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Introduction

Microvascular free flap surgery represents a cornerstone technique in reconstructive
surgery, with successful outcomes dependent on meticulous restoration of blood flow through
small-vessel anastomoses. Despite advances in microsurgical techniques and perioperative
management, thrombotic complications remain the primary cause of flap failure, occurring in
2-9 % of cases (Bowman, 2011; Friedman, 2010). These complications represent a complex
pathophysiological process governed by Virchow’s triad: hypercoagulability, endothelial
dysfunction, and haemodynamic alterations (Kumar, 2010).

While technical and mechanical aspects have been extensively studied, the role of
genetic factors in thrombotic complications has received relatively less attention in
microvascular surgery (Khansa, 2011). Recent advances in molecular genetics have highlighted
the potential influence of inherited factors on thrombotic events (Friedman, 2010). Single
nucleotide variants (SNVs) in genes regulating coagulation pathways may contribute
significantly to individual thrombotic risk variation.

Five genetic variants have been implicated in thrombotic disorders: Factor V Leiden
(rs6025), the most prevalent inherited thrombophilia in Caucasians (2—15 % frequency),
conferring 3—8-fold increased venous thrombosis risk through resistance to activated protein C
(Rees, 1995; Rosendaal, 1995; Segers, 2007); Prothrombin G20210A (rs1799963), occurring
in 1-3 % of Caucasians with 2—3-fold increased risk due to elevated plasma prothrombin levels
(Poort, 1996; Simone, 2013); Fibrinogen Gamma Chain (rs2066865), affecting clot structure
and stability, with fibrinogen elevation during inflammatory states, trauma, and malignancy
(de Willige, 2005; Griinbacher, 2007; van Hylckama Vlieg, 2003); SERPINC1 (rs2227589),
affecting antithrombin with 10-20-fold increased thrombosis risk when deficient
(Zoller, 1999); and MTHFR C677T (rs1801133), influencing homocysteine metabolism with
associated thrombotic events (Goyette, 1998; Liew, 2015).

While extensive epidemiological data support associations between these variants and
thrombotic risk in general populations, their specific relevance to microvascular surgical
outcomes remains inadequately described. Previous investigations demonstrated Factor V
Leiden carriers exhibit 3—7-fold increased venous thrombosis risk (Kujovich, 2011), while
prothrombin G20210A carriers show 2—3-fold elevated risk (Simone, 2013). However, limited
studies have focused specifically on genetic contributions to thrombosis in microvascular free
flap surgery. The unique haemodynamic environment of microvascular anastomoses, combined
with surgical trauma-induced prothrombotic states, may amplify the clinical significance of

genetic thrombophilic variants. Identification of genetic markers associated with increased



thrombotic risk could revolutionise preoperative risk assessment and guide personalised

anticoagulation strategies, potentially improving surgical outcomes.

Aim of the Thesis
The aim of the Thesis was to determine whether specific genetic polymorphisms
associate with increased thrombotic complications in microvascular free flap surgery with goal

of developing genetic risk stratification parameters for individualised perioperative care.

Tasks of the Thesis

1. To identify patients with single nucleotide variants: rs6025 in F'V gene; rs1799963 in
prothrombin gene; 152066865 in FGG; rs2227589 in SERPINCI and rs1801133 in
MTHFR.

2. To examine and evaluate the association between determined single nucleotide
variants and microvascular free flap thrombosis incidence.

3. To evaluate the impact of acquired thrombophilia factors on microvascular free flap
thrombosis incidence.

4. To estimate the thrombosis risk in patients carrying combined factors (i. e. single

nucleotide variants and acquired thrombophilia factors).

Hypotheses of the Thesis

Patients carrying variants in genes affecting haemostatic function (rs6025 in FV Leiden;
Prothrombin rs1799963; rs2066865 in FGG; rs2227589 in SERPINCI; and/or rs1801133 in

MTHFR) would demonstrate increased incidence of flap thrombosis.

Novelty of the Thesis

This study presents a novel approach to understanding thrombotic complications in
microvascular free flap surgery by establishing an assessment model that combines genetic
polymorphism analysis with standardised perioperative protocols. The main aspect lies in the
systematic evaluation of both inherited thrombophilic traits and acquired coagulation changes,
providing a foundation for personalised risk assessment and targeted prophylactic strategies in
reconstructive microsurgery. This integrated approach offers insight into the multifactorial
nature of flap thrombosis and presents potential pathways for improving surgical outcomes

through genetically informed clinical decision-making.



1 Materials and methods

1.1  Study design and patient enrolment

This observational prospective case series study was conducted from December 2016 to
July 2019 at the Centre of Plastic and Reconstructive Microsurgery of Latvia. Following
application of stringent inclusion and exclusion criteria, 155 adult patients scheduled for
microvascular free flap surgery were enrolled. The study protocol and informed consent form,
including genetic material donation request, received approval from the Latvian Central Ethics
Committee (No 1/28-11-16), ensuring adherence to international ethical guidelines and patient
rights protection.

Inclusion criteria comprised all adult patients undergoing microvascular free flap
surgery with signed informed consent.

Exclusion criteria were established to mitigate participant risk and enhance study
reliability:

e Pregnancy and peripartum period: Excluded due to confounding gestational and

postpartum physiological alterations.

e Recent transfusions: Patients receiving allogeneic blood components and/or
coagulation factors within 72 hours prior to surgery were excluded to prevent
confounding variables affecting outcomes.

o Cardiac conditions: Individuals with proven left ventricular failure were excluded
to avoid complications interfering with surgical success and recovery.

e Bone marrow and liver transplantations: Patients with allogenic bone marrow or
liver transplantation were excluded due to complex recovery factor interplay and
potential outcome impact.

o End-stage kidney diseases: Excluded due to confounding systemic alterations.

o Recent medication use: Direct oral anticoagulants required cessation 72 hours
before sample collection. Vitamin K antagonists were halted 4-5 days preoperatively
based on INR levels. High thrombosis risk patients were switched to
low-molecular-weight heparin, discontinued 12 hours prior to surgery.

Standardised interviews conducted by the same clinician collected patient history
including previous thrombotic events, antithrombotic medication use, regular medications
(including oral contraceptives), family history of thrombotic events, and previously diagnosed
inherited thrombophilias. Tissue injury factors were recorded, with recent trauma defined as
occurring within 30 days for trauma or polytrauma aetiology. Positive thrombosis history

included any arterial or venous thrombotic event.



1.2 Genotyping

Blood samples were collected preoperatively prior to anaesthetic induction and
crystalloid administration, then transported to the Latvian Biomedical Research and Study
Centre for analysis.

DNA extraction and quality assessment: Genomic DNA was extracted from
peripheral blood leukocytes using standardised phenol-chloroform extraction protocol.
Extracted DNA underwent spectrophotometric quality assessment (260/280 ratio) and
concentration determination. DNA integrity was verified through gel electrophoresis.

SNV genotyping: Single nucleotide variant genotyping employed TagqMan
Pre-Designed SNP Genotyping Assays (Applied Biosystems, Foster City, California, USA) on
ViiA 7 Real-Time PCR system (Applied Biosystems). Specific assays included:
C 11975250 10 for Factor V Leiden (rs6025), C 1799963 10 for prothrombin gene
(rs1799963), C 11503414 10 for Fibrinogen Gamma (rs2066865), C 16180170 10 for
SERPINCI (rs2227589), and C_1202883 20 for MTHFR (rs1801133).

