of Riga East University hospital (Approval Number Nr.AP/08-08/22/135)
and by the Ethics Committee of Riga Stradins University (Approval Number 22-2/399/2021).
The study included adult patients undergoing elective microvascular flap transplantation. The
study excluded patients with severe chronic liver or kidney diseases, with cardiovascular
and autoimmune diseases, patients with pre-existing coagulopathies or any clotting and
bleeding disorders, patients with inherited or acquired von Willebrand disease, patients
receiving hormonal contraception or estrogen therapy, patients after recent thrombotic or
thrombeoembolic events, patients currently taking anticoagulants or antiplatelet agents,
patients with active systemic infections or inflammatory conditions, pregnant patients
and patients during the lactation period, and children under the age of 18. Patients with
medication-related osteonecrosis of the jaw, osteoradionecrosis of the jaw, and recent
radiotherapy were excluded from the study. Patients with missing or incomplete data were
also excluded. The type of flap was chosen based on the type of defect, the length of the
pedicle, the positioning during surgery, the body mass index (BMI), and the composition
of the patient. Preoperative evaluation, general anesthesia, and postoperative care were
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provided by a team of experienced attending anesthesiologists. The following flap types
were used in the study: anterolateral thigh flap, fibular flap, deep inferior epigastric
artery perforator flap, radial free forearm flap, gracilis muscle flap, temporal artery flap,
serratus anterior flap, and latissimus dorsi flap. The surgical team closely monitored the
microvascular flap for the first 5-7 postoperative days. To monitor flap patency, a clinical
assessment of flap color, temperature, tissue turgor, and capillary refill were used. Trauma
patients who were operated upon within 30 days of injury were denoted early surgery,
and patients who were operated upon later than 30 days from injury were denoted late
surgery [21]. True flap loss was defined as the impairment of flap blood supply due to
anastomosis dysfunction or thrombosis that leads to a complete loss of the transposed flap.
Flap hematoma was defined as the presence of a hematoma adjacent to the flap recipient
site without interfering with the flap blood supply. Minor flap complications were defined
as the presence of flap wound infection, slow or difficult flap wound healing, marginal flap
necrosis, or difficult healing at the donor site. All flap complications were defined as the
presence of either true flap loss, flap hematoma or minor flap complications. In all cases of
true flap loss, urgent surgical re-exploration was performed.

2.2, General Patient Data, Sample Collection, and Laboratory Analysis

General patient data collection was performed according to a previously defined pro-
tocol. Written and electronic health records were used to obtain information on the demo-
graphic characteristics of the patient, the flap type, the indication for surgery, the recipient
location, the duration of surgery, the blood type, perioperative care, and surgical outcomes.
Blood draws were obtained on the day of surgery immediately upon the first arrival in the
operating room prior to the initiation of the first crystalloid infusion. Full blood count analysis
was performed using the XN-1500 system (Sysmex Furope ST, Norderstedt, Germany). Albu-
min concentrations were analyzed using the colorimetric method (Cobas C, Roche /Hitachi,
Mannheim, Germany). Bilirubin concentrations were analyzed using the colorimetric method
{Cobas C, Roche/Hitachi, Mannheim, Germany). Interleukin-6 concentrations were analyzed
by electrochemiluminescence immunoassay (ECLIA) (Cobas e, Roche /Hitachi, Mannheim,
Germany). CRFP concentrations were analyzed using the method of immunoturbidimetry
{Cobas C, Roche/Hitachi, Mannheim, Germany). The fibrinogen concentrations were ana-
lyzed using the CS 5100 system (Sysmex Corporation, Kobe, Japan). The albumin-bilirubin
score was calculated using the following formula: albumin-bilirubin score = (log10 bilirubin
[umol/L] x 0.66) + (albumin [g/L] x —0.0852) [24]. The NLR was defined as the proportion
of neutrophil count (count/mm?) and lymphocyte count {count/mm?). All full blood count
and clinical chemistry analyses were performed in a clinical laboratory within 8 h after blood
draw. All blood samples for VWEF antigen analysis were stored within 6 h from blood draw.
Prior to storage, blood samples for VWF antigen analysis (collected in citrate tubes) were
spun at 3500 /g for 10 min. Plasma samples were then stored at — 80 °C until analysis.
VWEF antigen analysis was performed after a single thaw using the human von Willebrand
factor ELISA kit according to the manufacturer’s protocol from Abcam (Cambridge, United
Kingdom). All reagents, working standards, and samples were prepared as directed in
the product protocol datasheet. The assay was performed at room temperature (20-25 °C)
according to the manufacturer’s protocol. The absorbance was read on a Varioskan Lux
microplate reader (Thermo Fisher Scientific, Waltham, MA, USA) at a wavelength of 450 nm
immediately after the stop solution was added. The obtained readings were grouped for
further statistical analysis.

2.3. Statistical Analysis

Statistical analysis was performed using SPSS Statistics for Windows, Version 26.0.
(IBM Corp. Armonk, NY, USA) and data visualization. GraphPad Prism version 5.03
{CGraphPad Software Inc., Palo Alto, CA, USA) was used to present the data graphically.
The normality of all variables was tested with visual inspection of the Q-Q plot. The
Kolmogorov-Smirnov test was alse used to assess whether the datasets conformed to a
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normal distribution. The Chi-square test and Fisher’s exact test were applied to nominal
variable sets. Differences in data distribution between the two groups were evaluated
using the Mann-Whitney U test for non-parametric datasets and the two-sample i-test
for datasets conforming to the normal distribution. Spearman’s tho was used to evaluate
correlations between two non-parametric variables. Data sets for 11-6, CREL, fibrinogen, and
NLRwere divided into four quartiles. The data distribution differences in VWF antigen
were further compared between quartiles using the Kruskal-Wallis H test. Youden’s index
{YT) and the concordance probability method (CZ) were used to define optimal cut-off
values [25]. Binary logistic regression models were used to obtain odds ratios for specific
variables. Continuous variables that conform to normal distribution were presented as a
mean and CI95. Statistical significance was assumed if two-tailed p < 0.05.

3. Results

In total, 88 patients were included, 43 (48.9%) men and 45 (51.1%) women. The
mean age was 57.9 years (95% CI95 54.8-61.0). The overall rate of complication was 27.3%
(n = 24). True flap loss with vascular compromise occurred in 11.4% (# = 10), with 4 of
these cases being late flap loss (>72 h). Minor flap complications occurred in 10 cases
(11.4%), and flap hematoma occurred in 4 (4.5%) cases. All the cases of early true flap loss
underwent urgent anastomosis revision. Three cases of late flap loss underwent repeated
microvascular flap surgery, and one case underwent necrectomy and reconstruction with
a rotated local flap. One patient received intraoperative hemotransfusion, while three
patients received hemotransfusion during the early postoperative period. There was no
significant relationship between the presence of hemotransfusion and VWF antigen levels.

