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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 of 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 = 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). Patients with FAR < 0.06 had increased odds 
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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 vWF:Ag, albumin,  

neutrophil-to-lymphocyte ratio (NLR), interleukin-6, C-reactive protein (CRP) and fibrinogen 

were determined. vWF:Ag levels were higher in true flap loss when compared to patients 

without complications (217.94 IU/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 IU/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-β1) 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-β1 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-β1 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-β1 was higher in patients with true 

flap loss when compared to patients without complications and patients with minor flap 

complications (0.403 log10 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-β1 increases the odds of true flap loss (OR 2.028, 1.185–3.471, 

p = 0.009). 
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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; vWF:Ag; 

neutrophil-to-lymphocyte ratio; transforming growth factor beta-1; TGFB-1; TGF-β1 
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Anotācija 

Biomarķieru modelis 
komplikāciju paredzēšanai 
brīvo lēveru mikroķirurģijā 

Mikrovaskulāro lēveru ķirurģija ir plaši pielietota un nozīmīga metode dažādu defektu 

korekcijai. Neskatoties uz ievērojamu mikrovaskulārās tehnikas attīstību un kopējo 

komplikāciju biežuma samazināšanos, lēvera zudums joprojām ir klīnisks izaicinājums.  

Šī pētījuma mērķis bija atklāt jaunus virzienus komplikāciju novēršanai un izpētīt jaunus 

malnutrīcijas, iekaisuma un imūnmodulējošo biomarķieru modeļus, lai prognozētu 

komplikācijas mikrovaskulārajā lēveru ķirurģijā.  

Pētījuma pirmā daļa ietver literatūras apskatu, kurā analizēti 80 pētījumi no PubMed, 

Scopus un Web of Science datubāzēm, kas publicēti no 2007. gada 1. janvāra līdz 2024. gada 

1. jūlijam. Pirmās pētījuma daļas mērķis bija noteikt labākās prakses jaunos virzienus un sniegt 

ieskatu turpmākai pētniecībai par perioperatīvo aprūpi mikrovaskulāro lēveru ķirurģijā un 

iespējamajiem biomarķieriem komplikāciju paredzēšanai. Literatūras apskata rezultāti norādīja, 

ka nepietiekama uztura, hipoalbuminēmijas, hroniska iekaisuma un hiperkoagulācijas 

izvērtēšanai šobrīd trūkst pietiekamu datu, tomēr tie ir daudzsološi virzieni turpmākai 

pētniecībai. 

Prospektīvās daļas pirmajā novērošanas tipa pētījumā, tika iekļauti 72 pilngadīgi 

pacienti, kuriem tika veikta plānveida mikrovaskulārā lēvera operācija. Pirmā pētījuma mērķis 

bija novērtēt uztura stāvokļa kontroles (CONUT, Controlling Nutritional Status) indeksa 

prognostisko vērtību attiecībā uz komplikācijām mikrovaskulāro lēveru ķirurģijā. Asins paraugi 

pilnas asinsainas, kopējā plazmas holesterīna un albumīna līmeņu noteikšanai tika iegūti 

operācijas dienā pirms pirmo kristaloīdu ievades. Serumā noteiktā albumīna koncentrācija, 

perifēro limfocītu skaits un kopējā holesterīna koncentrācija tika izmantoti, lai aprēķinātu 

CONUT indeksu. CONUT indeksa laukums zem līknes (AUC, Area Under Curve) nelielu 

lēvera komplikāciju prognozēšanai bija 0.813 (0.659–0.967, p = 0.012). CONUT vērtība 

> 2 tika norādīta kā optimāla robežvērtību analīzē (p = 0.022). Pacientiem ar lēvera 

komplikācijām bija ilgāks hospitalizācijas laiks (13.55, 10.99–16.11 pret 25.38, 14.82–35.93; 

p = 0.004). CONUT indeksam ir nozīmīga prognostiska vērtība nelielu lēvera komplikāciju 

paredzēšanai, taču tas neparedz lēvera zudumu. 