PCR protocol: Reaction mixture comprised 12.5 uL. TagMan Universal PCR Master
Mix, 0.625 uL SNP Genotyping Assay (40x), 2 uL DNA template (10 ng/uL), and 9.875 uL
nuclease-free water (total volume 25 pL). Thermal cycling conditions included: initial
AmpErase UNG activation (50 °C, 2 minutes), polymerase activation (95 °C, 10 minutes), 40
cycles of denaturation (95°C, 15 seconds) and annealing/extension (60 °C, 1 minute),
concluding with final extension (72 °C, 1 minute).

Quality control: Concurrent analysis of known homozygous wild-type, heterozygous,
and homozygous variant controls alongside no-template controls. Genotype determination
through allelic discrimination plots and cluster analysis. Validation criteria: minimum 95 % call
rate, Hardy-Weinberg equilibrium assessment, and control sample concordance verification.
Internal quality assurance maintained through duplicate testing of 10 % of samples and
cross-platform verification where applicable. All procedures followed manufacturer’s
recommendations with comprehensive documentation of reaction conditions, reagent lot
numbers, and equipment calibration status. Data analysis utilised manufacturer’s software

(Applied Biosystems) with standardised analytical parameters.

1.3 Clinical laboratory investigation
Blood samples were drawn on surgery day prior to anaesthesia induction and crystalloid
infusion, with all tests processed within one hour at “NMS-Laboratorija” Ltd facility.
Fibrinogen: Total plasma fibrinogen concentration measured by Clauss method
(Mackie, 2003) in citrated plasma using STA-R COMPACT (Diagnostika Stago,

Asnieres-sur-Seine, France). Reference range: 2—4 g/L.



Activated protein C resistance: Modified APC-R test with patient plasma diluted 1:4
with FV-deficient plasma. Parallel testing with/without APC using APTT-based clotting time
measurement. Reference ranges: normal >2.1, borderline 1.8-2.1, abnormal < 1.8,
heterozygous FVL typical 1.5-1.8, homozygous FVL typical < 1.5.

Prothrombin time: Reagent containing thromboplastin and calcium chloride mixed
with patient plasma; time to clot formation measured photo-optically. Reference range:
70—130 %.

Homocysteine: Concentration investigated with Chemiluminescent Immunoassays
(CLIA). Reference range: 5—12 umol/L.

Antithrombin: Chromogenic assay with reference range 75-125 %.

1.4  Anaesthesia and intraoperative patient monitoring
Three anaesthesia types were conducted based on patient needs: standardised general

anaesthesia, regional anaesthesia, or combination of regional and general anaesthesia.

Standardised general anaesthesia protocol

Preoperative phase: Pre-medication with Midazolam 0.02-0.04 mg/kg IV (maximum
2 mg). Prophylactic antibiotics per institutional guidelines. Antiemetic prophylaxis:
Dexamethasone 8 mg IV + Ondansetron 4 mg IV.

Induction phase: Pre-oxygenation with 100 % O: for 3 minutes via face mask.
Induction medications: Fentanyl 1-2 mcg/kg IV, Propofol 1.5-2.5 mg/kg IV, Cisatracurium
0.15-0.2 mg/kg IV.

Maintenance phase: Inhalational agent: Sevoflurane MAC 0.8—-1.2 in O2/Air mixture
(FiO2 0.4-0.5). Analgesia: Fentanyl 0.5-1 mcg/kg/h continuous infusion or Remifentanil
0.05-0.2 mcg/kg/min continuous infusion. Muscle relaxation: Cisatracurium 0.1-0.2 mg/kg/h

maintaining TOF 1-2 twitches.

Standardised regional anaesthesia protocol

For upper and lower extremities: Long-acting agents Ropivacaine
0.2-0.5 % or Bupivacaine 0.25-0.5 %, volume 20-30 ml with maximum dosage calculation.
Adjuvants: Dexamethasone 4-8 mg. Neural blockade performed utilising dual guidance:
real-time ultrasonographic visualisation and peripheral nerve stimulation (Stimuplex, B. Braun,

Melsungen, Germany) ensuring precise anatomical localisation.



Fluid management and monitoring
Fluid management: Maintenance with  balanced crystalloid  solution
4-6 mL/kg/h and additional boluses based on clinical assessment. Central catheter and
indwelling urinary catheter placement for surgeries exceeding 2 hours.
Target parameters:
e Haemodynamic goals: Mean arterial pressure 70-80 mmHg, heart rate
60—80 beats/minute
e Central venous pressure: Optimal range 4-6 mmHg (not exceeding 10 mmHg due to
venous congestion risk)
o Urinary output: 0.5-1.0 mL/kg/h
o Haematocrit: 30-35 %
e Temperature management: Core temperature (nasopharyngeal) 36.0-37.0 °C,
At (core-peripheral) <1 °C, utilising fluid warmer and forced-air warming device
Multimodal analgesia: Paracetamol 1g IV or Metamizole 1g IV and Dexketoprofen

50 mg IV (if not contraindicated).

Recovery room monitoring: American Society of Anesthesiologists (ASA) standard

monitoring, flap perfusion assessment, temperature monitoring, pain management.

1.5  Statistical analysis

Statistical analysis was performed using Statistical Package for Social Science (SPSS)
V.23 (IBM Korea, Seoul, Korea). The Kolmogorov-Smirnov test assessed normal distribution.
Normally distributed continuous variables were presented as mean + standard deviation
(M + SD) and categorical variables as percentages (%). Non-normally distributed values were
presented as medians and interquartile ranges (IQRs). Odds ratios and 95 % confidence
intervals evaluated factor impacts between groups. Comparisons between genotype groups
employed Kruskal-Wallis H tests for nonparametric variables and ANOVA for parametric
variables. Pearson’s y* correlation coefficient and p-values were calculated, with Spearman’s
rank correlation coefficient used where applicable. Statistical significance assumed two-tailed
p <0.05.

Thrombosis risk assessment: Primary analysis used logistic regression models for
each SNV with subsequent calculation of odds ratios (OR), 95 % confidence intervals, and
adjusted p-values. Allele distribution analysis employed Chi-square test for genotype
frequencies, Fisher’s exact test (when n < 5), and odds ratios for allele frequencies. Combined
genetic risk analysis utilised multiple logistic regression and genetic risk score calculation with

ROC curve analysis (AUC).
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Risk prediction models: Multivariable logistic regression employed three predictor

categories:
Genetic variants: FV 1s6025, FII rs1799963, FGG rs2066865, SERPINCI

152227589, MTHFR rs1801133

e Acquired coagulation changes: Fibrinogen, homocysteine, APCR, prothrombin,

antithrombin
o Confounding factors: Age, gender, smoking

Statistical power and sample size calculations for genetic association assumed o = 0.05

and = 0.20.
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2 Results

2.1 Study population characteristics

Following application of inclusion and exclusion criteria, 162 consecutive patients were
initially enrolled, with seven subsequently excluded due to incomplete data sets, resulting in
a final study population of 155 subjects. The cohort comprised 118 males (76.1 %) and
37 females (23.9 %), with mean age 45.07 + 14.94 years. Aectiologies including trauma
(44.5 %), chronic inflammation (20 %), malignancy (18 %), and polytrauma (7.7 %). Defect
localisation predominantly involved lower extremities (54.8 %), followed by upper extremities
(23.2 %) and head/orofacial regions (18.7 %). Notable patient characteristics included smoking
(41.3 %), recent trauma < 30 days (32.9 %), family history of thrombosis (13.5 %), alcohol
abuse (11.6 %), metabolic disturbances (9.7 %), and personal history of thrombosis (6.5 %).