As depicted in Table 1, there were no significant distinctions in age or gender distribu-
tion between the patients with flap complications and the patients without complications.
No significant differences in the rates of any flap complications were found between
different areas of reconstruction, indications for surgery, or the flap type used.

Table 1. Demographic characteristics, perioperative considerations, comorbidities and laboratory
results; data are presented as mean (95% CI) or count (percentage); abbreviations—ENT {ear, nose,
and throat surgery); ALT (anterolateral thigh flap); DIEP (deep inferior epigastric artery perforator
flap); NLR {neutrophil-to-lymphocyte ratio); CRP (C-reactive protein); VWF (von Willebrand factor).

Overall No Complications Any Flap Complications

Patient Group =88 = 61 w=24 p-Value
Demographic data
Mean age, years 57.9 (54.8-61.0) 57.1 {(54.4-59.8) 50.6 (47.7-53.1) 0.204
Women, # (%) 45 (51.1%) 31 (48.4%) 10 (41.67%) 0.271
Location
Extremity, 1 (%) 18 (20.5%) 12 (18.8%) 6 (25.0%) 0.603
ENT, n (%) 40 (45.5%) 30 (46.9%) 10 (41.7%) 0.787
Head and neck, n (%) 17 (19.3%;) 12 (18.8%) 5 (20.8%) 0.857
Breast, n (%) 13 (14.8%) 10 (15.6%) 3(12.5%) 0.750
Flap type
ALT, (%) 40 (45.5%) 33 (51.6%) 7 (29.2%) 0.232
Fibular flap, (%) 9 (10.2%) 5(7.8%) 4 (16.7%) 0.279
DIEP, 1 {%) 10 (11.4%) 8(12.5%) 2 (8.3%) 0.622
Radial artery flap, n (%} 7 (8.0%) 5(7.8% 2 (8.3%) 0.941
Other, n {%) 22 (25.0%) 13 (20.3%) 9 (37.5%) 0.212
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Table 1. Cont.
s Overall No Complications Any Flap Complications ;
Patient Group B e 64 - p-Value
Indication
Trauma, 1 (%} 9 (10.2%) 7 (10.9%) 2 (8.3%) 0.106
Oncology, n (%) 55 (62.5%) 42 (47.7%) 13 {54.2%) 0.629
Defect, 7 (%) 16 (18.2%) 10 (11.4%) 6 (25.0%) 0.406
Blood type
Blood type, O, n (%) 35 (39.8%) 26 (40.6%) 9 (37.5%) 0.539
Laboratory values
Leukocyte count 10 /L 6.24 (5.76-6.73) 6.16 (5.56-6.75) 6.50 (5.62-7.38) 0.309
Tymphocyte count 107 /1. 1.74 (1.53-1.94) 1.83 (1.58-2.09) 1.41 (1.14-1.68) 0.020
Neutrophil count 10°/L 3.66 (3.23-4.09) 3.54 (3.02-4.07) 4.06 (3.28-4.84) 0.109
NLR 2.57(2.11-3.02) 2.32 (1.85-2.80) 34 (2.16-4.64) 0.006
Monocyte count 10° /1. 0.56 (0.51-0.61) 0.56 (0.50-0.61) 0.56 (0.46-0.66) 0.839
Red bloed cell count 10°/L 4.08 (3.97-4.19) 4.18 (4.03-4.32) 4.27 (4.06-4.49) 0.625
Platelet count 107 /L. 246,75 (229.25-264.24) 232,98 (216.00-249.96) 288.37 {238.35-338.40) 0.021
Hemoglobin g/dL 1258 (12.22-12.94) 12.45 (12.03-12.87) 12.86 (12.13-13.61) 0.208
Mean total plasma protein g/L 64.72 (63.40-66.05) 6484 (63.27-66.40) 64.08 (61.32-66.83) 0.543
Mean plasma albumin, g/L 38.90 (38.12-39.69) 39.21 (38.25-40.16) 36.58 (34.33-38.84) 0.049
Mean plasma bilirubin, mg/dl 0.47 (0.42-0.53) 0.48 (0.41-0.55) 0.43 (0.31-0.55) 0.447
Mean albumin-bilirubin score —2.78(—2.87——2.69) —2.80{—3.02——2.56) —277(—2.87——2.67) 0.551
CRP, mg/L 7.10 (4.67-9.54) 6.76 (3.67-9.86) 7.93 (4.32-11.54) 0.058
Mean plasma fibrinogen, g/L 3.59(3.35-3.84) 3.52(3.24-3.81) 3.82(3.30-4.35) 0.505
Interleukin-6, pg/mlL. 13.9 (10.09-16.29) 13.03 (9.33-16.7) 13.73 (7.26-20.20) 0.893
VWE antigen, IU/dL 129.61 (111.93-147.27) 120.44 (99.43-141.36) 157.59 (123.62-191.61) 0.014

Trauima was the indication for surgery in nine patients, and the mean time from trauma
to surgery was 35.8 days. There was no statistically significant link between time from
trauma and VWEF antigen concentration (r = —0.67, p = 0.865). Regarding time from trauma,
no significant differences in the rates of any flap complications were found between early
surgery and late surgery groups (p = 0.571).

The mean duration of surgery was 6.41 [5.77-7.04] hours. There were no significant
differences in the duration of surgery between patients with flap complications and patients
without complications (6.68 [5.31-8.06] vs. 6.35 [5.61-7.09], p = 0.135). Patients with any flap
complications had a significantly lower plasma lymphocyte count (p = 0.020); a lower mean
plasma albumin (p = 0.049); a higher platelet count {(p = 0.021); and a higher VWF antigen
{(p = 0.014}. There was no link between albumin—bilirubin score and VWF antigen concentra-
Hon (r = 0.89, p = 0.430). There were no statistically significant differences in mean bilirubin
concentration and albumin—bilirubin score between patients with flap complications and
patients without complications (—2.77 [—2.87——2.67] vs. —2.80 [-3.02——2.56], p = 0.551).

When comparing different surgical indications, trauma had the highest precperative
VWT antigen, followed by oncology, and patients with defects had the lowest VWT antigen
{138.62 [107.48-150.62] vs. 129.03 [107.52-150.63] vs. 89.92 [68.09-118.14], p = 0.029).