Prospektīvās daļas otrā novērošanas tipa pētījuma mērķis bija novērtēt fibrinogēna un 

albumīna attiecības (FAR, Fibrinogen-to-albumin ratio) saikni ar pēcoperācijas 

komplikācijām. Tajā iekļauti 130 pilngadīgi pacienti, kuriem tika veikta plānveida 

mikrovaskulārā lēvera operācija. Pirmsoperācijas asins paraugi fibrinogēna un albumīna līmeņu 
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noteikšanai tika iegūti operācijas dienā pirms kristaloīdu ievades. Binārās loģistiskās regresijas 

analīze parādīja, ka pacientiem ar FAR < 0.08 un FAR < 0.06 bija paaugstināts lēvera 

hematomas vai lēvera 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 paaugstināts nelielu lēvera komplikāciju risks 

(IA 5.47, 1.33–22.50, p = 0.019). Gan pacientiem ar FAR < 0.06, gan ar FAR > 0.10 bija 

paaugstināta lēveru komplikāciju iespējamība (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 saistību. 

Prospektīvās daļas trešā pētījuma mērķis bija izvērtēt von Villebranda faktora antigēna 

(vWF:Ag, von Willebrand factor antigen) saistību ar lēvera komplikācijām 88 pilngadīgiem 

pacientiem, kuriem tika veikta plānveida mikrovaskulārā lēvera operācija. Pirmsoperācijas 

asins paraugi tika savākti operācijas dienā pirms kristaloīdu ievadīšanas. Tika noteikta plazmas 

vWF:Ag, albumīna, neitrofilu-limfocītu attiecības (NLR, Neutrophil-to-lymphocyte ratio), 

interleikīna-6, C-reaktīvā olbaltuma (CRO, C-reactive protein) un fibrinogēna koncentrācija. 

vWF:Ag līmenis bija augstāks pacientiem ar lēvera zudumu, salīdzinot ar pacientiem bez 

komplikācijām (217.94 IU/dL, 137.27–298.45 vs. 114.14, 95.67–132.71, p = 0.001). Regresijas 

analīze atklāja saikni starp vWF:Ag un lēvera zudumu pie robežvērtības 163.73 IU/dL  

(IA 70.22, 10.74–485.28, p = 0.043). Paaugstinātas vWF:Ag koncentrācijas bija saistītas ar 

paaugstinātām fibrinogēna (p < 0.001), CRO (p < 0.001), interleikīna-6 (p = 0.032) un NLR 

(p = 0.019) koncentrācijām. Šīs daļas rezultāti liecina, ka pirmsoperācijas vWF:Ag 

koncentrācija plazmā ir saistīta ar iekaisuma biomarķieriem, un vWF:Ag > 163.73 IU/dL 

norāda uz palielinātu lēvera zuduma risku.  

Prospektīvās daļas ceturtā pētījuma mērķis bija izvērtēt transformējošā augšanas faktora 

beta-1 (TGF-β1, Transforming growth factor beta-1) prognostisko vērtību attiecībā uz 

mikrovaskulāro lēveru komplikāciju risku. Šajā prospektīvajā novērošanas tipa pētījumā tika 

iekļauti 173 pacienti, kuriem tika veikta plānveida mikrovaskulārā lēvera operācija.  

Visi pacienti ar lēvera zudumu vai nelielām lēvera komplikācijām (n = 22) tika iekļauti 

komplikāciju grupā. Izmantojot vienkāršo randomizāciju, tika atlasīts vienāds skaits pacientu 

bez komplikācijām (n = 22), izveidojot 44 pacientu grupu laboratorisko analīžu veikšanai. 

Pirmsoperācijas asins paraugi tika savākti operācijas dienā pirms kristaloīdu ievadīšanas. 

Pēcoperācijas asins paraugi tika ievākti pēc operācijas beigām operāciju zālē. Plazmas TGF-β1 

koncentrācijas plazmā tika noteiktas pirms un pēc operācijas. Pirmsoperācijas asins paraugos 

tika noteikta pilna asins aina, albumīns, interleikīns-6, kopējais olbaltums, triglicerīdi, kopējais 

holesterīns, augsta un zema blīvuma lipoproteīnu holesterīns, CRO un fibrinogēna līmenis. 