Flap thrombosis occurred in 14 patients (9 %), with complete flap loss in 8 cases
(5.16 %) despite salvage attempts and partial flap loss in 5 cases (3.22 %), yielding overall
microvascular flap survival success rate of 94.84 %. Venous thrombosis occurred more
frequently than arterial thrombosis (71.4 % of cases either alone or combined with arterial
complications). Despite aggressive surgical intervention, partial or complete flap necrosis
occurred in 64.3 % of patients (n=9), necessitating alternative reconstructive strategies
including local flaps, split-thickness skin grafts (STSG), and negative pressure wound therapy
(NPWT). Cases involving both arterial and venous thrombosis demonstrated higher flap
necrosis rates, emphasising dual circulation compromise importance in determining outcomes.

Individual case series analysis of 14 patients with microvascular thrombosis revealed
notable patterns. All cases carried at least one genetic variant, with MTHFR rs1801133 most
prevalent (10/14, 71.4 %), followed by FGG 1s2066865 (7/14, 50 %) and SERPINCI
1s2227589 (5/14, 35.7 %).

Only one patient with thrombotic complications carried Factor V Leiden variant, also
harbouring FGG variant with correspondingly elevated fibrinogen levels and reduced APCR
values. Laboratory abnormalities were consistently present in patients carrying corresponding
genetic variants, with elevated fibrinogen in all ¥GG variant carriers and elevated homocysteine

in most MTHFR variant carriers.

2.2 Genetic variant frequencies
The most prevalent genetic variants were MTHFR 1s1801133 (26.5 %), while
Prothrombin G20210A (rs1799963) showed lowest frequency (1.3 %), consistent with

population studies (Table 2.1).
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Table 2.1

Comparison of genetic variant frequencies between study cohort and reference population

Variant Allele Variant Allele
Gene, variant Frequency in Frequency in Frequency
(legacy name) the large cohort” the study group, % Fold change
(n=605) (n =155)
Factor V, rs6025 o o
(Factor V Leiden) 18/1210, 1.5 % 7/310,2.1 % 1.33
Factor II, rs1799963 o N
(Prothrombin G20210A) 15/1210, 1.2 % 4/310, 1.3 % 1.01
FGG, 152066865 301/1210, 24.9 % 68/310, 22 % 0.93
SERPINCI, 152227589 118/1210, 9.8 % 30/310, 9.7 % 1.01
MTHFR, rs1801133 356/1210, 29.4 % 82/310, 26.5 % 0.91

*Large cohort— Development of Latvian Population Genome Reference. European Recovery Fund funded project

No 4.1.1.r.0/3/22//'VM/001.

Comparison with large Latvian population reference cohort (n=605) showed very

similar allele frequencies without statistically significant differences, confirming genetic

comparability and supporting study representativeness and validity. Frequency fold changes

ranged from 0.91 (MTHFR) to 1.33 (Factor V Leiden). Rare variants like Factor V Leiden and

G20210A had low frequencies, limiting power for rare variant analysis. Overall genetic

consistency validates broader applicability of findings.

Frequency distribution of five thrombophilia-associated genetic variants analysed

according to thrombosis status (Table 2.2) showed no statistically significant associations.

Table 2.2
Frequency of genetic variants by thrombosis status
Variant allele Variant allele
Gene, variant frequeflcy in frequency in OR
(legacy name) thrombotic group, no-thrombosis (CL, 95 %) p
gacy alleles/% group, alleles/% ’ 0
(n, 14) (n, 141)

Factor V, rs6025 o o 0.84
(Factor V Leiden) 1/28,3.6% 6/282,2.1% (0.05-15.60) !
Factor II, rs1799963 788
(Prothrombin 1/28, 3.6 % 3/282,1.1 % © 26;32 30) 0.245
G20210A) ) )

1.36

) V)

FGG, 152066865 8/28,28.6 % 60/282,21.3 % (0.67-2.76) 0.375
SERPINCI, o o 1.46
2227589 5/28,17.9 % 25/282, 8.9 % (0.59-3.62) 0.448

1.28

) V)

MTHFR, rs1801133 11/28,39.3 % 71/282,25.2 % (0.67-2.45) 0.5

FVL — Factor V Leiden; FII — prothrombin gene; FGG — fibrinogen gamma chain gene; MTHFR— methylene
tetrahydrofolate reductase. Odds ratios (OR) with 95 % confidence intervals (CI) for five genetic variants.
Statistical analysis was performed using Fisher’s exact test, significance level o = 0.05 (two tailed).
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Prothrombin G20210A showed strongest association (OR = 2.88, 95 % CI: 0.26-32.30,
p = 0.245), followed by SERPINCI 152227589 (OR =1.46, p=0.448), FGG 152066865
(OR =1.36, p=0.375), MTHFR rs1801133 (OR =1.28, p=0.500), and Factor V Leiden
(OR =0.84, p =1.000). P-values ranged from 0.245 to 1.000, indicating insufficient statistical
power to detect associations with thrombosis outcome. Wide confidence intervals across all
variants reflect limited precision of effect estimates due to relatively small sample size,
particularly for rare variants.

All examined variant genotype frequencies were in Hardy-Weinberg equilibrium,
describing state where allele and genotype frequencies remain constant in studied population,

validating genetic analysis quality.

2.3 Association of genetic variants and coagulation parameters

Genotype-phenotype correlation analysis (Table 2.3) encompassed all five targeted
variants and associated proteins.

Significant associations: Factor V Leiden carriers (C/T genotype) demonstrated
significantly reduced APCR values (1.19 = 0.17) compared to wild-type (2.02 £ 0.32,
p =0.006), confirming functional impact on protein C resistance. FGG 152066865 variant
showed clear gene-dose effect, with fibrinogen levels progressively increasing from G/G

carriers (4.08 = 1.32 g/L) to G/A carriers (4.64 + 1.74 g/L, p=0.04) and A/A carriers

(5.57+ 1.81 g/L, p = 0.004 compared to G/G) (Table 2.3).

Table 2.3
Analysed SNVs and determined proteins in studied population (n, 155)
SNVs and genotype distribution in Determined protein reference interval

study group (min; -max) M (£SD) p
rs6025 FV (C>T) APCR (<1.8)
C/C (n=148) 2.02 (0.32) 0.006
C/T(n=7) 1.19 (0.17) '
T/T (n=0) -
rs1799963 F2 (G>A) PT (70-130 %)
G/G (n=152) 94.38 (20.34)
G/A (n=2) 95.50 (20.51) s
A/A(n=1) 106.00
152066865 FGG (G>A) Fibrinogen (2—4 g/L)
G/G (n=92) 4.08 (1.32)" 0.04
G/A (n=54) 4.64 (1.74)" 0.004*
A/A (n=9) 5.57 (1.81)*
rs2227589 SERPINC1 (C>T) AT (75-125 %)
C/C (n=126) 89.57 (14.14)
C/T (n = 28) 97.89 (14.52) s
T/T (n=1) 92.10

14



Table 2.3 continued

SNVs and genotype distribution in Determined protein reference interval
study group (min; -max) M (£SD) p
rs1801133 MTHFR (G>A) Homocysteine (5—12 mkmol/L)
G/G (n=83) 10.71 (4.17)
G/A (n = 62) 13.61 (5.44) s
A/A (n=10) 13.50 (5.8)

Values are presented as mean, + SD, sig. 2-tailed p < 0.05; SNV — single nucleotide variant; APCR — activated
protein C resistance; FVL — Factor V Leiden; F2 — prothrombin gene PT — prothrombin; FGG — fibrinogen gamma
chain gene; MTHFR — methylene tetrahydrofolate reductase gene; AT — antithrombin.