As seen in Figure 1, VWT antigen concentrations were positively linked to preoper-
ative plasma fibrinogen {p < 0.001), plasma CRP (p < 0.001}, plasma IL-6 (p = 0.032), and
NLR (p = 0.019).

VWEF antigen levels were higher in true flap loss when compared to patients without
complications (217.94 [137.27-298.45] vs. 114.14 [95.67-132.71], p = 0.001). Preoperative
NLR was the highest in the patients with subsequent secondary flap complications when
compared to patients without flap complications (4.36 [2.60-6.13] vs. 2.32 [2.03-2.32],
p = 0.024). Fibrinogen levels were higher in the patients with subsequent true flap loss
compared to patients without complications (5.00 [4.29-5.70] vs. 3.46 [3.18-3.73], p < 0.001)
(Figure 2).
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Figure 1. Association between preoperative von Willebrand factor antigen and different preoperative
markers of inflammation in microvascular flap surgery patients. Quartiles of C-reactive protein (mg/L):
quartile 1 < 0.83; quartile 2 0.84-2.37; quartile 3 2.38-7.81; quartile 4 > 7.82. Quartiles of inferlenkin-6
(pg/mL). quartile 1 < 5.11; quartile 2 5.12-8.08; quartile 3 8.09-14.80; quartile 4 > 14.81. Quartiles of
fibrinogen (g/L): quartile 1 < 2.81; quartile 2 2.82-3.46; quartile 3 3.47-4.27; quartile 4 > 4.28. Quartiles of
neutrophil-to-lymphocyte ratio: quartile 1 < 1.47; quartile 2 1.48-1.93; quartile 3 1.94-2.77; quartile 4 > 2.78.
Data are presented as mean (CI95).
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Figure 2. Association between preoperative von Willebrand factor antigen, neutrophil-to-lymphocyte
ratio, fibrinogen, and different flap complication types and Kruskal-Wallis H test distribution compar-
isons of preoperative von Willebrand factor antigen, neutrophil-to lymphocyte ratio and fibrinogen
levels in different surgical outcome groups.
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After adjustment for fibrinogen and the presence of other types of flaps, logistic
regression analysis revealed the association between VWF antigen and true flap loss at the
selected cutoff level of 163.73 IU/dL (OR 70.22 [10.74—485.28], p = 0.043).

4. Discussion

The main findings of the present study were that biomarkers of inflammation and
VWEF antigen levels are linked to complications in microvascular flap surgery. The central
finding is that elevated preoperative VWF antigen concentrations increase the odds of
true flap loss. Flap complications were also found to be related to decreased lymphocyte
count, decreased plasma albumin, increased platelet count, increased plasma fibrinogen,
and increased NLR. Increases in CRP, fibrinogen, IL-6, and NLR were also directly linked
to increases in VWF antigen concentration.

Recent studies have demonstrated that certain aspects of overall health of patients,
such as malnutrition [7] and inflammation [10,26], are associated with flap complications.
Inflammatory reactions of various kinds, such as infection, malignancy, and autoimmune
diseases, also generally show increased fibrinogen activity and increased VWF antigen
concentrations [27-31]. VWF is a large glycoprotein produced by endotheliocytes and
megakaryocytes [32], and it plays a crucial role in normal hemostasis by enabling platelet
plug formation at the sites of vascular injury [33]. VWF mediates platelet adhesion by
binding to the collagen and platelet receptors [34]. VWF is highly shear-sensitive and is
therefore known to promote platelet aggregation at post-stenotic sites that have a negative
shear rate gradient [35]. Studies on atherosclerotic plaques reveal that interactions between
the plaque geometries, local endothelial VWF release, and plasma levels of VWFE antigen
can promote thrombosis [36]. The concept of VWT elongation and subsequent contribution
to platelet aggregation af post-stenotic sites may be applicable to the anastomosis site in
microvascular flap surgery [15-17].

Although specific mechanisms govern VWI-mediated platelet aggregation and sub-
sequent thrombosis, the overall concentration of VWT antigen in plasma has been shown
to predict thrombotic events. Specifically for microvascular flap surgery, Handschel et al.
found higher levels of plasma VWF antigen concentration in microvascular flap surgery
patients with thrombosis of the anastomosed vein [15], which coincides with our findings.

Among the multitude of factors influencing VWF antigen concentrations, chronic
inflammation seems to be very prevalent in the microvascular flap surgery patient popu-
lation [10,13]. Hypercoagulable states may arise due to the primary indication for recon-
structive surgery [21], and therefore, all indications for surgery may not imply the same
risk of flap loss. The two main indications for reconstruction that can increase the risk
of thrombuosis are oncology [37,38] and trauma [39,40]. Both aforementioned indications
have been associated with increased plasma VWEF antigen concentrations [18,27,41]. This
coincides with our findings, as our data revealed that trauma has the highest VWF antigen,
followed by oncology. Our data revealed that patients with uncomplicated defects as an
indication for reconstruction had the lowest VWF antigen concentrations, although all
three indication groups had mean values comparable to the previously described normal
ranges [42].

[ncreases in plasma VWF antigen concentrations have previously been associated
with indicators of inflammatory states such as increased 11-6 [42], decreased albuumin [43],
increased CRP [42], increased platelet count [44] and chronic liver disease [45]. Our data
revealed that VIWT antigen concentration is not linked to albumin-bilirubin score, although
no patients in our cohort had chronic liver disease, and the mean albumin-bilirubin score of
our patient cohort was expectedly correlated with low risk of hepatic decompensation [46].
We found that microvascular flap complications are related to all included biomarkers of
inflammation, except for CRP and IL-6. Furthermore, we found that increased NLR and
decreased albumin are linked to secondary flap complications, and increased fibrinogen
is linked to true flap loss. These findings further support the notion that true flap loss
and secondary flap complications have different patterns of pathophysiclogy [7]. Chronic
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inflammation may cause secondary flap complications through impaired healing, much
like in any other surgical population [47,48]. However, our data revealed that the presence
of chronic inflammation is also associated with an increase in fibrinogen and VWF antigen
concentrations. Both fibrinogen and VWF antigen have been shown to increase the risk of
true flap loss [15], which coincides with our findings.