Paaugstināta pēcoperācijas TGF-β1 koncentrācija bija pozitīvi saistīta ar pirmsoperācijas 

fibrinogēna (p = 0.020), CRO (p = 0.021), hemoglobīna (p = 0.009) koncentrāciju kā arī 
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hematokrītu (p = 0.039). TGF-β1 pieaugums tūlītēji pēc operācijas bija izteiktāks pacientiem, 

kam sekojoši bija lēvera zudums, salīdzinājumā ar pacientiem bez komplikācijām vai nelielām 

lēvera komplikācijām (0.403 log10 ng/ml, 0.024–0.782 vs. 0.157, 0.029–0.285 vs. −0.089, 

−0.233–0.056, p = 0.002). Regresijas analīze atklāja, ka TGF-β1 pieaugums (ng/dl) pēc 

operācijas palielina tūlītēja lēvera zuduma iespējamību (IA 2.028, 1.185–3.471, p = 0.009). 

Pētnieciskā darba gaitā izstrādāti nepietiekama uztura, iekaisuma, koagulācijas un 

imūnās atbildes biomarķieru modeļi komplikāciju paredzēšanai mikrovaskulāro lēveru 

ķirurģijā. Pētījumā atklātas nozīmīgas atziņas par atsevišķu komplikāciju tipu patoģenēzi un 

paplašināta izpratne par komplikāciju riska perioperatīvo laboratoro novērtēšanu.  

Atslēgvārdi: mikrovaskulāro lēveru komplikācijas; rekonstruktīvā ķirurģija; 

mikrovaskulāro lēveru ķirurģija; lēvera zudums; lēvera tromboze; nepietiekams uzturs; 

CONUT; fibrinogēna un albumīna attiecība; FAR; fon Villebranda faktora antigēns; vWF:Ag; 

transformējošais augšanas faktors beta-1; TGF-β1.
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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 vWF: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-β), 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-β1), has emerged as a potential biomarker, influencing thrombogenesis and thrombus 

stabilisation (Zhang et al., 2024). TGF-β1 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-β1 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 vWF: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-β1 changes in relation to 

various microvascular flap complications and to examine the link between 

perioperative TGF-β1 levels and other biomarkers in microvascular flap surgery 

patients. 
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Hypotheses of the Thesis 

• Increased preoperative CONUT score effectively predicts malnutrition and 

postoperative complication risk for microvascular flap surgery patients. 

• Increased preoperative FAR predicts the risk of true flap loss in microvascular flap 

surgery. 

• Increased preoperative plasma vWF:Ag is linked to a proinflammatory state and is 

predictive for complications in microvascular flap surgery. 

• A significant postoperative increase in serum TGF-β1 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-β1 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 vWF: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-β1. 

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. vWF: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-β1 evaluation for the fifth part of the research was 

conducted using the TGF-β1 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 Rīga Stradiņš 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, I., 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 

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

“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 

 

Patient group Overall 
n = 72 

No 
complications 

n = 61 

True 
flap loss 

n = 4 

Any flap 
complications 

n = 11 
p-value 

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 

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 (36.4) 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) – 1 (9.1) 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 
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 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 Ulíbarri 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 

Variable Undernutrition degree 
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 
(count/mm3)  ≥ 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 

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, I., 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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Table 2.3 

Patient characteristics 

Patient group Overall 
n = 130 

No 
complications 

n = 107 

True 
flap loss 

n = 7 

Any flap 
complications 

n = 23 
p-value 

Demographical data 

Mean age, years 56.5 
(53.9–59.1) 

57.1  
(54.4–59.8) 

50.1  
(45.9–55.5) 

50.6  
(47.7–53.1) 0.123 

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 (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, 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) 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) 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) – – – 

* 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/l). 

