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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Perioperative bleeding is a clinically important 

complication in patients with platelet hypoaggregability 
undergoing tooth extraction and minor dentoalveolar surgery. 
Impaired platelet aggregation may result in prolonged bleeding 
despite normal routine coagulation tests.

Aim: This study aimed to evaluate perioperative bleeding 
outcomes and the effectiveness of a standardized tranexamic 
acid (TXA)-based protocol in patients with laboratory-
confirmed platelet hypoaggregability undergoing dentoalveolar 
surgical procedures.

Materials and Methods: This retrospective observational 
clinical study analyzed data from 64 patients with laboratory-
confirmed platelet hypoaggregability and 64 healthy controls 
treated between January 2019 and December 2024 at the 
University Clinic for Maxillofacial Surgery, Skopje. Patients 
receiving chronic anticoagulant or antiplatelet therapy were 
not included in the present analysis. Platelet aggregation was 
assessed using ADP, collagen and ristocetin. Patients with 
platelet hypoaggregability received intravenous TXA at a 
dose of 10 mg/kg approximately 30 minutes before surgery, 
combined with local hemostatic measures.

Results: Patients with platelet hypoaggregability demonstrated 
prolonged bleeding history and significantly reduced platelet 
aggregation values. Mean ADP-, ristocetin- and collagen-
induced aggregation values were 36.9 +/- 13.3%, 61.4 +/- 
14.0% and 49.1 +/- 15.5%, respectively. Bleeding duration 
was inversely correlated with ADP (r = -0.346, p = 0.005) 
and ristocetin values (r = -0.275, p = 0.028). Following TXA 
administration, no moderate or severe postoperative bleeding 
was recorded, and complete hemostasis was achieved in 98.4% 
of cases.

Conclusion: Platelet hypoaggregability is an important risk 
factor for prolonged post-extraction bleeding. A standardized 
perioperative protocol based on platelet aggregation assessment, 
intravenous TXA at 10 mg/kg and local hemostatic measures 
appears safe and effective for dentoalveolar surgery in this 
patient group.

Key words. Platelet hypoaggregability, dentoalveolar surgery, 
tranexamic acid, post-extraction bleeding, platelet aggregation, 
hemostasis.
Introduction.

Hemostasis is a complex physiological process involving 
vascular, platelet and plasma coagulation mechanisms that 
collectively prevent excessive bleeding after vascular injury 

[1,2]. Platelets play a central role in primary hemostasis through 
adhesion, activation and aggregation mediated by agonists 
such as adenosine diphosphate (ADP), collagen and ristocetin-
dependent pathways [3,4].

Platelet function disorders, including inherited and acquired 
hypoaggregability, are characterized by impaired platelet 
aggregation despite normal platelet counts and may lead to 
mucocutaneous or postoperative bleeding [5-7]. Classical 
inherited disorders such as Glanzmann thrombasthenia and 
Bernard-Soulier syndrome represent severe forms of platelet 
dysfunction requiring individualized perioperative management 
[8-10].

In dental practice, particularly during tooth extraction and 
minor dentoalveolar surgery, patients with platelet dysfunction 
represent a significant clinical challenge. Post-extraction 
bleeding (PEB) is influenced by systemic factors, surgical 
trauma and the hemostatic status of the patient [1,11]. Careful 
bleeding history, laboratory screening and platelet aggregation 
testing are therefore essential before invasive oral procedures.

Tranexamic acid (TXA), an antifibrinolytic agent, is widely 
used to stabilize fibrin clots and reduce perioperative bleeding 
[12,13]. Its local and systemic use has been associated with 
improved hemostatic control in oral surgery and other surgical 
fields [14-17].

The present study focuses exclusively on patients with platelet 
hypoaggregability and healthy controls. Its objective was to 
evaluate perioperative bleeding outcomes and the clinical 
effectiveness of a standardized TXA-based protocol in patients 
undergoing tooth extraction or minor dentoalveolar surgery.
Literature Review.