Non-significant associations: Prothrombin G20210A, SERPINCI, and MTHFR
variants did not demonstrate statistically significant associations with respective protein
products, possibly due to small sample sizes for variant carriers or acute-phase reaction
influences. MTHFR rs1801133 showed non-significant association with plasma homocysteine
and SERPINC] rs22275809 carriers showed no significant antithrombin activity differences.

Baseline coagulation parameters stratified by thrombosis status (Table 2.4) revealed
only two statistically significant differences. APCR was significantly lower in patients
developing thrombosis (1.83 vs 2.01, p=0.043). Conversely, homocysteine levels were
unexpectedly lower in thrombosis patients (7.9 vs 11.1 pmol/L, p =0.029), contradicting
established hyperhomocysteinemia-thrombotic risk associations, requiring cautious
interpretation due to small thrombosis group sample size. No significant differences were

observed in prothrombin time, fibrinogen concentration, or antithrombin activity.

Table 2.4
Baseline coagulation parameters according to thrombosis status
. No-Thrombosis group Thrombosis group
Variable n, 141 n, 14 p

PT, % 97.0 (85.0-109.0) 102.5 (89.3-116.8) 0.26
APCR 2.01 (1.75-2.22) 1.83 (1.69-1.9) 0.043

Fibrinogen, g/L 4.08 (3.18-5.32) 4.28 (3.78-4.78) 0.60
AT 89.1(79.9-97.4) 96.2 (85.4-111.8) 0.231
Hme, mkmol/L 11.1 (8.4-14.6) 7.9 (7.1-8.4) 0.0029

Data are presented as median (interquartile range). P were calculated using the Mann-Whitney U test. p < 0.05
was considered statistically significant. PT — prothrombin time, APCR — activated protein C resistance,
AT — antithrombin, Hmc — homocysteine.

Forest plot analysis (Figure 3.1) evaluating five coagulation parameters using clinically
relevant cut-off values revealed distinct patterns. APCR<2.0 emerged as most clinically
relevant biomarker (OR = 2.45, 95 % CI: 1.02-5.89, p = 0.043). Homocysteine > 12 umol/L
showed unexpected protective association (OR = 0.35, 95 % CI: 0.14-0.87, p = 0.029).
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DT‘I 01.2 0.’5 1.0 210 5?0
Odds Ratio (95% Confidence Interval)
Parameter OR (95% CI) P-value Sig.
Prothrombin time>100% 1.28 (0.45-3.64) 0.260 ns
APCR<2.0 2.45(1.02-5.89) 0.043 *
Fibrinogen>4.0 g/L 1.15(0.41-3.22) 0.600 ns
Antithrombin<90% 0.72 (0.25-2.07) 0.231 ns
Homocysteine>12 pmol/L 0.35 (0.14-0.87) 0.029 *

Figure 3.1 Forest plot of coagulation parameters associated with free flap thrombosis

Data points represent odds ratios with 95 % confidence intervals for coagulation parameters.

Filled circles indicate statistically significant associations (p < 0.05), while hollow circles represent
non-significant findings (p > 0.05). The vertical line at OR = 1.0 represents no effect. APCR < 2.0 was
significantly associated with increased thrombosis risk (OR =2.45, 95 % CI: 1.02-5.89, p = 0.043).
Homocysteine > 12 pmol/L showed an unexpected protective association (OR = 0.35, 95 % CI: 0.14-0.87,
p = 0.029). Sample size: n = 155 patients with 14 thrombotic events.

Traditional coagulation parameters including prothrombin time > 100 % (OR = 1.28,
p =0.260), fibrinogen > 4.0 g/L. (OR = 1.15, p = 0.600), and antithrombin <90 % (OR = 0.72,
p =0.231) showed no significant associations, suggesting routine coagulation screening may

have limited predictive value.

24 Combined risk factor analyses

Three logistic regression models assessed predictive power of different factor sets
(Figure 3.2). Genetic-only model for polymorphisms FV 156025, FII rs1799963, FGG
152066865, SERPINC1 12227589, MTHFR 1rs1801133 showed pseudo R-squared 0.02327,
suggesting genetic variants alone explain very small variance proportion in flap thrombosis.
No individual genetic variants showed statistically significant association (all p > 0.05),

indicating these factors are not strong flap thrombosis predictors in studied group.
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Coagulation-only model showed pseudo R-squared 0.05983, modestly higher than
genetic-only model, suggesting coagulation factors explain slightly larger variance proportion.
APCR showed statistically significant negative association with flap thrombosis (p = 0.035),
consistent with previous results confirming Factor Leiden functional impact on APCR.

Combined model with confounders showed highest pseudo R-squared (0.08160),
suggesting including all genetic, coagulation, and confounding factors explains slightly larger
but still limited variance proportion. In combined model, no genetic variants, coagulation
factors, or confounding factors showed statistically significant association (all p > 0.05).
Previously borderline significant homocysteine (p = 0.075) and APCR (p =0.071) no longer
reached the 0.05 threshold suggesting that, when controlling for other factors, their individual

predictive power diminishes.

—— Genetic Model (AUC =0.61)

Coagulation Model (AUC = 0.65)
—— Combined Maodel (AUC = 0.69)
=== Random Chance

0.8 4
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Figure 3.2 ROC Curves for Logistic regression models for three categories of predictors

Genetic model AUC = 0.61 (very poor discriminatory power, slightly better than random chance AUC = 0.50);
Coagulation model AUC = 0.65 (slightly better discriminatory power, modest ability distinguishing patients
with/without flap thrombosis); Combined model AUC = 0.69 (highest among three but still weak to moderate
discriminatory power, indicating limited overall flap thrombosis prediction ability despite
incorporating more information).

Forest plot analysis (Figure 3.3) examining genetic polymorphisms and thrombotic
complications showed: Factor V Leiden OR = 0.84 (95 % CI: 0.05-15.60, p = 0.762), with one
thrombotic event among 7 carriers; Prothrombin G20210A OR = 2.88 (95 % CI: 0.26-32.30,
p =0.245), strongest association among five variants; FGG 152066865 OR =1.36
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(95 % CI: 0.67-2.76, p=0.375), emerging as mild genetic predictor with relatively narrow
confidence interval suggesting potential clinical relevance; SERPINCI 152227589 OR = 1.46
(95% CI: 0.59-3.62, p=10.449); MTHFR 1rs1801133 OR=1.28 (95% CI: 0.67-2.45,

p = 0.500). Wide confidence intervals reflect small sample size and lack of statistical power.

MTHFR C677T |—|—0—| | 1.28 (0.67-2.45)

F5 (Factor V Leiden) & : I 0.84 {0.05-15.60)
SERPINCL variant 4 : . i 1.46 (0.59-3.62)
FGG H2 haplotype - }——o—{ 1.36 {0.67-2.76)
F2 G20210A f * | 2.88 (0.26-32.30)

01 0.5 1 10 50

2 5
Odds Ratio (95% CI)

Figure 3.3. Genetic variants associated with thrombosis risk: Forest plot analysis

Odds ratios (OR) with 95 % confidence intervals (CI) for five genetic variants. Point estimates (squares) and
confidence intervals (horizontal lines) are shown. Vertical dashed line indicates OR = 1.0. No associations
reached statistical significance (all p > 0.05). Statistical analysis was performed using Fisher’s exact test for
categorical variables. Odds ratios and 95 % confidence intervals were calculated using logistic regression.