This study has several limitations. First, the single-center design prevents generaliz-
ability across populations and may have institutional bias. Second, while our sample size of
88 patients is sufficient to provide statistically significant results, due to the limited sample
size, multiple risk factors described in the previous literature could not be accounted for in
the regression models. Our analysis of the link between true flap loss and VWF antigen
concentration did not include the distinction between arterial and venous thrombosis
of the anastomosis, which has been reviewed in previous studies [15,16]. Furthermore,
collecting blood samples before surgery does not account for changes in biomarker lev-
els before and after surgery. Continuous monitoring of VWF antigen and inflammatory
markers during the perioperative phase would provide a more complete understanding of
flap complication pathophysiology. The exclusion criteria, which excluded patients with
varicus comorbidities and conditions, may have created selection bias. This could have
had an impact on the external validity of the study because excluded populations may
have different levels of VWF antigen and inflammatory biomarkers. Specifically, patients
with osteoradionecrosis of the jaw were excluded to avoid confounding factors, although
inclusion of these cases would have provided valuable insight into the pathophysiology
of flap failure after radiotherapy [49]. Our study design and cohort size did not allow for
evaluating the predictive power and cost efficiency of VWT antigen when compared with
other commonly proposed biomarkers. Larger, multi-center investigations are required to
validate the applicability of preoperative VWF antigen analysis to a wider population and
to propose specific recommendations for treatment strategies.

5. Conclusions

The preoperative level of VWEF antigen is associated with true flap loss, while markers
of chronic inflammation are linked to both secondary flap complications and increased
plasma VWF antigen. Assessment of the preoperative plasma VWF antigen concentration
may be valuable for predicting complications in reconstructive surgery. Understanding the
pathophysiological link between chronic inflammation, preoperative plasma VWEF antigen,
and true flap loss may improve decision making in the perioperative care of microvascular
flap surgery patients.
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Abstract: Background and Objectives: Microvascular flap surgery is a widely used reconstruc-
tive technique for the repair of various defects. Biomarkers have become an essential tool
for monitoring flap viability, early detection of complications, and prediction of surgical
outcomes. Studies focusing on immunomodulatory cytokines in the early prediction of
microvascular flap complications are lacking. We aimed to investigate the predictive value
of postoperative changes in transforming growth factor beta-1 (TGF-p1) for microvascular
flap complications. Materials and Methods: This prospective observational study comprised
44 adults scheduled for elective microvascular flap surgery. Preoperative blood samples
for analysis were obtained before surgery, prior to the administration of intravenous flu-
ids. Postoperative blood draws were collected after surgery, before leaving the operating
room. Preoperative and postoperative serum concentrations of TGTF-31, as well as preoper-
ative plasma albumin, total protein, total cholesterol, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, full blood count, albumin, interleukin-6, C-reactive
protein, and fibrinogen, were determined. Resuits: Postoperative changes in TGF-f31 were
higher in cases with flap loss compared to patients with healthy recovery or patients with
minor flap complications (0.403 log10 of ng/mlL [0.024-0.782] vs. 0.157 [0.029-0.285] vs.

0.089 [ 0.233-0.056], p = 0.002). Increased postoperative TGF-1 was positively linked to
preoperative C-reactive protein {p = 0.021), fibrinogen (p = 0.020), hematocrit (p = 0.039),
and hemoglobin (p = 0.009). Conclusions: The postoperative increase in circulating TGF-1
was associated with microvascular flap complications. Assessment of the postoperative
changes in circulating TGF-$1 may be valuable for the early postoperative prediction of
true flap loss.
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1. Introduction

Microvascular flap reconstruction has become increasingly routine due to technologi-
cal advancements [1], greater surgeon expertise [2], and advances in perioperative care [3].
Biomarkers have become an essential tool in microvascular flap surgery, where they help
monitor the viability of tissue flaps, detect complications early, and predict surgical out-
comes [3,4]. Recent studies have found multiple preoperative inflammatory [5-7] and
hemostasis [4,8] biomarkers for the prediction of flap complications, as well as improving
the understanding of flap complications’ pathophysiology [3,4]. Microvascular flap surgery
is an extensive surgical procedure, which elicits a generally pro-inflammatory immune
response [9,10]. Interleukin-6 (IL-6), interleukin-8, and macrophage colony-stimulating
factor are pro-inflammatory cytokines that have been linked to ischemia/reperfusion injury
in microvascular flap surgery [10]. Pro-inflammatory states have been found to be linked
to true flap loss through the modulation of von Willebrand factor [4,8], fibrinogen [8], and
platelet function [11]. To date, studies focusing on the role of immunomodulatory cytokines
in the pathophysiological patterns of different microvascular tlap complications are lacking.
Although a previous study used blood samples from microvascular flap blood vessels [10],
to date, no studies have evaluated the postoperative changes in immunomodulatory cy-
tokine concentrations in regular circulating blood samples. As an immunoregulatory
cytokine, transforming growth factor beta (TGF-3) governs various cellular processes and
biological functions, including immune regulation, inflammation, and wound healing [12].
The primary isoform, transforming growth factor beta-1 (TGF-p1) is a promising novel
biemarker that influences several processes that can contribute to thrombus formation and
stability [13]. TGF-p1 is secreted by platelets and becomes bioactive upon exposure to shear
stress [14], which could have pathophysiological and predictive implications in microvas-
cular flap surgery. This study aims to assess the prognostic significance of postoperative
TGF-p1 changes in relation to various microvascular flap complications, and to examine
the links between perioperative TGF-p1 levels and other biomarkers in microvascular flap
surgery patients.

2. Materials and Methods
2.1. Patient Selection

This prospective observational cohort study included 173 individuals who underwent
elective reconstructive microvascular flap surgery at Riga East University Hospital from
1 October 2022 to 31 March 2024. All patients who had true flap loss or secondary flap
complications (N = 22) were included in the complications group. To ensure optimal internal
validity and comparability between cases over the study period, simple randomization
was used [15,16] to select an equal number of patients without complications (N = 22)
from the overall cohort. This created a 44-patient cohort to match the available sample
count for laboratory analysis. The Riga East University Hospital Science Department
{Nr.AP/08-08/22/135) and the Riga Stradins University Ethics Committee (22-2/399/2021)
approved the study protocol and the informed consent forms. Adult patients scheduled
for elective microvascular flap surgery were included in the study. To avoid confounding
factors, patients with coagulation abnormalities, history of smoking, recent blood clotting,
or thromboembolic complications [17], along with patients taking hormonal contraceptives
or estrogen therapy [18], were excluded, as these patient groups have been associated with
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flap thrombeosis. Patients on anticoagulants or antiplatelet medications were excluded from
the study to avoid confounders related to flap bleeding [19]. Patients with active systemic
infections [12], or autoimmune disorders [20] were excluded, as these patient groups may
have abnormal TGF-31 levels. Pregnant patients, lactating patients, and children under the
age of 18 were also excluded, as they were outside the scope of our study design and were
not included in the ethics approval. Patients with incomplete data were also excluded.