Platelet function disorders comprise heterogeneous conditions 
affecting platelet adhesion, activation, secretion or aggregation 
[5-7]. Although routine coagulation tests may remain within 
normal limits, platelet aggregation defects can substantially 
increase bleeding risk during invasive procedures [4,18].

Light transmission aggregometry remains one of the most 
established methods for evaluating platelet function. Reduced 
aggregation responses to ADP, collagen and ristocetin 
provide clinically relevant information for diagnosing platelet 
hypoaggregability and predicting bleeding tendency [3,4].

Clinical studies in oral and maxillofacial surgery indicate that 
bleeding outcomes depend not only on systemic hemostatic 
status but also on surgical complexity, localization and local 
hemostatic management [1,11,19]. Therefore, assessment of 
platelet function should be integrated with careful operative 
planning.
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TXA reduces fibrinolysis by inhibiting plasminogen activation 
and stabilizing the fibrin clot [12,13]. Systematic reviews 
and meta-analyses support the efficacy and safety of TXA for 
reducing postoperative bleeding and the need for additional 
hemostatic interventions [14-17].

The available literature supports a multidisciplinary 
approach involving dentists, oral and maxillofacial surgeons 
and transfusion specialists to optimize perioperative safety in 
patients with platelet aggregation disorders.
Materials and Methods.
Study Design:

This study was designed as a retrospective observational 
clinical study conducted at the University Clinic for 
Maxillofacial Surgery, Skopje, North Macedonia. Clinical 
records of patients treated between January 2019 and December 
2024 were retrospectively reviewed to evaluate perioperative 
bleeding management in patients undergoing tooth extraction or 
minor dentoalveolar surgery.

Although the original institutional database included patients 
with different bleeding disorders and antithrombotic therapies, 
the present manuscript focuses exclusively on patients with 
platelet hypoaggregability and healthy controls, in accordance 
with the specific objective of evaluating perioperative bleeding 
associated with impaired platelet aggregation.
Study Population and Patient Flow:

Initially, 302 consecutive patients undergoing dentoalveolar 
surgical procedures were screened for eligibility. After review of 
medical records, 8 patients were excluded because of incomplete 
clinical documentation, unavailable laboratory findings or 
insufficient follow-up information. Consequently, 294 patients 
fulfilled the eligibility criteria within the institutional database.

For the present analysis, 128 participants were included: 64 
patients with laboratory-confirmed platelet hypoaggregability 
(Group I) and 64 healthy control subjects (Group IV). Patients 
receiving chronic anticoagulant or antiplatelet therapy from the 
original institutional database were not included in the present 
statistical analysis, because the objective of this manuscript 
was limited to perioperative bleeding associated with platelet 
hypoaggregability. Results concerning anticoagulant-treated 
patients will be presented separately.
Patient Selection:

Inclusion criteria were: age >=18 years; indication for tooth 
extraction or minor dentoalveolar surgery; complete medical 
documentation; available laboratory assessment of platelet 
function; and completed postoperative follow-up. Exclusion 
criteria were incomplete documentation, missing platelet 
aggregation testing, inherited coagulation factor deficiencies, 
malignant hematological disorders, refusal of treatment or 
incomplete follow-up.
Clinical Evaluation:

All patients underwent standardized preoperative assessment 
including demographic characteristics, medical history, 
bleeding history, medication review, physical examination and 
radiographic examination using orthopantomogram. Particular 
attention was given to previous prolonged bleeding after dental 

extraction, spontaneous mucosal bleeding, gingival bleeding 
and bleeding following minor trauma.
Laboratory Assessment:

Platelet aggregation was evaluated using light transmission 
aggregometry (Chrono-Log Model 700). ADP-induced, 
collagen-induced and ristocetin-induced aggregation were 
analyzed. Reference values were ADP 69-88%, collagen 70-
94% and ristocetin 87-102%. Routine laboratory investigations 
included complete blood count, platelet count, PT, aPTT and 
bleeding time to exclude coagulation abnormalities.
Perioperative Management Protocol:

Patients diagnosed with platelet hypoaggregability received 
intravenous TXA at a dose of 10 mg/kg administered 
approximately 30 minutes before surgery, according to the 
institutional protocol applied throughout the study period. No 
fixed-dose regimen was used during this study.