F2 — prothrombin gene; FGG — fibrinogen gamma chain gene; MTHFR — methylene tetrahydrofolate
reductase gene; SERPINCI — serine protease inhibitor 1 (antithrombin) gene.

Cox proportional hazards regression analyses showed no variables achieving statistical
significance at a = 0.05 level in either univariate or multivariate models. Age > 50 years showed
elevated thrombotic risk (HR = 1.58, 95 % CI: 0.56—4.45, p = 0.386), with 8 events among 67
patients (11.9 % event rate). Active smoking demonstrated modest increase (HR =1.24, 95 %
CI: 0.45-3.42, p = 0.675), with 3 events among 29 smokers (10.3 % event rate). FGG variant
and cumulative genetic burden (>2 variants) showed most consistent associations across
analytical approaches, with hazard ratios approaching 2.0 and p approaching significance,
suggesting potential clinical relevance that may become apparent with larger sample sizes or

higher-risk patient populations.

2.5  Survival analysis results: Timing and risk factors for flap thrombosis
Thrombosis-free survival analysis revealed characteristic biphasic pattern with distinct
early and late phases. Survival curve demonstrated steep decline during initial 3-day
postoperative period, with thrombosis-free survival probability decreasing from 100 % baseline
to approximately 97 % at day 1, 94 % at day 2, stabilising at 91 % by day 3. Following this

critical early period, survival curve plateaued with no additional thrombotic events through day
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10 follow-up. This pattern indicates majority of thrombotic complications occurred within
immediate postoperative window, after which event-free patients maintained stable
thrombosis-free status. Final thrombosis-free survival probability 91 % represents proportion
avoiding thrombotic complications throughout 10-day observation period, with 14 thrombotic
events (9.0 %) occurring predominantly within first 72 hours post-surgery.

Kaplan-Meier analysis evaluating cumulative genetic variants impact revealed stepwise
decrease in survival probability with increasing thrombophilic genetic variant numbers.
Zero-variant group maintained highest thrombosis-free survival rate, stabilising at
approximately 87 % after day 3. One-variant group showed lower survival probability,
plateauing around 82 %. Two-variant and > 3-variant groups exhibited progressively lower
survival rates. Although clear trend suggested higher genetic burden associated with lower
thrombosis-free likelihood, log-rank test for trend did not reach statistical significance
(x*=2.95, p=0.086). This near-significant result is noteworthy given sample size limitations,
suggesting biological effect that might reach statistical significance with larger cohorts.
Similarity between two-variant and > 3-variant groups suggests genetic risk relationship may
not be strictly linear, potentially indicating ceiling effect where additional variants beyond two
provide diminishing incremental risk, statistical power limitations preventing detection of
further differences, or biological interaction effects modifying simple additive genetic models.

The Kaplan-Meier curves for gender showed some flap thrombosis-free survival
probability differences, but log-rank test (p =0.1685) indicated non-significant difference,
suggesting gender alone may not be strong predictor of flap thrombosis timing. Patients with
thrombosis history showed trend toward lower thrombosis-free survival compared to those
without history. Log-rank test (p = 0.2151) did not reach statistical significance, but visual trend
suggests thrombosis history might be important factor influencing future thrombotic event
timing. Curves for patients receiving thromboprophylaxis versus those who did not showed
some visual differences, but log-rank test did not indicate statistically significant survival time

difference.
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3 Discussion

Microvascular surgery requires precise vascular anastomosis to re-establish circulation
in small-calibre vessels, with tissue viability critically depending on adequate perfusion. While
technical factors contribute significantly to surgical success, thrombotic complications remain
a principal concern. This comprehensive investigation examined relationships between genetic
polymorphisms affecting haemostatic function and thrombotic complications in microvascular
free flap surgery, providing important insights into complex pathophysiology underlying flap
failure while challenging several established assumptions regarding genetic thrombophilia in
surgical contexts.

The pathogenesis of thrombotic events in microvascular surgery appears multifactorial,
with genetic factors potentially playing substantial roles. Polymorphisms in genes regulating
haemostatic pathways including coagulation cascades, platelet function, and fibrinolytic
systems may predispose certain individuals to thrombotic complications. Elucidating these
genetic influences could enhance perioperative risk assessment and facilitate individualised
therapeutic approach development. The study population demonstrated demographic
characteristics consistent with typical reconstructive surgery patients, with male predominance

(76.1 %) and mean age 45.1 years.

3.1 Principal findings and clinical implications

The observed rate of 9% of flap thrombosis aligns with previously reported
complications in the range of 2-9 % in the published literature (Bowman, 2011; Friedman,
2010), validating the representativeness of the study population. The 94.84 % overall flap
success rate demonstrates excellent clinical outcomes consistent with contemporary
microsurgical practice standards. This success rate, while impressive, underscores continued
clinical significance of thrombotic complications, as even small failure percentages can result
in devastating functional and aesthetic consequences.

Contrary to initial hypothesis, individual genetic polymorphisms demonstrated no
statistically significant association with flap thrombosis risk. This finding challenges direct
extrapolation of genetic thrombophilia research from general populations to specific
microvascular surgery contexts. Absence of significant associations between Factor V Leiden
(rs6025), Prothrombin G20210A (rs1799963), and other examined genetic variants suggests
pathophysiological mechanisms underlying spontaneous venous thromboembolism may differ
substantially from those governing microvascular anastomotic thrombosis. The multifactorial
nature of thrombotic events in microsurgery necessitates comprehensive analysis of both

inherited and acquired risk factors.
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3.2 Genetic variants

Genetic variant prevalence in our study population generally corresponded to
established population frequencies, with MTHFR rs1801133 showing highest frequency
(26.5 %) and Prothrombin G20210A lowest (1.3 %). These distributions are consistent with
European population studies (Rosendaal, 1995; Kujovich, 2011), confirming appropriate
population sampling and validating our cohort as representative of broader surgical population
rather than highly selected thrombophilic group. The variant allele frequencies demonstrated
excellent concordance with the large Latvian population reference cohort (n = 605), with fold
changes ranging from 0.91 to 1.33 across all the loci examined, confirming the absence of

significant selection bias in the recruitment of patients.

3.2.1 1rs6025in FV gene

Factor V Leiden remains most prevalent inherited thrombophilia in Caucasian
populations, with heterozygote frequencies 3—7 % in Northern European populations and near
absence in African and Asian populations (Rees, 1995; Ridker, 1997). The variant arose from
single founder mutation approximately 21 000-24 000 years ago, with persistence suggesting
potential evolutionary advantages, possibly related to improved haemostasis during childbirth
or trauma (Lindqvist, 2001; Zivelin, 2006). The Arg506Gln substitution eliminates one of three
activated protein C cleavage sites in factor Va, resulting in approximately 10-fold prolonged
cofactor activity and sustained thrombin generation (Segers, 2007; Castoldi, 2010).