2.4 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, I., 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”. 

https://doi.org/10.3390/jcm13185411
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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 

Patient group Overall 
n = 88 

No 
complications 

n = 64 

Any flap 
complications 

n = 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, 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 (7.8) 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 (7.8) 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 vWF:Ag analysis (collected in citrate tubes) were spun at 3500×/g 

for 10 min. Plasma samples were then stored at −80 °C until analysis. vWF: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-β1 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-β1 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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Table 2.5 

Patient characteristics 

Patient group Overall 
n = 44 

Complication 
group 
n = 22 

Control group 
n = 22 p-value 

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-β1 ELISA analysis 
All blood samples designated for TGF-β1 evaluation were frozen within 6 h after 

collection. Before storage, blood samples for TGF-β1 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-β1 evaluation was conducted following a single thaw cycle with 

the TGF-β1 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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3.3 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 vWF: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-β1 concentrations were further compared 

using the analysis of variance (ANOVA) test. TGF-β1 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 log10 

transformations of TGF-β1 in different surgical outcome groups. Diagnostic performance was 

evaluated based on the ROC curve and the AUC of the log10-transformed postoperative  

TGF-β1 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 

Patient group Overall 
n = 72 

No 
complications 

n = 61 

True flap 
loss 

n = 4 

Any flap 
complications 

n = 11 
p-value 

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 

Patient group Overall 
n = 72 

No 
complications 

n = 61 

True 
flap loss 

n = 4 

Any flap 
complications 

n = 11 
p-value 

Surgery  
duration, hours 

6.39 
(5.75–7.02) 

6.33 
(5.59–7.07) 

7.63 
(5.86–9.39) 

6.66 
(5.29–8.04) 0.235 

Intraoperative 
crystalloid  
volume, ml 

2345.83  
(2141.39–2550.28) 

2352.50 
(2133.31–2571.69) 

2875.00 
(1681.58–4068.42) 

2312.50 
(1608.14–3016.86) 0.145 

Intraoperative  
colloid volume, ml 

506.25 
(401.74–610.76) 

482.50  
(367.10–597.90) 

500.00 
(–) 

625.00  
(329.42–920.58) 0.471 

Intraoperative  
colloid-to-
crystalloid ratio 

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 

Intraoperative 
haematocrit, % 

30.60 
(29.20–32.00) 

29.58 
(27.70–31.45) 

31.50 
(25.15–37.85) 

34.40 
(30.32–38.48) 0.009* 

Vasopressors/ 
sympathomimetics 
used, n (%) 

41 (56.90) 36 (59.00) 2 (50.00) 6 (54.50) 0.549 

* 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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Table 4.3 

Biomarkers and nutritional systems for predicting any flap complications 

Patient group Overall 
n = 72 

No 
complications 

n = 61 

Any flap 
complications 

n = 11 
p-value 

Biomarkers 
Lymphocyte count 109/L 1.59 (1.39–1.79) 1.71 (1.49–1.92) 0.97 (0.67–1.26) 0.001* 
Monocyte count 109/L 0.55 (0.48–0.62) 0.58 (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 plasma 
cholesterol, mg/dl 

196.58  
(185.21–207.95) 

198.44  
(186.43–210.45) 

186.73  
(147.93–225.53) 0.310 

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). 

 

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 = 0.471). 

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 

 

  

Patient group Overall 
n = 130 

No 
complications 

n = 107 

True flap 
loss 

n = 7 

Any flap 
complications 

n = 23 
p-value 

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 

* 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). 

Patient group Overall 
n = 130 

No  
complications 

n = 107 

True  
flap loss 

n = 7 

Any flap 
complications 

n = 23 
p-value 

Anaesthesia and Surgical factors 
Surgery  
duration, hours 

6.25 
(5.74–6.76) 

6.35 
(5.76–6.94) 

7.25 
(6.11–8.39) 

5.79 
(4.67–6.91) 0.324 

Intraoperative  
crystalloid volume, ml 

2346.97  
(2190.41–2450.00) 

2340.74  
(2167.75–2513.74) 

2875.00 
(1681.58–4068.42) 

2375.00  
(1943.96–2086.04) 0.845 

Intraoperative colloid 
volume, ml 

507.58  
(426.18–588.77) 

481.48  
(390.71–572.25) 500.00 (–) 625.00  

(427.53–822.46) 0.564 

Intraoperative  
colloid-to-crystalloid 
ratio 

0.22  
(0.18–0.26) 

0.20  
(0.16–0.24) 

0.22  
(0.12–0.32) 

0.30  
(0.15–0.44) 0.364 

Intraoperative 
haematocrit, % 

30.94  
(29.69–32.20) 

31.02  
(29.66–32.38) 