Local hemostatic measures included atraumatic surgical 
technique, careful wound closure, absorbable sutures, 
compression with TXA-soaked gauze and postoperative 
compression for approximately 30 minutes. Repeat TXA 
administration was considered only in selected patients with 
persistent postoperative bleeding or markedly reduced platelet 
aggregation values.
Outcome Measures:

The primary outcome was post-extraction bleeding occurring 
between 30 minutes and 7 days after surgery. Bleeding severity 
was classified as oozing, mild, moderate or severe.

For patients with platelet hypoaggregability, bleeding duration 
before diagnosis was obtained retrospectively from documented 
medical records and detailed patient history, including previous 
dental extractions whenever available. These data were 
interpreted as retrospective clinical information rather than 
prospectively measured perioperative outcomes. Therefore, the 
baseline bleeding duration was used descriptively and was not 
treated as an objectively measured prospective endpoint.

The principal endpoint of the present study was postoperative 
bleeding following implementation of the standardized TXA 
protocol.
Statistical Analysis:

Continuous variables were expressed as mean +/- standard 
deviation. Categorical variables were presented as frequencies 
and percentages. Comparisons between groups were performed 
using Chi-square or Fisher exact test for categorical variables 
and appropriate parametric or non-parametric tests for 
continuous variables. Correlation analyses were performed 
using Spearman correlation coefficient. A two-sided p-value 
<0.05 was considered statistically significant.
Results.
Study Population and Baseline Characteristics:

Of 302 screened patients, 8 were excluded because of 
incomplete documentation, unavailable laboratory findings 
or insufficient follow-up. Among 294 eligible patients in the 
institutional database, 128 participants were included in the 
present analysis: 64 patients with laboratory-confirmed platelet 
hypoaggregability and 64 healthy controls. Anticoagulant- or 
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Variable Platelet hypoaggregability (n=64) Healthy controls (n=64) p-value
Female, n (%) 44 (68.75) 36 (56.25) <0.001
Male, n (%) 20 (31.25) 28 (43.75)
Age (years), mean +/- SD 42.9 +/- 18.4 41.7 +/- 17.9 NS

Table 1. Baseline demographic characteristics of the study population.

Laboratory parameter Platelet hypoaggregability Healthy controls p-value
ADP-induced aggregation (%) 36.9 +/- 13.3 Within reference range <0.001
Ristocetin-induced aggregation (%) 61.4 +/- 14.0 Within reference range <0.001
Collagen-induced aggregation (%) 49.1 +/- 15.5 Within reference range <0.001

Table 2. Platelet aggregation parameters in patients with platelet hypoaggregability and healthy controls.

Values are expressed as mean +/- SD. ADP = adenosine diphosphate; SD = standard deviation.

Clinical outcome Before TXA* After TXA Statistical interpretation
Bleeding duration 138.9 +/- 94.5 h 5.1 +/- 5.7 h Descriptive comparison only
Severe bleeding 45.3% 0% Reduced after protocol
Moderate bleeding 53.1% 0% Reduced after protocol
Mild/oozing bleeding 1.6% 87.5% Predominant after protocol

Table 3. Clinical outcomes following perioperative tranexamic acid administration.

*Before-TXA values were obtained retrospectively from medical records and patient history/anamnesis; therefore, these values should be interpreted 
as baseline clinical history rather than prospectively measured outcomes. TXA = tranexamic acid.

Figure 1. STROBE-style patient flow diagram of inclusion and exclusion process.
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Figure 2. Correlation between ADP-induced platelet aggregation and retrospectively reported bleeding duration.