2.2, Qutcame Definitions

True flap loss was defined as compromised blood flow resulting from anastomotic
failure or thrombosis that leads to a complete loss of the transposed flap. Minor flap
complications were defined as the occurrence of flap infection, delayed or incomplete
wound closure, partial flap loss, or wound complications at the harvesting site. All instances
of true flap loss required immediate surgical re-exploration.

2.3. Perioperative Considerations

The surgical team considered the type of defect, pedicle length, surgical positioning,
body mass index, and patient body composition when selecting the flap type. The study
included cases with the following flap types: anterolateral thigh, fibular, deep inferior
epigastric artery perforator, gracilis muscle, radial forearm, serratus anterior, temporal
artery, and latissimus dorsi. All patients received general anesthesia (GA). GA was in-
duced with intravenous administration of fentanyl (1.5 pg/kg), propofol (1-2 mg/kg),
and cisatracurium (0.15 mg/kg). All patients were subject to continuous monitoring of
electrocardiogram, oxygen saturation, blood pressure (either invasive or noninvasive),
body temperature, and end-tidal carbon dioxide levels, starting at the induction of anes-
thesia. Sevoflurane (Sevorane®, AbbVie S.r.l, Campoverde, [taly) at a 0.8-1.2 mean alve-
olar concentration was used to maintain GA, and fentanyl (1-1.5 ug/kg/h) was used to
provide continuous analgesia during surgery. A continuous cisatracurium infusion of
1-2 pg/kg/min was used to achieve intraoperative myorelaxation. Crystalloid fluid
administration (Ril.ac, B. Braun Melsungen AG, Melsungen, Germany) was provided
intravenously at a rate of 3.5 to 5.5 mL/kg per hour throughout the surgical and early
postoperative periods, with the goal of maintaining urine output at 1-1.5 mL/kg/h. Post-
operative monitoring of vitals, temperature, urine output, and pain control was conducted
in the recovery unit. All patients received anticoagulation with enoxaparin at a dose of
40 mg daily, commencing on the first postoperative day. The surgical team meticulously
monitored the microvascular flap throughout the initial 7 days following surgery. Flap
complications were menitored by the surgical team through clinical evaluation of flap
perfusion, including assessment of tissue color, temperature, turgor, capillary refill, flap
skin texture, the absence of edema, and pinprick tests.

2.4. Data Collection, Sample Handling, and Laboratory Analysis

Patient demographics, flap types, surgical indications, recipient sites, operative times,
perioperative care, and clinical outcomes were collected from both written and electronic
medical records, following a predefined protocol. The surgical outcomes were observed
and documented directly by the surgical team. Precperative blood samples for analysis
were obtained immediately before surgery, prior to the administration of intravenous fluids.
Postoperative blood draws were obtained after the end of surgery, before leaving the operat-
ing room. All blood draws were performed using gentle aspiration and careful handling of
the blood collection tubes to avoid artificial stimulation of TGF-f1 release. Full blood count
analysis of the preoperative samples was performed using the XN-1500 system (Sysmex Eu-
rope SE, Norderstedt, Germany). Preoperative albumin concentrations were obtained using
the colorimetric method (Cobas C, Roche/Hitachi, Manheim, Germany). Preoperative [L-6
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concentrations were obtained by electrochemiluminescence immunoassay (ECLIA) (Cobas
e, Roche /Hitachi, Manheim, Germany). Preoperative C-reactive protein (CRP) concentra-
tions were obtained using the method of immunoturbidimetry (Cobas C, Roche/Hitachi,
Manheim, Germany). Preoperative fibrinogen concentrations were obtained using the
5 5100 system (Sysmex Corporation, Kobe, Japan). Precperative total protein concentra-
tions were analyzed using the colorimetric method (Cobas ¢, Roche/Hitachi, Manheim,
Germany). Preoperative levels of triglycerides, total cholesterol, high-density lipoprotein
cholesterol, and low-density lipoprotein cholesterol were measured using the enzymatic
colorimetric technique (Cobas ¢, Roche /Hitachi, Manheim, Germany). All full blood count
and clinical chemistry analyses of the preoperative blood samples were processed and
analyzed in a clinical laboratory within eight hours of collection. All blood samples desig-
nated for TGF-B1 evaluation were frozen within 6 h after collection. Before storage, blood
samples for TGI-B1 analysis were centrifuged at 3500x g for 10 min. All samples were
centrifuged within 2 h after collection. Sample handling was conducted with meticulous
care, and light or heat exposure was strictly avoided. The serum samples were preserved
at a consistent temperature of —80 °C in screw-cap tubes appropriate for long-term storage.
TGF-B1 evaluation was conducted following a single thaw cycle with the TGF-31 ELISA
kit, according to the manufacturer’s protocol (Merck, Darmstadt, Germany). All reagents,
calibration standards, and samples were prepared following the instructions outlined in
the product’s protocol guide. The assay was conducted at ambient temperature (20-25 °C),
in accordance with the manufacturer’s protocol. The abserbance reading was performed
on a Varioskan Lux microplate reader (Thermo Fisher Scientific, Waltham, MA, USA) at
450 nm, immediately after the stop sclution was added. The acquired measurements were
collected for subsequent statistical analysis.

2.5. Statistical Analysis

GraphPad Prism, version 5.03 (GraphPad Software Inc., San Diego, CA, USA) and
SPSS Statistics for Windows, version 26.0. (IBM Corp., Armonk, NY, USA) were used to
perform the statistical analysis. GraphPad Prism version 5.03 (GraphPad Software Inc.,
San Diego, CA, USA) was used to create graphic visualizations., The distribution of all
variables was assessed for normality through visual examination of the quantile—quantile
plot. The Kelmogorov-Smirnov test was employed to assess whether the data followed
a normal distribution. Analysis of nominal variable datasets was performed using the
chi-squared test. Pearson correlation was applied to assess the relationships between
parametric datasets. Spearman’s Rho was used to evaluate non-parametric correlations.
Differences in data distribution between groups were assessed using the Mann-Whitney
U test for non-parametric variables. Independent t-tests were conducted to compare the
means of two groups with normally distributed data. The datasets for CRP, fibrinogen,
hemoglobin, and hematocrit were divided into quartiles. The interquartile differences
in mean TGF-p1 concentrations were further compared using the analysis of variance
{ANOVA) test. ANOVA test comparisons were also performed for postoperative changes
in the logl0 of TGF-f31 in different surgical outcome groups. Diagnostic performance
was evaluated using the Receiver Operating Characteristic (ROC) curve and the Area
Under the Curve (AUC) of postoperative TGF-31 changes in predicting microvascular
flap complications. Cut-off values were determined using the concordance probability
method [21]. Odds ratios (OR) for flap complications were calculated using binary logistic
regression. Continuous variables with a normal distribution were expressed as the mean
with a 95% confidence interval (CI95). Statistical significance was determined at a two-tailed
p-value of less than 0.05.
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3. Results