33.00  
(29.33–36.67) 

30.55  
(26.58–34.538) 0.032* 

Vasopressors/ 
sympathomi-metics 
used, n (%) 

67 (51.54) 51 (47.66) 5 (71.43) 16 (69.56) 0.095 
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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 

Patient group Overall 
n = 130 

No 
complications 

n = 107 

True  
flap loss 

n = 7 

Any flap 
complications 

n = 23 
p-value 

Leukocyte  
count 109/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 109/L 

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 109/L 

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  
109/L 

244.97 
(230.81–259.14) 

244.00  
(228.21–259.79) 

202.00  
(148.94–255.05) 

249.52  
(214.99–284.04) 0.770 

Haemoglobin  
g/dl 

12.31  
(11.99–12.64) 

12.31  
(11.97–12.66) 

13.06  
(10.44–15.68) 

12.30  
(11.34–13.27) 0.632 

Mean plasma 
albumin, g/l 

38.90  
(38.12–39.69) 

39.34  
(38.54–40.14) 

41.16  
(34.67–47.65) 

36.91  
(34.50–39.32) 0.045* 

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 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.  

 
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. 

 
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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Table 4.6 

Patient blood type and laboratory values for predicting flap complications 

Patient group Overall 
n = 88 

No 
complications 

n = 64 

Any flap 
complications 

n = 24 
p-value 

Blood type 
Blood type, O, n (%) 35 (39.8) 26 (40.6) 9 (37.5) 0.539 

Laboratory values 
Leukocyte count 109/L 6.24 (5.76–6.73) 6.16 (5.56–6.75) 6.50 (5.62–7.38) 0.309 
Lymphocyte count 
109/L 

1.74 (1.53–1.94) 1.83 (1.58–2.09) 1.41 (1.14–1.68) 0.020 

Neutrophil count 109/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 109/L 0.56 (0.51–0.61) 0.56 (0.50–0.61) 0.56 (0.46–0.66) 0.839 
Red blood cell count 
109/L 4.08 (3.97–4.19) 4.18 (4.03–4.32) 4.27 (4.06–4.49) 0.625 

Platelet count 109/L 246.75  
(229.25–264.24) 

232.98  
(216.00–249.96) 

288.37  
(238.35–338.40) 0.021 

Haemoglobin g/dL 12.58  
(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) 

64.84  
(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) 

−2.77  
(−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/mL 13.9  
(10.09–16.29) 

13.03  
(9.33–16.7) 

13.73  
(7.26–20.20) 0.893 

 vWF:Ag, IU/dL 129.61  
(111.93–147.27) 

120.44  
(99.43–141.36) 

157.59  
(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 vWF: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). 

 
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. 

 
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-β1 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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Table 4.7 

Laboratory values for predicting flap complications 

Patient group Overall 
n = 44 

Complication group 
n = 22 

Control group 
n = 22 p-value 

Intraoperative and anaesthesia considerations 

Surgery duration, hours 6.03  
(5.48–6.58) 

5.93  
(5.20–6.66) 

6.18  
(5.18–7.18) 0.739 

Total intraoperative  
crystalloids, mL 

2460.00  
(2421.59–2498.41) 

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 

Intraoperative 
haematocrit, % 

34.50  
(33.30–35.70) 

33.75  
(31.76–35.74) 

36.00  
(34.16–37.84) 0.097 

Vasopressors/ 
sympathomimetics  
used, n (%) 

15  
(34.1 %) 

10  
(45.5 %) 

5  
(22.7 %) 0.112 

Laboratory values 
Red blood cell count, 
109/L 

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/L 

6.36  
(5.57–7.17) 

6.50  
(5.62–7.38) 

6.25  
(4.91–7.59) 0.418 

Lymphocyte count, 
109/L 

1.67  
(1.48–1.86) 

1.63  
(1.31–1.93) 

1.71  
(1.45–1.96) 0.497 

Neutrophil count, 109/L 3.90  
(3.13–4.67) 

4.06  
(3.28–4.84) 

3.76  
(2.44–5.09) 0.162 

Monocyte count, 109/L 0.56  
(0.50–0.63) 

0.56  
(0.47–0.66) 