Figure 3. Post-extraction bleeding duration according to type of surgical procedure.

antiplatelet-treated patients were not analyzed in this manuscript.
The platelet hypoaggregability group consisted predominantly 

of females (68.75%) compared with males (31.25%). The mean 
age was 42.9 +/- 18.4 years, with no significant age difference 
between groups.
Clinical Presentation Before Diagnosis:

The most frequently reported bleeding manifestations before 
diagnosis were prolonged post-extraction bleeding (65.6%), 
gingival bleeding (64.1%), bleeding from minor injuries (45.3%) 
and prolonged menstrual bleeding (32.8%). More than half 
of the patients (56.25%) reported two simultaneous bleeding 
symptoms, while 21.9% reported three symptoms. Moderate 
bleeding was observed in 53.1%, severe bleeding in 45.3% 
and mild bleeding in 1.6%. The mean retrospectively reported 

bleeding duration before diagnosis was 5.9 +/- 4.0 days.
Laboratory Findings and Correlation Analysis:

All patients with platelet hypoaggregability demonstrated 
reduced platelet aggregation values. Mean values were ADP 
36.9 +/- 13.3%, ristocetin 61.4 +/- 14.0% and collagen 49.1 +/- 
15.5%.

Significant moderate negative correlations were observed 
between bleeding duration and ADP-induced aggregation (r = 
-0.346, p = 0.005) and ristocetin-induced aggregation (r = -0.275, 
p = 0.028). No significant correlation was found for collagen 
or PT values. Lower aggregation values were associated with 
higher bleeding severity, with significant differences between 
moderate and severe bleeding groups for ADP (p < 0.001), 
ristocetin (p = 0.040) and collagen (p = 0.039).
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Intraoperative Bleeding Compared with Healthy Controls:
The mean intraoperative bleeding duration was significantly 

higher in patients with platelet hypoaggregability than in healthy 
controls (267.3 +/- 215.7 minutes vs. 12.1 +/- 3.8 minutes; p < 
0.001).
Effect of Tranexamic Acid Prophylaxis:

After preoperative intravenous TXA administration, no 
postoperative bleeding occurred in 12.5% of patients, oozing 
bleeding was observed in 84.4% and mild bleeding in 3.1%. 
No moderate or severe bleeding was recorded after protocol 
implementation.

Compared with the retrospectively documented pre-diagnostic 
bleeding history, TXA-based management was associated 
with elimination of severe bleeding and marked reduction 
of clinically relevant postoperative bleeding. Because pre-
diagnostic bleeding duration was based on retrospective history 
and records, this comparison was interpreted descriptively 
rather than as a strictly prospective inferential comparison.
Postoperative Bleeding and Surgical Factors:

The type and localization of the procedure influenced 
postoperative bleeding outcomes. Dentoalveolar surgery was 
performed in 46.9% of patients, maxillary extractions in 29.7% 
and mandibular extractions in 23.4%. Procedure type was 
significantly associated with bleeding incidence (p = 0.009). 
Bleeding duration was longest after dentoalveolar surgery (6.7 
+/- 2.7 hours), followed by mandibular extraction (5.0 +/- 5.9 
hours) and maxillary extraction (3.9 +/- 7.1 hours) (p = 0.003).
Safety and Efficacy of TXA:

TXA was well tolerated. No side effects were reported in 
95.3% of patients, while mild adverse effects, including nausea 
or dizziness, were observed in 4.7%. Complete hemostasis was 
achieved in 98.4% of patients using local measures combined 
with TXA. A significant negative correlation was observed 
between platelet aggregation values and the need for repeated 
TXA dosing: ADP (r = -0.304, p = 0.015), ristocetin (r = -0.318, 
p = 0.011) and collagen (r = -0.371, p = 0.003).
Discussion.

This retrospective observational study evaluated perioperative 
bleeding in patients with laboratory-confirmed platelet 
hypoaggregability undergoing tooth extraction or minor 
dentoalveolar surgery. The revised analysis focused exclusively 
on this patient group and healthy controls, thereby aligning the 
study objective, methodology, results and conclusions.