In total, 44 patients were included: 24 (59.1%) men and 20 (40.9%) women. Their mean
age was 57.1 years (C[95 52.5-61.7). The complications group consisted of 22 patients, 12
of whom had minor flap complications, while 10 patients had true flap loss. Five of these
cases had late flap loss (>72 h). All patients with early true flap loss underwent urgent and
successful anastomosis revision. Four cases of late true flap loss were treated with repeated
microvascular flap reconstruction, while one case required necrectomy followed by rotated
flap reconstruction.

As indicated in Table 1, no significant differences in the rate of flap complications were
observed with respect to age, gender, reconstruction sites, surgical indications, or flap types
between the control and complications groups. Increased preoperative plasma fibrinogen
was found to be associated with flap complications (4.04 [3.56-4.51] vs. 3.22 [2.69-3.75],
p=0.044).

Table 1. General characteristics, perioperative factors, comorbidities, and laboratory parameters:
Data are presented as the mean (CI95) or count (percentage). Abbreviations—ENT (ear, nose, and
throat surgery); ALT (anterolateral thigh); DIEP (deep inferior epigastric artery perforator); CRP
{C-reactive protein); HDL-C (high-density lipoprotein cholesterol); LDL-C (low-density lipoprotein
cholesterol); TGF-31 (transforming growth factor beta-1).

. = Overall Complications Group Control Group
Patient Group N =44 N=22 N =22 p-Value
Demographic data
Mean age, years h7.9 (34.8-61.0) 59.5 (h3.5-60.4) 544 (46.7-62.1) 0.389
Women, n (%) 20 (45.5%) 10 (45.5%) 10 (45.5%) -
Location of reconstruction
Extremity, n (%) 6 (13.6%) 4(18.2%) 2(9.1%) 0.248
ENT, n (%) 26 (59.1%) 14 {63.6%) 12 (54.5%) 0.539
1lead and neck, n (%) 6 (13.6%) 2(9.1%) 4(18.2%) 0.248
Breast, n (%) 6 (13.6%) 2(9.1%) 4 (18.2%) 0.248
Flap type
ALT, n (%) 25 {56.8%) 12 (54.5%) 13 (59.1%) 0.773
Tibular flap, n (%) 5 (11.4%) 3 (13.6%) 2 (9.1%) 0.635
DILE, n (% 5(11.4%) 1{4.5%) 4 (18.2%:) 0.154
Other, n (%) 9 (20.5%) 6 (27.3%) 3 (13.6%) 0.262
Indication
Trauma, n (%) 5 (11.4%) 2(9.1%) 3 (13.6%) 0635
Oncology, n (%) 32(72.7%) 14 (63.6%) 18 (81.8%) 0.517
Defect, n (%) 7 (15.9%) 6 (27.3%) 1 (4.5%) 0.099
Intraoperative and anesthesia considerations
Duration of SUrgery, hours 6.03 (5.48-6.58) 593 (5.20-6.66) 6.18 (5.18-7.18) (0.739
Total inb srabive orvs ids 2460.00 1 7505 0_2509.
lotal intraoperative crystalloids, ml (2421592498 41) 2480.00 (2434 .76-2525.24) 2440.00 (2370.89-2509.11) 0.276
Total intraoperative colloids, mL 625.00 (521.04-728.94) 650.00 (477.22-822.78) 600.00 (449.19-750.81) 0.615
Intracperative hematocrit, % 34.50 (33.30-35.70) 33.75 (31.76-35.74) 36.00 (34.16-37.84) 0.097
Use of vasopressors /sympathomimetics, n (%) 15 (34.1%) 10 (45.5%) 5(22.7%) 0112
Laboratory values
Red blood cell count, 10°/T, 4.13 (3.97-4.28) 4.28 (4.06-4.49) 4.00 (3.77-4.23) 0.084
White blood cell count, 109/1 6.36 (5.57-7.17) 6.50 (5.62-7.38) 6.25 (4.91-7.59) 0418
Tymphocyte count, 109/1. 1.67 (1.48-1.86) 1.63 (1.31-1.93) 1.71 (1.45-1.96) 0.497
Neutrophil count, 107 /1. 3.90 (3.13-4.67) 4.06 (3.28-4.84) 3.76 (2.44-5.09) 0.162
Monocyte count, 109 /1, 0.56 (0.50-0.63) 0.56 (0.47-0.66) 0.57 (0.47-0.66) 0958
Platelet count, 10° /1. 258.95 (230.52-287.38) 288.37 (238.33-338.40) 233.55 (202.96-264.14) 0.092
Hemoglobin, g/dl. 12.43 (11.90-12.95) 12.87 (12.13-13.61) 12.05 (11.28-12.81) 0.087
Hematocrit, % 38.81 (37.41-40.22) 40.12 (38.22-42.01) 37.69 (35.64-39.74) 0.065
Total plasma protein, g/L 63.79 (61.94-65.94) 64.08 (61.32-66.83) 63.51 (60.79-66.23) 0.794
Plasma albumin, g/1. 38.77 (37.58-39.95) 39.00 (37.05-40.96) 38.55 (36.98-40.11) 0.668
CRE, mg/L 8.40 (3.90-12.91) 6.93 (3.25-10.61) 9.87 (1.23-18.51) 0.718
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Table 1. Cont.