0.57  
(0.47–0.66) 0.958 

Platelet count, 109/L 258.95  
(230.52–287.38) 

288.37  
(238.33–338.40) 

233.55  
(202.96–264.14) 0.092 

Haemoglobin, g/dL 12.43  
(11.90–12.95) 

12.87  
(12.13–13.61) 

12.05  
(11.28–12.81) 0.087 

Haematocrit, % 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/L 38.77  
(37.58–39.95) 

39.00  
(37.05–40.96) 

38.55  
(36.98–40.11) 0.668 

CRP, mg/L 8.40  
(3.90–12.91) 

6.93  
(3.25–10.61) 

9.87  
(1.23–18.51) 0.718 

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/l 1.27  
(1.16–1.39) 

1.17  
(1.01–1.32) 

1.37  
(1.20–1.54) 0.094 

LDL-C, mmol/l 2.89  
(2.57–3.21) 

2.84  
(2.49–3.19) 

2.93  
(2.38–3.49) 0.950 

Preoperative TGF-β1, 
ng/ml 

2.64 
(2.25–3.03) 

2.68  
(2.13–3.24) 

2.60  
(2.01–3.20) 0.771 

Postoperative TGF-β1, 
ng/ml 

3.12  
(2.71–3.53) 

3.48  
(2.90–4.06) 

2.77  
(2.20–3.35) 0.072 

* Data is presented as mean (CI95); CRP – C reactive protein; HDL-C – High density lipoprotein cholesterol; 
LDL-C – Low density lipoprotein cholesterol; TGF-β1 – Transforming growth factor beta-1. 
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When evaluating different surgical indications, patients undergoing surgery for defects 

exhibited the highest postoperative TGF-β1 concentrations, followed by those treated for 

oncological reasons, while trauma patients had the lowest preoperative TGF-β1 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-β1, postoperative TGF-β1, or  

the postoperative change in TGF-β1 when comparing different reconstruction sites or flap types. 

Postoperative changes in TGF-β1 were positively correlated with preoperative 

fibrinogen (r = 0.369, p = 0.021) and preoperative CRP (r = 0.333, p = 0.036). Additionally, 

postoperative TGF-β1 levels showed positive correlations with preoperative haemoglobin 

(r = 0.328, p = 0.029) and haematocrit (r = 0.341, p = 0.031). No significant associations were 

observed between preoperative TGF-β1 levels and any of the analysed preoperative biomarkers. 

The aforementioned correlation analyses are summarised in Figure 4.6. 

 
Figure 4.6. Correlation analysis between transforming growth factor beta-1 and  

selected biomarkers in microvascular flap surgery patients 
* Pre-op – preoperative; TGF-β1 – transforming growth factor beta-1; Δ TGF-β1 – 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-β1 concentrations were positively associated with 

preoperative plasma fibrinogen (p = 0.020) and plasma CRP (p = 0.021). Postoperative  

TGF-β1 concentrations were positively associated with preoperative haemoglobin (p = 0.009) 
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and haematocrit (p = 0.039). The associations between perioperative TGF-β1 and preoperative 

biomarkers are summarised in Figure 4.7. 

 
Figure 4.7. Association between perioperative TGF-β1 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): 

Q1 < 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-β1 – transforming growth factor beta-1. Data are presented as the mean (CI95). 

The largest increase in the postoperative log10 of TGF-β1 (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-β1 (−0.089, −0.233–0.056, p = 0.002). Analysis of the predictive accuracy 

of postoperative changes in TGF-β1 for true flap loss found that the AUC for log10 of TGF-β1 

was 0.797 (0.588–0.997, p = 0.005). A postoperative change in TGF-β1>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-β1 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 log10 of TGF-β1 for 

different surgical outcomes are illustrated in Figure 4.8. 

 

Figure 4.8. Postoperative changes in log10 of TGF-β1 for different  
surgical outcomes: ANOVA test comparisons of postoperative changes in log10 of  

transforming growth factor beta-1 in different surgical outcome groups 
* TGF-β1 – 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. 

 
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. 

