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Abstract

Blood transfusions are integral to modern medical practice, playing a crucial role
in managing various medical conditions. However, concerns have arisen regarding
potential complications associated with transfusions, particularly their impact on
haemostasis and thrombotic events. Deep vein thrombosis (DVT) and arterial
thromboembolism (ATE), serious complications linked to altered haemostasis, present
challenges to patient care, and require a nuanced understanding of their relationship
with blood transfusions. This retrospective, population-based, cohort study investigated
the association between blood transfusions, venous thromboembolism (VTE), ATE
and subsequent mortality in patients undergoing recurrent blood transfusions. A
total of 1000 patients who received red blood cells (RBCs), platelets, fresh frozen
plasma (FFP), and cryoprecipitate between 2015 and 2022 were analysed. Post-
transfusion occurrences of VTE and ATE were assessed using the chi-square test and
multivariate logistic regression to identify independent risk factors. Multivariable
regression analysis revealed a significant association between platelet transfusion and
increased odds of development of ATE. However, no correlation was found between
blood transfusions and the development of DVT. Notably, patients aged 55—69 years
in the blood transfusion cohort exhibited a higher risk of DVT (p < 0.05), particularly
those without chronic or cardiovascular diseases. Haematological diseases increased the
demand for platelets and FFP, while patients without chronic diseases favoured platelet
transfusions. Furthermore, patients with haematological or malignancy diseases, free
of chronic diseases, had a higher likelihood of mortality within the blood transfusion
cohort. Although the cause-and-effect relationship remains undetermined, these findings
underscore the significant association between platelet transfusions and the risk of
ATE, emphasising the importance of vigilant blood transfusion management practices.
The study’s outcomes would facilitate a clear understanding of the potential risks
associated with blood transfusion, thereby aiding healthcare providers in making
informed decisions, particularly in emergency medicine.
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1. Introduction

Blood transfusion is a widely practiced medical intervention
essential for saving and improving countless lives each year
[1-3]. Individuals facing critical conditions such as trauma,
surgical blood loss, or severe anaemia often require this life-
saving treatment, which can involve whole blood or separate
blood components such as red blood cells (RBCs), platelets
or plasma, each stored at different temperatures, potentially
altering blood properties during storage [4—6]. The absence

of universally accepted guidelines poses a challenge to blood
transfusion practices worldwide, underscoring the necessity
for comprehensive strategies in blood surveillance, conserva-
tion, and identifying suitable transfusion groups to maximise
benefits and minimise risks [7]. Despite being generally safe,
blood transfusion may potentially lead to the occurrence of ad-
verse transfusion reactions (TRs) and transfusion-transmitted
infections (TTIs) [8]. The risks associated with blood trans-
fusions have expanded beyond infectious concerns to include
thrombosis, a leading global cause of mortality [9]. Recent
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studies have revealed that blood transfusions are associated
with a higher likelihood of experiencing life-threatening events
such as pulmonary embolism (PE) and deep vein thrombosis
(DVT) [10-16]. This potential association between blood
transfusions and thrombotic events is especially noted in high-
risk patients undergoing surgery or those with cancer. Arterial
thrombosis, which includes events such as cerebral and my-
ocardial infarction, is linked to platelet accumulation triggered
by plaque rupture. In contrast, venous thromboembolism
(VTE), comprising DVT and PE, results from blood stasis and
endothelial dysfunction, leading to the formation of red clots
rich in RBCs and fibrin [11].

Hence, the risk of thrombosis should be evaluated in patients
requiring blood transfusions, especially in those with underly-
ing medical conditions predisposing them to clotting disorders.
A clear understanding of the potential risks associated with
blood transfusions, including thromboembolic events, is es-
sential for informed decision-making in emergency medicine.
The current investigation aims to examine adverse outcomes
associated with thrombosis following blood transfusions, ex-
ploring factors influencing thrombosis onset, and identifying
specific patient populations particularly vulnerable to these
complications.

2. Methods

2.1 Study design and setting

In this retrospective cohort study, we examined the associ-
ation between transfusions and thrombotic events leading to
mortality in patients undergoing repeated blood transfusions.
The study population comprised individuals who had received
blood transfusions from 2015 to 2022, with data collected from
1000 patients in the King Khalid University Hospital database.

2.2 Data collection

Demographics and clinical profiles of blood recipients, in-
cluding age, sex, medical backgrounds, and occurrences of
DVT or ATE following blood transfusions, were extracted
from electronic health records within the hospital. A stan-
dardised data collection form was utilised to systematically
collect these data. The analysis entailed categorising patients
based on the type of blood components administered, such
as RBCs, platelets, fresh frozen plasma (FFP) or cryoprecip-
itate. Patients’ medical histories were meticulously reviewed
to identify pre-existing conditions, including haematological
disorders, cancers, cardiovascular ailments and other health
concerns.