Despite extensive literature supporting 3—7-fold increased thrombotic risk in carriers
(Kujovich, 2011), our study revealed no significant association with flap thrombosis
(OR =0.84, p =0.762). The relatively small number of carriers (n = 7, 2.1 %) certainly limited
our ability to detect modest effects, particularly given low baseline thrombosis rate (9 %).
Post-hoc power calculations indicate detecting 3-fold increased risk with 7 carriers and 9 %
baseline thrombosis rate would require sample sizes exceeding 800 patients. Second,
the haemodynamic environment of microvascular anastomoses, characterised by low flow
states, small vessel calibres (1-3 mm), and significant surgical trauma, may create thrombotic
conditions fundamentally different from spontaneous venous thromboembolism (Khouri, 1998).

Approximately 5 % of APCR cases arise through alternative mechanisms unrelated to
Factor V Leiden (Segers, 2007), including elevated factor VIII levels, lupus anticoagulants,
pregnancy, and oral contraceptive use (Castoldi, 2010). One patient exhibiting APCR (ratio
1.21) with Factor V Leiden heterozygosity underwent two microvascular flap procedures within
two years, both resulting in thrombosis. This case illustrates clinical relevance of functional
APCR measurement beyond genetic testing, as phenotypic expression of resistance influenced

by both genetic and acquired factors may better predict thrombotic risk than genotype alone
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(Vos, 2006). Absence of demonstrable Factor V Leiden association with microsurgical thrombosis

aligns with limited prior literature in reconstructive surgery (Khansa, 2011; Biban, 2019).

3.2.2 rs1799963 variant in prothrombin gene

Prothrombin G20210A represents second most common inherited thrombophilia in
European populations, occurring with frequencies 1-3 % and conferring approximately
2-3-fold increased venous thrombosis risk (Simone, 2013; Bertina, 1998). Unlike Factor V
Leiden affecting protein function, G20210A variant resides in 3’ untranslated region, resulting
in elevated mRNA stability and increased protein synthesis without altering prothrombin’s
enzymatic properties (Poort, 1996; Jadaon, 2011). Heterozygous carriers typically exhibit
prothrombin levels 30 % above population means, though considerable overlap with normal
ranges complicates phenotypic identification (Poort, 1996).

In our cohort, one patient carrying prothrombin gene variant experienced free flap
thrombosis, yielding non-significant odds ratio 2.88 (95 % CI: 0.26-32.30, p = 0.245). While
this aligns with data conferring patients carrying prothrombin gene variant have 2-3-fold
increased thrombosis risk in population studies (Simone, 2013), the extremely wide confidence
interval reflects profound statistical uncertainty attributable to variant’s rarity. The 1.3 %
variant frequency was consistent with typically reported (1-3 %), confirming appropriate
population sampling without selection bias. The clinical significance of prothrombin G20210A
in microsurgical populations remains controversial. The variant’s rarity combined with modest

effect sizes renders adequately powered clinical trials impractical for this specific question.

3.2.3 rs2066865 in fibrinogen gamma chain gene

The association between FGG 152066865 and elevated plasma fibrinogen
concentrations represents the most significant genetic finding. A/A genotype carriers
demonstrated markedly elevated fibrinogen levels (5.57 + 1.81 g/L) compared to G/G carriers
(4.08 = 1.32 g/L), with statistically significant gene-dose effects (p = 0.001 for A/A vs. G/G;
p =0.04 for G/A vs. G/G). This strong genotype-phenotype correlation validates functional
relevance of rs2066865 as quantitative trait locus modulating fibrinogen expression, consistent
with previous reports from Leiden Thrombophilia Study and subsequent investigations
(de Willige, 2005; Griinbacher, 2007; El-Galaly, 2013).

Earlier investigations established significant correlations between advancing age,
elevated fibrinogen levels, and increased thrombotic events, particularly within venous system
(Rosendaal, 2009). Fibrinogen, as both essential coagulation factor and acute-phase reactant,
occupies unique position in surgical haemostasis. Baseline genetic predisposition to elevated

levels may be amplified during inflammatory states, trauma, and malignancy, creating
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prothrombotic milieu compounding surgical risk (van Hylckama Vlieg, 2003; Schlimp, 2016).
Fibrinogen also contributes to blood viscosity, particularly relevant in low-flow microvascular
systems where elevated viscosity may impair perfusion (Eber, 1993).

Despite A/A genotype subjects exhibiting both higher mean age and elevated plasma
fibrinogen concentrations, this did not translate to statistically significant increase in flap
thrombosis incidence (OR =1.36, p=0.375). The significant correlation between genetic
variants and phenotypic expression suggests FGG 152066865 may serve as biomarker for
identifying patients at risk for hypercoagulable states. However, absence of direct correlation
between elevated fibrinogen levels and flap thrombosis in regression analysis indicates that
genetic predisposition to elevated fibrinogen may be necessary but not sufficient for thrombotic
complications, suggesting additional factors — whether technical, mechanical, or patient-specific —

must converge to precipitate clinical thrombosis (Khouri, 1998; Pattani, 2010).

3.2.4 1rs2227589 in SERPINCI gene

Antithrombin deficiency, first described by Egeberg in 1965, represents one of earliest
recognised inherited thrombophilias and among most clinically significant, conferring
10-20-fold increased thrombosis risk — substantially higher than Factor V Leiden or
prothrombin G20210A (Zoller, 1999; Patnaik, 2008). This serpin superfamily member serves
as principal physiological inhibitor of multiple coagulation proteases, with activity dramatically
enhanced (up to 1000-fold) by heparin and endogenous heparan sulphate (Pike, 2005).
The critical importance of antithrombin is underscored by embryonic lethality in
homozygous-deficient mice, suggesting that complete deficiency is incompatible with
mammalian life (Zdller, 1999).

Inherited antithrombin deficiency follows autosomal dominant pattern with variable
penetrance, classified into type I (quantitative deficiency, 10—15 % of cases) and type II
(qualitative defects, subdivided into reactive site, heparin-binding site, and pleiotropic effect
variants) (Kumar, 2015; Perry, 1996). The rs2227589 variant in SERPINC1 (c.41+141G>A)
represents relatively common polymorphism whose functional significance and thrombotic risk
association remain incompletely characterised, with conflicting evidence from population
studies (Jiang, 2017).

Previous research demonstrated reduced antithrombin concentrations do not invariably
result in thrombotic events (van der Meer, 1973). In our studied population, no significant
differences in plasma antithrombin activity were observed between patients carrying
heterozygous or homozygous variants of 152227589, regardless of free flap thrombosis status.

All measured antithrombin levels remained within normal reference ranges (75-125 %),
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providing no phenotypic evidence this particular variant substantially impairs antithrombin
function. Notably, two of five patients presenting with heterozygous genotype and subsequent
free flap thrombosis were under 50 years, consistent with data indicating initial thrombotic

events typically manifest by age 30 (Patnaik, 2008; Hart, 2022).

3.2.5 rs1801133 in MTHFR Gene

MTHFR C677T variant demonstrated highest prevalence in our cohort (26.5 %),
consistent with European population frequencies where homozygote rates range from 10—14 %
(Wilcken, 1996; Botto, 2000). This variant results in alanine-to-valine substitution at
position 677 of methylenetetrahydrofolate reductase, catalysing conversion of
5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate — the methyl donor for
homocysteine remethylation to methionine (Goyette, 1998). Homozygous variant carriers
exhibit approximately 70 % reduction in enzyme activity, with heterozygotes showing
intermediate reduction (Rozen, 1997).