 
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 (Košec 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 Košec and co-authors who reported no such 

association (Košec 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  

et al., 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 Ulíbarri 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 

et al., 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 

et al., 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 vWF:Ag can lead to 

thrombosis (Westein et al., 2013). The concept of vWF 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 vWF: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 (Möller 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 (Möller 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 vWF: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-β1 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-β1 is linked to true 

flap loss and, to a smaller extent, minor flap complications. Increased postoperative changes in 

TGF-β1 are linked to increased CRP and fibrinogen. Increased postoperative TGF-β1 

concentrations are linked to increased preoperative haematocrit and haemoglobin. 

While TGF-β is secreted by many cell types, platelets contribute approximately 45 % of  

the total TGF-β present in plasma, and TGF-β1 is its main isoform, accounting for 95 % of  

the total TGF-β (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-β1 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-β1. Prior 

research indicates that shear stress can activate latent TGF-β1 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-β1 release (Walshe et al., 2013). Co-secreted proteins such as 

thrombospondin-1 can further enhance TGF-β1 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-β1 may itself increase 

shear stress on circulating platelets, and hypercholesterolemia has been shown to promote TGF-β1 

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-β1 has been previously studied only 

in the context of chronic vessel wall changes (Gómez-Bernal 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-β1 secretion (Boknäs et al., 2014). This process 

enhances monocyte tissue factor expression, increasing thrombin generation and contributing to 

inflammation and coagulation (Pihusch et al., 2005). 

TGF-β1 also plays a role in the regulation of thrombosis (Jiang et al., 2022). Zhang  

et al. showed that TGF-β1 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-β1 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-β1 Promotes Deep Vein Thrombosis. 

Thrombosis and haemostasis, 124(7), 641–648. 

A study by Jiang et al. revealed that elevated platelet-derived TGF-β1 levels in portal 

venous thrombosis are associated with hypercoagulability and endothelial dysfunction  

(Jiang et al., 2022). However, the absence of TGF-β1 did not affect arterial thrombosis in mice 

(Zhang et al., 2024). While our results showed that a postoperative increase in TGF-β1 was 

linked to true flap loss, there was no link between increased preoperative TGF-β1 and the risk 

of true flap loss. Our findings corroborate recent evidence that platelet-derived TGF-β1 

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-β1 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-β1 may indicate pedicle kinking, progressive anastomotic thrombosis and 

impending flap failure, as thrombus formation increases local TGF-β1 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-β1 and preoperative plasma 

fibrinogen, which is a known risk factor for flap thrombosis (Handschel et al., 2013). 
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Postoperative TGF-β1 was also associated with preoperative haemoglobin and 

haematocrit. Though TGF-β1 correlates with haemoglobin in systemic lupus erythematosus, 

we did not observe an association between preoperative TGF-β1 and haematocrit in our cohort 

(Gómez-Bernal et al., 2022). Haematocrit may influence TGF-β1 through its effect on blood 

viscosity, which increases shear stress (Leo et al., 2020; Ameenuddin et al., 2019). Since 

platelet-derived TGF-β1 release is stimulated by shear stress, higher viscosity may increase 

TGF-β1 secretion at stenotic sites, including microvascular anastomoses (Wang et al., 2014). 

However, considering our study methodology, elevated viscosity may have also promoted 

TGF-β1 release during sample collection (Karolczak et al., 2021). 

The observed postoperative rise in TGF-β1 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-β1 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-β1 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-β1 dynamics and clinical events. 

This study has several limitations. First, TGF-β1 levels vary considerably across 

physiological and pathological conditions, many of which were not addressed by our exclusion 

criteria (Karolczak et al., 2021). Tracking TGF-β 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-β1 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-β1 levels (Wang et al., 2014). 

Finally, postoperative TGF-β1 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-β1 in microvascular flap surgery.
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Conclusions 

1. 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. 

2. 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. 

3. 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. 

4. Elevated preoperative vWF:Ag levels above the cut-off of 163.73 IU/dL are linked to 

increased risk of true flap loss. Preoperative vWF:Ag concentration is positively associated 

with inflammatory biomarkers including increased fibrinogen, NLR, IL-6, CRP, and 

decreased plasma albumin, supporting the role of vWF:Ag as a predictive marker for true 

flap loss. 

5. Postoperative increase in TGF-β1 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. 

6. 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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