2.3 Statistical analysis

In the preliminary phase, a descriptive analysis was conducted,
presenting categorical variables as frequencies and percentages
and numerical variables as means and standard deviations.
Subsequently, the second stage of analysis involved employing
the Mann-Whitney U test, chi-square test, and multivariate
logistic regression analysis using SPSS Statistics (version 25,
IBM-International Business Machines Corporation, Armonk,
NY, USA). A significance level of p < 0.05 was established to
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3. Results

3.1 Demographic characteristics

The study included 1720 participants, comprising 372 males
(37.2%) and 1348 females (62.8%). Participants were cat-
egorised by health status: 669 individuals (66.4%) had no
specific health issues, 72 (7.1%) had haematological disorders,
134 (13.3%) had malignant diseases, 52 (5.2%) had cardiovas-
cular diseases, and 80 (7.9%) had other diseases. The ages of
participants ranged from 25 to 102 years. Clinical outcomes
showed that VTE occurred in 16 patients (1.6%), ATE in 15
patients (1.5%), and death in 25 patients (25.1%) (Table 1).

TABLE 1. Demographics data of the study population.

Characteristic (n = 1000) n (%)
Mean + SD

Number of RBC transfusions 18.080 £ 6.49
Number of platelet transfusion 8.446 + 1.83
FFP transfusion 13.837 £2.34
Cryoprecipitates 2.579 £0.38
Deep vein thrombosis (DVT)

No 984 98.4

Yes 16 1.6
ATE

No 985 98.5

Yes 15 1.5
Mortality

Death 251 25.1

Survival 749 74.9
Age (yr)

25-39 116 11.6

40-54 188 18.8

55-69 348 34.8

70-84 279 27.9

85 and above 69 6.9
Gender

Male 372 37.2

Female 628 62.8
Diseases (n = 1000) (k = 1007)

Free of chronic disease 669 66.4

Hematological diseases 72 7.1

Malignancy diseases 134 133

Cardiovascular diseases 52 52

Other diseases 80 7.9

All values are presented as numbers and percentages for
categorical variables, mean and standard deviation for
numerical variables.

For multiple responses questions, k: total number of
responses, n: total number of cases. RBC: red blood cells;
FFP: fresh frozen plasma; ATE: arterial thromboembolism;
SD: Standard Deviation.
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3.2 Blood transfusion

The mean + standard deviation value for RBC transfusions,
platelet transfusion, FFP transfusion, and cryoprecipitate trans-
fusions were 18.08 4+ 6.49, 8.446 + 1.83, 13.837 4+ 2.34 and
2.579 + 0.83 respectively.

3.2.1 Relationship of blood products with
thrombosis in recurrent blood transfusion
recipients

Fig. | illustrates the relationship between the number of RBC,
platelet, FFP and cryoprecipitate transfusions with DVT and
ATE. In our study cohort, patients with DVT who received
blood transfusions exhibited a higher demand for RBCs (av-
erage: 18.08 units) but a lower demand for cryoprecipitates
(average: 2.57 units). Despite the notable contrast in the quan-
tities of RBCs and cryoprecipitates received, no significant
association was observed between any blood component and
the occurrence of DVT. Conversely, patients with ATE showed
a higher demand for RBCs than for other blood components.
However, the analysis revealed a significant association be-
tween ATE and platelet transfusion (p < 0.05), although the
demand for platelets was lower than that for RBC and FFP
transfusions.

3.2.2 Effect of age and sex on thrombosis in
recurrent blood transfusion recipients

Table 2 presents the association between age, sex, and the
occurrence of DVT and ATE within our study cohort. Notably,
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individuals aged 55-69 years were significantly more likely
to experience DVT (p < 0.05). When comparing males and
females who received blood transfusions, we found no statisti-
cally significant association between sex and the incidence of
DVT. However, other factors showed statistically significant
associations and were identified as important risk factors for
DVT.

3.2.3 Relationship of haematological,
cardiovascular, and other diseases with
thrombosis in recurrent blood transfusion
recipients

To explore the association of each disease type with the inci-
dence of DVT and ATE, patients were categorised into five
groups based on the type of disease (Fig. 2). Among pa-
tients with DVT, those with cardiovascular disease (9 patients
(56.3%)) showed a notable correlation with DVT, followed
by patients with no chronic diseases (6 patients (37.5%)).
Statistically significant differences in the incidence of DVT
were observed in both the cardiovascular disease group (p
< 0.01) and the group without chronic diseases (p < 0.05).
Conversely, no statistically significant association was found
between ATE and medical history among patients with ATE.
The findings also indicated a substantial demand for platelets
and FFP in patients with haematological diseases (Table 3).
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FIGURE 1. Number of RBC transfusions, number of platelet transfusion, FFP transfusion and cryoprecipitates with
DVT and ATE. DVT: deep vein thrombosis; ATE: arterial thromboembolism; RBC: red blood cells; FFP: fresh frozen plasma.
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TABLE 2. Effect of age and sex on DVT and ATE.