Primary biochemical consequence of C677T homozygosity is mild to moderate
hyperhomocysteinemia, particularly in individuals with suboptimal folate status (Klerk, 2002).
Homocysteine has been implicated in both arterial and venous thrombotic disorders through
multiple proposed mechanisms including endothelial dysfunction, oxidative stress, impaired
nitric oxide bioavailability, and enhanced platelet reactivity (Welsch, 1997; Liew, 2015).
However, the causal relationship between hyperhomocysteinemia and thrombosis remains
controversial, with meta-analyses yielding conflicting conclusions (Ray, 2002; Clarke, 2012).

Among all patients with free flap thrombosis, ten were identified as MTHFR gene
rs1801133 G/A genotype carriers, with more than half (n=8) exhibiting elevated serum
homocysteine levels (> 12 pumol/L). Three patients presented with isolated MTHFR gene
variants, with one experiencing arterial free flap thrombosis and two developing venous
thrombosis. This distribution involving both arterial and venous circulations aligns with
literature suggesting hyperhomocysteinemia, unlike classical venous thrombophilias, may
predispose to thrombosis in both vascular beds (Falcon, 1994; Pathare, 2004).

The clinical implications of MTHFR C677T for microsurgical practice remain uncertain.
Given the variant’s high population prevalence (approximately one-quarter of Europeans carry
at least one variant allele), the absence of strong thrombotic associations in our study, and
conflicting evidence from broader literature, routine MTHFR genotyping cannot currently be
recommended for preoperative risk assessment. Future research should focus on whether

homocysteine-lowering interventions improve microsurgical outcomes in genetically or
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biochemically high-risk patients, though negative results of cardiovascular trials suggest limited

potential for benefit (Bonaa, 2006).

3.3  Coagulation parameters

The coagulation parameter findings yield several important clinical implications for
microsurgical practice, while revealing complex pathophysiology underlying free flap
thrombosis. The significant association between reduced activated protein C resistance (APCR)
and thrombosis risk (OR =2.45, p = 0.043) represents the most clinically actionable finding.
APCR values below 2.0, particularly observed median 1.83 in thrombosis patients versus 2.01
in successful cases, suggest preoperative APCR testing could potentially identify high-risk
patients who might benefit from enhanced thromboprophylaxis or more intensive postoperative
monitoring (Dahlbick, 1993; Castoldi, 2010).

The protein C anticoagulant pathway plays critical role in regulating thrombin
generation through inactivation of factors Va and VIIla (Segers, 2007). In microvascular
surgery context, where small vessel calibre and low flow states create inherently prothrombotic
conditions, even modest impairment of this regulatory mechanism may shift haemostatic
balance toward thrombosis (Furie, 2008). The finding that reduced APCR correlates with
increased flap thrombosis risk, independent of Factor V Leiden genotype status, suggests APCR
measurement captures functional anticoagulant capacity more comprehensively than genetic
testing alone. APCR can be influenced by acquired factors including pregnancy, oral
contraceptive use, inflammatory states, and elevated factor VIII levels — all conditions that may
be present in surgical populations (Castoldi, 2010).

Clinical utility of routine APCR screening in microsurgical candidates warrants careful
consideration. While 2.45-fold increased thrombosis risk associated with APCR <2.0 appears
substantial, absolute risk increase must be embedded within overall 9 % thrombosis rate
observed in this cohort. Absence of current consensus regarding thromboprophylaxis protocols
in microsurgery (Khansa, 2013; Pan, 2014) further complicates translation of APCR findings
into clinical practice, as optimal management strategies for identified high-risk patients remain
undefined.

Absence of significant associations between thrombosis risk and other coagulation
parameters including prothrombin time, fibrinogen concentration, and antithrombin activity
highlights complex and multifactorial nature of microsurgical thrombosis. This finding
contrasts with well-established associations between these parameters and systemic venous
thromboembolism, where elevated fibrinogen levels (Rosendaal, 2009), reduced antithrombin

activity (Patnaik, 2008), and prothrombin elevation (Poort, 1996) constitute recognised risk factors.
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Unlike spontaneous venous thromboembolism, where systemic hypercoagulability
drives thrombotic risk through Virchow’s classical triad of hypercoagulability, endothelial
injury, and stasis (Kumar, 2010), microsurgical thrombosis may be more dependent on local
factors at anastomotic site. These include technical precision of vessel approximation,
anastomotic tension, vessel wall trauma, calibre mismatch between donor and recipient vessels,
and unique haemodynamic environment created by surgical reconstruction (Khouri, 1998;
Pattani, 2010). Small vessel calibre typical of microsurgical anastomoses
(1-3 mm) creates flow conditions distinct from larger venous systems, potentially minimising
impact of systemic coagulation abnormalities while amplifying importance of local mechanical
and haemodynamic factors.

The fibrinogen findings merit particular discussion given robust genetic association
between FGG 152066865 and plasma fibrinogen levels. Despite A/A genotype carriers
exhibiting significantly elevated fibrinogen concentrations (5.57 = 1.81 g/L vs. 4.08 = 1.32 g/L
in G/G carriers, p = 0.004), this genetic predisposition to hyperfibrinogenaemia did not translate
to statistically significant increases in clinical thrombosis risk. Fibrinogen exists as both
substrate for thrombin (generating fibrin) and acute-phase reactant responsive to surgical stress
(van Hylckama Vlieg, 2003). All patients underwent major surgery with associated
inflammatory responses, potentially elevating fibrinogen levels universally and obscuring
baseline genetic differences. Timing of measurement (preoperatively) may not capture peak
fibrinogen elevations occurring during critical postoperative period when most thromboses
develop (Schlimp, 2016; Tang, 2010).

The unexpected inverse association between homocysteine elevation (> 12 umol/L) and
thrombosis risk (OR =0.35, p=0.029) represents the most paradoxical finding requiring
careful interpretation and validation. This observation directly contradicts established literature
linking hyperhomocysteinemia to both arterial and venous thrombotic events (Falcon, 1994;
Pathare, 2004; Liew, 2015), though meta-analyses have yielded conflicting conclusions
regarding strength and causality of this relationship (Ray, 2002; Clarke, 2012). The small
sample size for homocysteine measurements in thrombosis patients (n = 14) creates substantial
potential for chance findings and Type I error. The MTHFR C677T polymorphism, while
associated with elevated homocysteine in some populations, demonstrates variable penetrance
dependent on folate status (Klerk, 2002; Rozen, 1997).

Results suggest comprehensive thrombophilia screening, beyond APCR measurement,
may provide limited clinical value for predicting microsurgical thrombotic complications in
unselected patient populations. This challenges intuitive approach of extensive preoperative

coagulation testing advocated by some practitioners (Biban, 2019; Pannucci, 2015) and
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supports more selective, targeted screening strategies. Poor discriminatory power of our
combined coagulation-based predictive model (AUC = 0.65) reinforces this conclusion,
indicating laboratory parameters alone inadequately capture complex, multifactorial

determinants of flap success.

34 Predictive model and clinical utility

Relatively poor discriminatory power of all three predictive models (AUC: 0.61-0.69)
highlights multifactorial nature of flap thrombosis. Genetic-only model performed barely better
than random chance (AUC=0.61), while coagulation-only model showed modest
improvement (AUC =0.65). Combined model, incorporating genetic, coagulation, and
confounding factors, achieved highest but still limited discriminatory power (AUC = 0.69).
These findings suggest thrombotic complications in microvascular surgery result from complex
interactions between multiple factors extending beyond genetic predisposition and laboratory
parameters. Technical factors, surgical experience, anastomotic tension, vessel quality, and
postoperative management likely play equally or more important roles in determining

outcomes.