§ Overall Complications Grou Control Grou,

Patient Group N =44 p N2 P N=22 P p-Value
Plasma fibrinogen, g/L 3.61(3.24-3.98) 4.04 (3.56-4.51) 3.22 (2.69-3.75) 0.044
Interleukin-6, pg/mL 14.62 (10.32-18.92) 11.73 (6.32-17.13) 17.37 (10.51-24.24) 0.262
HDL-C, mmol/1 1.27 (1.16-1.39) 1.17 (1.01-1.32) 1.37 (1.20-1.54) 0.094
LDL-C, mmol/1 2.89 (2.57-3.21) 2.84 (2.49-3.19) 2.93(2.38-349) 0.950
Preoperative TGF-B1, ng/ml 264 (2.25-3.03) 2.68 (2.13-3.24) 2.60 (2.01-3.20) 0771
Postoperative TGF-p1, ng/ml 312 (2.71-3.53) 3.48 (2.90-4.06) 2.77(2.20-3.35) 0.072

When evaluating different indications for surgery, defects had the highest postoper-
ative TGF-B1 concentrations, followed by oncology, while patients with trauma had the
lowest preoperative TGF-31 concentrations (4.25 ng/mL [3.51-4.98] vs. 2.99 [2.51-3.48] vs.
2.33 [1.02-3.64], p = 0.023).

No significant differences were found when comparing preoperative TGF-B1, postop-
erative TGF-f1, or postoperative change in TGF-p1 between the different reconstruction
sites or flap types used.

As illustrated in Figure 1, postoperative changes in TGF-31 were positively correlated
with preoperative fibrinogen (r = 0.369, p = 0.021) and preoperative CRP (r = 0.333, p = 0.036).
Postoperative TCGF-31 levels were positively correlated with preoperative hemoglobin
{r = 0.328, p = 0.029) and preoperative hematocrit (r = 0.341, p = 0.031). There were no signif-
icant links between preoperative TGF-31 and any of the included preoperative biomarkers.

Pre-op TGF-p1

ATGF-g1
=Post-op TGF-p1
=WBC
=NEU
=LYM
=MON
=RBC
=HGB
=HCT
=PLT
=Albumin

=TC
=Triglyceride

=HDL-C
=LDL-C
=Fibrinogen
=CRP

-TP

-IL-6

Pre-op TGF-g1
A TGF-p1
Post-op TGF-g1~-
WBC -

NEU =

LYM=

MON =

RBC =

HGB =~

HCT=-

PLT=-

Albumin =

TC=

HDL-C=
LDL-C~
Triglyceride =
Fibrinogen -
CRP~-

TP =

IL-6~

0.5

—0.5

-1.0

Figure 1. Correlation analysis between transforming growth factor beta-1 and selected biomarkers in
microvascular flap surgery patients. Abbreviations—Pre-op (preoperative); TGF-31 (transforming
growth {actor beta-1); A TGF-p1 (postoperative change in transforming growth {actor beta-1); Post-op
(postoperative); WBC (white blood cells); NEU (neutrophils); LYM (Ilymphocytes); MON (monocytes);
RBC (red blood cells); HGB (hemoglobin); HCT (hematocrit); PLT {platelets); TC (total cholesterol);
HDL-C (high-density lipoprotein cholesterol); LDL-C (low-density lipoprotein cholesterol); CRP
{C-reactive protein); TP (total protein); IL-6 (interleukin-6).

118



Annex 5 continued

Medicing 2025, 61, 863 7of12

As illustrated in Figure 2, postoperative changes in TGF-$1 concentrations were
positively associated with preoperative plasma fibrinogen (p = 0.020) and plasma CRP
{p = 0.021). Postoperative TGF-[31 concentrations were positively associated with preopera-
tive hemoglobin (p = 0.009) and hematocrit (p = 0.039).
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Figure 2. Association between perioperative TGF-B1 and preoperative biomarkers in microvascular
flap surgery patients. Quartiles of fibrinogen (g/L): Q1 < 2.31; Q2 2.32-3.78; Q3 3.79-4.34; Q4 > 4.35.
Quartiles of C-reactive protein (mg/L): Q1 < 1.93; Q2 1.94-3.86; Q3 3.87-14.00; Q4 > 14.01. Quartiles
of hemoglobin (g/dL): Q1 < 11.6; Q2 11.7-12.6; Q3 12.7-13.7; Q4 > 13.8. Quartiles of hematocrit {%):
Q1 < 36.6; Q2 36.7-39.0; Q3 39.1-42.2; Q4 > 42.3. Abbreviations—TGF-31 (transforming growth factor
beta-1). Data are presented as the mean (CI95).

As illustrated in Figure 3, the largest increase in the postoperative logl0 of TGF-p1
{ng/mL) was found in cases with true flap loss {0.403 [0.024-0.782]), followed by minor
flap complications (0.157 [0.029-0.285]). Patients without flap complications had the lowest
postoperative change in the log10 of TGF-1 (—0.089 [—0.233-0.056], p = 0.002). Analysis of
the predictive accuracy of postoperative changes in TCF-31 for true flap loss found that the
AUC for log10 of TGF-{31 was 0.797 (0.588-0.997, p = 0.005). A postoperative change in TGF-
B1 > 1.00 ng/mL was determined to be optimal based on the cut-off analysis (specificity
79.4%, sensitivity 80.0%, positive predictive value 53.3%, negative predictive value 53.1%).
When adjusted for age, sex, and preoperative plasma fibrinogen, multivariate regression
analysis revealed that an increase in the postoperative change in TGF-1 increases the odds
of true flap loss (OR 2.028, C195 1.185-3.471, p = 0.009).
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0.5+

Change in log4o of TGF-B1 (ng/mL)

p=0.002

-0.5 T T T

No flap complications True flap loss Minor flap complications

Figure 3. Postoperative changes in logl0 of TGF-B1 for different surgical outcomes: ANOVA test
comparisons of postoperative changes in logl0 of transforming growth factor beta-1 in different
surgical outcome groups. Abbreviations—TGF-p1 {transforming growth factor beta-1).

4, Discussion

The central finding of this study is that a postoperative increase in TGF-f31 is linked to
true flap loss and, to a smaller extent, minor flap complications. Increased postoperative
changes in TGF-f1 are linked to increased CRP and fibrinogen. Increased postoperative
TGEF-p1 concentrations are linked to increased preoperative hematocrit and hemoglobin.