The findings demonstrate that bleeding history and platelet 
aggregation testing are clinically important in identifying 
patients at risk. Routine screening tests may remain normal 
despite clinically relevant impairment in platelet function. 
Reduced ADP-, ristocetin- and collagen-induced aggregation 
values were associated with increased bleeding tendency, 
confirming their role as key diagnostic and risk indicators.

The predominance of females in the hypoaggregability group 
and the frequent coexistence of multiple bleeding symptoms 
support the importance of detailed anamnesis. Prolonged 
post-extraction bleeding and gingival bleeding were the most 
common presenting symptoms, emphasizing the relevance of 
dental history in detecting platelet dysfunction.

The TXA-based protocol was associated with clinically 
favorable outcomes. After intravenous TXA administration at 10 
mg/kg combined with local hemostatic measures, no moderate 
or severe postoperative bleeding was recorded. These findings 
are consistent with literature supporting TXA as an effective 
antifibrinolytic agent for reducing postoperative bleeding [13-
17].

Surgical complexity also influenced bleeding outcomes. 
Dentoalveolar surgery and mandibular procedures were 
associated with longer bleeding duration compared with simpler 
procedures. These findings indicate that surgical planning 
should be individualized according to platelet function results, 
surgical complexity and bleeding history.

An important methodological consideration is that pre-
diagnostic bleeding duration was obtained retrospectively from 
previous medical records and patient history. Therefore, these 
baseline data are subject to recall bias and were interpreted 
descriptively. The main clinical endpoint of the study was 
postoperative bleeding after implementation of the standardized 
TXA protocol.

The present manuscript does not analyze patients receiving 
chronic anticoagulant or antiplatelet therapy. Accordingly, 
conclusions regarding INR values, HAS-BLED scores or VKA/
DOAC management were removed from the revised manuscript 
and are outside the scope of the present analysis.
Clinical Implications.

The results emphasize that detailed bleeding history, targeted 
platelet aggregation testing, TXA prophylaxis and meticulous 
local hemostasis may improve safety in dentoalveolar surgery 
among patients with platelet hypoaggregability.
Limitations.

This study has limitations. Its retrospective design may be 
associated with incomplete documentation and recall bias, 
particularly regarding bleeding duration before diagnosis. The 
analysis was limited to patients with platelet hypoaggregability 
and healthy controls; therefore, the findings cannot be 
generalized to patients receiving anticoagulant or antiplatelet 
therapy. Multicentre prospective studies with standardized 
bleeding assessment are needed to validate these findings.
Conclusion.

This study confirms that platelet hypoaggregability is an 
important and often under-recognized risk factor for prolonged 
post-extraction bleeding in dental and dentoalveolar surgical 
procedures.

Suspicion of platelet hypoaggregability should begin with 
a detailed bleeding history and be confirmed by platelet 
aggregation testing. Reduced ADP-, ristocetin- and collagen-
induced aggregation values were associated with increased 
bleeding severity and duration.

A standardized perioperative protocol including intravenous 
TXA at 10 mg/kg approximately 30 minutes before surgery, 
combined with careful local hemostatic measures, was 
associated with effective bleeding control and a favorable safety 
profile.

The findings support individualized preoperative assessment 
and close interdisciplinary cooperation between oral surgeons 
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and transfusion specialists when treating patients with platelet 
hypoaggregability.
Clinical Recommendations.

1. A detailed bleeding history should be mandatory before 
tooth extraction or dentoalveolar surgery.

2. Patients with suspected bleeding disorders should undergo 
targeted platelet aggregation testing, including ADP, ristocetin 
and collagen.

3. Intravenous TXA at 10 mg/kg approximately 30 minutes 
before surgery may be considered according to institutional 
protocol and specialist assessment.

4. Local hemostatic measures, including atraumatic surgery, 
suturing and TXA-soaked gauze compression, should be 
routinely applied in high-risk patients.

5. Postoperative monitoring should be individualized according 
to bleeding history, aggregation values and surgical complexity.
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