3.5 Study limitations and methodological considerations

Several important limitations must be acknowledged. First, relatively small sample size
(n=155) may have limited statistical power to detect modest genetic effects, particularly for
rare variants. With only 14 thrombotic events, the study lacks sufficient power to detect modest
genetic effects, particularly for rare variants such as Factor V Leiden (n=7 carriers)
(Rosendaal, 1995; Kujovich, 2011) and Prothrombin G20210A (n = 3 carriers). Third, timing
of coagulation parameter measurement in relation to surgery may have influenced results.
Acute-phase reactions following surgical trauma can significantly alter coagulation parameters,
potentially obscuring baseline genetic effects (van Hylckama Vlieg, 2003; Schlimp, 2016).
The 40 % salvage rate after late recognition of complications emphasises critical importance of
standardised monitoring protocols. Despite standardised treatment protocols and procedures
performed by experienced microsurgeons, technical surgical variables remain significant
limiting factor (Vanags, 2020). It is important to note that our study cohort (N = 155, patients
recruited between 2016 and 2019) overlaps in both time and setting with the cohort analysed in
the doctoral thesis of J. Stepanovs (2025) (N = 103, trauma patients, 2016-2019), both studies
having been conducted at the Latvian Centre for Reconstructive and Microsurgery. Although
the present study encompassed a broader range of surgical indications — including oncological
reconstruction, osteomyelitis, and traumatic injuries — with a primary focus on genetic

thrombophilic factors, the work of Stepanovs (2025) concentrated specifically on trauma
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patients and examined the role of surgical variables and rotational thromboelastometry (RTE)
in predicting thrombotic risk. His findings convincingly demonstrated that surgical duration
exceeding 240 minutes was the principal risk factor for free flap thrombosis in patients
undergoing early post-traumatic reconstruction, whereas in late reconstructions, thrombogenic
comorbidities and RTE-detected hypercoagulability emerged as the predominant determinants
(Stepanovs, 2025). This context is critically important for the interpretation of the present
results. Future investigations should incorporate an integrated analysis combining genetic data
with detailed surgical parameters and RTE measurements from a single, unified patient cohort,
in order to develop a comprehensive and clinically applicable risk prediction model. Finally,
focus on specific genetic polymorphisms may have overlooked other relevant variants or
epigenetic factors influencing thrombotic risk, supporting characterisation of VTE as

multigenetic and multifactorial disorder (Dahlbéck, 2005).

3.6  Future research

Despite absence of strong genetic associations, this study provides valuable insights for
personalised approaches development to microvascular surgery. Identification of fibrinogen
polymorphisms as modulators of plasma fibrinogen levels suggests potential therapeutic targets
for risk modification. Larger multicentre studies are needed to validate findings and provide
adequate statistical power for detecting modest genetic effects. Genome-wide association
studies may identify novel genetic variants associated with microvascular thrombotic
complications (de Haan, 2012). Functional studies examining mechanistic relationships
between genetic variants and microvascular thrombosis could provide insights into therapeutic
targets. Development of comprehensive risk prediction models incorporating genetic, clinical,

technical, and laboratory factors represents important goal for personalised surgical care.

3.7 Strengths and limitations

Study strengths: Prospective observational design with standardised protocols
minimised potential recall bias. All microvascular procedures were performed by highly
experienced microsurgeons at specialised centre, reducing technical variability. Comprehensive
assessment approach integrating genetic analysis of five thrombophilia-associated variants with
corresponding phenotypic measurements enabled robust genotype-phenotype correlation
analyses, as evidenced by significant association between FGG 1rs2066865 and plasma
fibrinogen concentrations (de Willige, 2005; Griinbacher, 2007).

Study limitations: Single-centre design limits generalisability across different surgical
practices, patient populations, and healthcare systems. Candidate gene approach may have

overlooked novel or less-studied genetic contributors to microsurgical thrombosis. Technical
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and surgical variables remained incompletely characterised and controlled. Relatively short
follow-up period (10 days) captured only early thrombotic complications. Absence of
validation cohort prevents external verification of findings. These limitations collectively
suggest negative findings should be interpreted as insufficient evidence to exclude genetic

associations rather than definitive proof of their absence.
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Conclusions

Successful identification of patients carrying the targeted single nucleotide variants across
all five genetic loci: rs6025 in FV (2.1 %), rs1799963 in FII (1.3 %), 12066865 in FGG
(22 %), 12227589 in SERPINCI (9.7 %), and rs1801133 in MTHFR (26.5 %) was
performed. Variant frequencies demonstrated excellent concordance with established
European population distributions (fold change 0.91-1.33), confirming appropriate
population sampling without selection bias. All genotype distributions maintained
Hardy-Weinberg equilibrium, validating technical accuracy and population
representativeness.

The study aim was achieved by determining that no individual genetic variant demonstrated
a statistically significant association with thrombotic outcomes (all p > 0.05). This null
finding is a significant scientific conclusion, suggesting that the thrombotic risk conferred
by these common polymorphisms is of limited clinical penetrance in the context of
microsurgery, where local haemodynamic, technical, and acquired factors may
predominate.

Among acquired coagulation parameters, only activated protein C resistance (APCR)
below 2.0 demonstrated significant association with thrombosis (OR =2.45, 95 %CI:
1.02-5.89, p =0.043). Conventional parameters including prothrombin time, fibrinogen
concentration, and antithrombin activity showed no significant associations (all p > 0.05).
Acquired thrombophilia factors, as traditionally measured preoperatively, demonstrate
limited standalone predictive utility except for functional APCR assessment.

Integrated risk assessment models incorporating genetic variants, coagulation parameters,
and confounders yielded insufficient discriminatory power for clinical application
(AUC: 0.61-0.69). The overall flap success rate of 94.84 % with 9.0 % thrombosis
incidence concentrated within 72 hours postoperatively aligns with contemporary
microsurgical standards. These results indicate that the examined combination of common
genetic variants and standard coagulation parameters cannot reliably predict individual
thrombotic risk, highlighting the multifactorial nature of flap thrombosis where technical,
mechanical, and local haemodynamic factors may predominate over systemic genetic

predisposition.
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Proposals

The limitations identified in this study point toward several important research priorities:

1. Multi-centre prospective studies with standardised protocols are warranted to
validate these findings and provide adequate statistical power for detecting modest
genetic effects, particularly for less common genetic variants like Factor V Leiden.

2. Longitudinal studies could be considered to track patients over time and assess
the long-term impact of genetic and acquired factors on thrombotic outcomes and
overall flap success.

3. Investigation of genetic variants affecting anticoagulant drug metabolism and
efficacy could guide personalised anticoagulation strategies in high-risk patients.

4. Because our predictive models showed insufficient discriminatory power
(AUC 0.61-0.69), the development of predictive models using machine learning
approaches may better capture complex interactions between genetic, clinical,
technical, and laboratory factors than traditional statistical methods.

5. Future research should also consider the ethical implications of genetic testing in
surgical contexts, including patient consent, genetic discrimination, and
the psychological impact of genetic risk information on patients and their families.

While this study did not demonstrate strong genetic associations with thrombotic

complications, it emphasises the importance of continued research into the complex factors
governing microvascular surgical outcomes. The pursuit of personalised medicine in
reconstructive surgery remains a worthy goal, albeit one that requires more comprehensive

approaches than genetic testing alone.
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