While TGF-f3 is secreted by many cell types [22], platelets contribute approximately
45% of the total TGF-f present in plasma [12,23,24], and TGF-p1 is its main isoform, ac-
counting for 95% of the total TGF-f [25]. Previous studies have shown that exposure
to shear stress contributes to the release of TGE-B1 from platelets both in vitro [14] and
in vivo [14,26]. We propose that the increase in shear forces in a dysfunctional vascular
anastomosis site may partially contribute to the postoperative increase in TCF-p1. Prior
research indicates that shear stress can efficiently activate latent TGEF-f1 present in platelets
and the extracellular matrix, highlighting the intricacies of flap survival under dynamic
vascular settings [24,26]. In thrombosed arteries, particularly during flap surgery, the
augmented shear stress might quadruple, resulting in a synergistic increase in TGF-B1
release [27]. The presence of co-secreted proteins, such as thrombospondin-1, may exac-
erbate this effect by facilitating the activation of latent TGF-31 forms [28,29]. Moreover,
inflammatory enzymes like matrix metalloproteinases may facilitate this activation process,
establishing a feedback loop in which shear-induced TGF-B1 release enhances platelet
activation and localized inflammation [28]. Interestingly, increases in TGF-B1 have been
found to increase the shear stress exhibited on circulating platelets, and the presence of hy-
percholesterolemia has been found to exacerbate the release of TGF-f1 from platelets [26],
although this was not supported by our findings. It must be noted that the shear stress
interaction between the vessel wall and TGF-p1 has been previously studied only in the
context of chronic vessel wall changes [26]. Tn addition to shear-stress-induced TGF-p1
release from platelets, the presence of thrombin during thrombosis of the anastomosis may
activate platelets through protease-activated receptors 1/4 (PAR1/4), thereby promoting
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further TGF-f1 secretion [30]. This process stimulates monocyte tissue factor expression
and further amplifies thrombin generation, coagulation, and inflammation [31].

TGE-f31 has also been implicated in the regulation of thrombosis [32,33]. A study by
Zhang et al. revealed that the presence of TGF-1 facilitates the recruitment of neutrophils
and monocytes into thrombi while also promoting the formation of neutrophil extracellular
traps [13]; therefore, TGF-B1 positively modulates venous thrombus formation. In patients
with portal venous thrombosis, increased levels of platelet-derived TGF-31 have been
linked to a hypercoagulable state and contribute to endothelial dysfunction [33]. Notably,
the absence of TGF-B1 in mice did not impact the development of arterial thrombosis [13].
However, while our results showed that a postoperative increase in TGF-f31 was linked to
true flap loss, we did not observe a link between increased preoperative TGF-1 and the
risk of true flap loss. Our findings corroborate recent evidence that platelet-derived TGF-p1
promotes the progression of venous thrombus development, rather than its initiation [32].
This may imply that the promotion of coagulation is a product of local TGF-{31 release at
the site of thrombus formation, rather than its cause.

In venous flap thrombosis, pedicle kinking is a more prevalent cause of flap failure
than anastomotic failure [34], and venous thrombosis in such conditions occurs under lower
shear stress [35]. In pedicle kinking, blood stasis is considered to be the primary factor for
the prothrombotic state at the kinked location [34]. Postoperative increases in TGE-$1 could
be predictive of microvascular flap thrombosis progression and imminent flap failure, as
the presence of thrombus formation increases the local TGE-p1 concentration [13,36]. This
is further supported by our findings that postoperative increases in TGF-B1 were positively
linked to increased preoperative plasma fibrinogen, which has also been previously linked
to increased rates of flap thrombosis [4,8].

Our results revealed that increased preoperative CRP is positively linked to postoper-
ative increases in TGF-f31. While increased baseline levels of TGF-f31 have been positively
linked to CRP in kidney discase patients [37], no previous studies have evaluated the
link between CRP and TGF-$31 in a surgical population. Increased preoperative CRP has
previously been linked to flap complications [38], which may partially explain our findings.

Qur findings indicate that postoperative TGF-#1 concentrations are linked to preoper-
ative hemoglobin and hematocrit. Studies on systemic lupus erythematosus found TGF-31
concentrations to be positively linked to hemoglobin, although these findings were likely
due to lower disease activity [20]. Furthermore, our results did not show any significant
link between preoperative hemoglobin and preoperative TGF-31 concentrations in mi-
crovascular surgery patients. A potential explanation for the link between hematocrit and
postoperative TGF-31 is the effect of hematocrit on blood viscosity [39]. Increasing blood
viscosity increases shear stress at a given blood flow [40]. As the stimulation of TGF-B1
secretion associated with platelet activation occurs under shear stress [26], increased blood
viscosity might increase TGF-1 secretion from platelets at different stenotic sites in the
vasculature [26], and potentially at the site of microvascular anastomosis. It must be noted
that increased blood viscosity due to increased hematocrit could also promote TGF-p1
release during the process of blood sample collection [23].

This study has several limitations, as well as several strengths. First, this study
includes only a single-center experience and offers a limited patient population due to
laboratory resource limitations. The exclusion criteria, which excluded patients with severe
comorbidities, pre-existing vascular disorders, or anticoagulant use, may have created
selection bias. This could have animpact on the external validity of this study, as the omitted
individuals could exhibit substantially varying TGF-B1 concentrations [23]. Conversely, the
reported concentrations of TGF-5 in humans exhibit considerable variability across both
pathological and physiological states, all of which could not be covered by the exclusion
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criteria [23]. Tracking of TGF-f3 in plasma may be difficult due to rapid binding to target
cells [23]. Therefore, verification with immunohistochemical analysis of SMAD protein
expression in target cells would further improve the reliability of the results [23]. Our
evaluation of the association between flap loss and TGF-B1 antigen concentrations did not
distinguish between arterial and venous thrombotic events at the anastomotic site, despite
the potential clinical relevance of this differentiation in relation to TGF-p1 secretion [13].
Given the use of multiple different flap types, the anastomosis site and subsequent vessel
curvature were not individually evaluated, although they may influence blood flow and
affect outcomes in certain cases. Postoperative TGF-f1 increases may have multiple
implications in minor flap complications, such as tissue scarring of the transposed flap [41]
or difficult wound healing [42], even after initial flap success. Intriguingly, the emerging
technique of platelet-rich plasma injections in reconstructive surgery has demonstrated
encouraging outcomes [43]. These benefits may be partially attributed to elevated local
concentrations of TGF-p1 [44], although this potential mechanism warrants additional
investigation. Further studies with longer postoperative TGF-p1 analysis periods may
elucidate potential diagnostic and therapeutic applications of TGF-B1 for scarring and
difficult wound healing in microvascular flap surgery.

5. Conclusions

The postoperative increase in circulating TGF-B1 is associated with microvascular
flap complications. Assessment of the postoperative change in circulating TGF-1 may be
valuable for the prediction of true flap loss. While TGF-f1 has potential as a biomarker
for flap viability, it requires improvement in measurement precision and consideration of
other factors that impact its activity. Improved understanding of TGF-31"s dynamics and
its clinical implications may lead to better outcomes for patients undergoing microvascular

flap surgery.
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