Characteristics DVT ATE
No Yes No Yes
n (%) n (%) n (%) n (%)
Age (yr)
From 25 to 39 116 (100.0) 0(0.0) 115 (99.1) 1(0.9)
From 40 to 54 185 (98.4) 3(1.6) 187 (99.5) 1(0.5)
From 55 to 69 343 (98.6) 5(1.4)* 339 (97.4) 9 (2.6)
From 70 to 84 276 (98.9) 3(1.1) 277 (99.3) 2(0.7)
85 years and above 64 (92.8) 5(7.2) 67 (97.1) 2(2.9)
Gender
Male 368 (98.9) 4(1.1) 366 (98.4) 6 (1.6)
Female 616 (98.1) 12 (1.9) 619 (98.6) 9(1.4)

*Statistically significant at p < 0.05. DVT: deep vein thrombosis; ATE: arterial thromboembolism.
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FIGURE 2. Association between disease type and incidence of DVT and ATE. DVT: deep vein thrombosis; ATE: arterial
thromboembolism. *: p < 0.05.

TABLE 3. The correlation between blood components and type of diseases.

Blood products p-value
Non chronic Hematological Malignancy Cardiovascular  Other diseases
discase discases diseases diseases
RBCs transfusions 0.075 0.927 0.271 0.536 0.750
Platelet transfusions 0.003* 0.003* 0.110 0.963 0.436
FFP transfusion 0.087 0.004* 0.911 0.550 0.826
Cryoprecipitates transfusions 0.882 0.638 0.964 0.986 0.558

*Statistically significant at p < 0.05. RBC: red blood cells; FFP: fresh frozen plasma.

3.2.4 Mortality and thrombosis in recurrent
blood transfusion recipients

The mortality rate among patients who received blood trans-
fusions was 25.1% (251 patients). While four patients (1.6%)

succumbed to DVT and four (1.6%) to ATE, these differences
lacked statistical significance (Fig. 3; Table 4). Blood trans-
fusion recipients with haematological disorders, malignancies,
or without chronic diseases exhibited shorter median survival
times than those with other ailments (p < 0.01).
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FIGURE 3. Mortality and thrombosis in recurrent blood transfusion patients. DVT: deep vein thrombosis; ATE: arterial

TABLE 4. Correlation between groups of diseases and mortality.

Death
thromboembolism.

Diseases

Death

n (%)
Free of chronic disease (n = 669) 142 (21.2%)
Hematological diseases (n = 72) 7 (9.7%)
Malignancy diseases (n = 134) 67 (50.0%)
Cardiovascular diseases (n = 52) 14 (26.9%)

Other diseases (n = 80)
*Statistically significant at p < 0.05.

25 (31.3%)

4. Discussion

The main finding of the study was a significant correlation
identified between platelet transfusions and an increased risk
of ATE. No significant correlation was found between blood
transfusions and DVT. Patients aged 55-69 years in the blood
transfusion cohort showed a higher risk of DVT (p < 0.05),
especially those without chronic or cardiovascular diseases.
Haematological diseases increased the demand for platelets
and FFP. Patients without chronic diseases preferred platelet
transfusions. Patients with haematological or malignancy dis-
eases, but without chronic conditions, had a higher mortality
risk within the blood transfusion cohort.

There is a in high demand for platelet transfusions among
haematology patients, which poses logistical challenges due
to storage requirements and short shelf-life. Platelets play
a dual role in host defence and thrombotic risk. Vigilant
monitoring and tailored interventions are essential to maximise
benefits and minimise adverse events associated with platelet
transfusion. In our study, no significant correlation was iden-
tified between RBC and cryoprecipitate transfusions and the
risk of DVT and ATE. Interestingly, a significant correlation

Mortality p-value
Survival
n (%)

527 (78.8%) <0.001*
65 (90.3%) 0.002*
67 (50.0%) <0.001*
38 (73.1%) 0.755
55 (68.8%) 0.186

was found between platelet transfusions and ATE. However,
platelet transfusions did not correlate with DVT. These find-
ings are consistent with those reported previously. Schmidt et
al. [17], 2018 suggested an association between platelet trans-
fusion and increased rates of both DVT and ATE. Similarly,
Goel et al. [18], 2015 found that platelet transfusions were
linked to higher odds of arterial thrombosis. Conversely, some
studies have reported no occurrence of thrombotic events fol-
lowing platelet transfusion in any patients [19, 20]. Aligning
with the current study’s findings, MarusSic et al. [21], 2017
found no correlation between RBC and FFP transfusions and
the risk of DVT.

Arterial and venous thrombosis are two biologically dis-
tinct processes with distinct risk factors. Circulating von
Willebrand factor levels tend to increase gradually over time,
particularly after the age of 40, potentially due to the overpro-
duction of reactive oxygen species, which disrupts the balance
between thrombosis and haemorrhage [22, 23]. Emerging
pathophysiological changes include disturbances in the levels
of procoagulant and natural anticoagulant factors, along with
thrombopathy, creating a hypercoagulable state and haemo-
static difficulties, thereby increasing the risk of venous and



86

arterial thrombosis [24, 25]. In the current study, we aimed
to validate these findings and identify additional predictors of
arterial versus venous thrombosis. Our results indicate that
patients aged 55—69 years exhibited a significantly higher risk
of DVT than those in any other age group. These findings
are consistent with previous studies that have explored the
relationship between age and the risk of thrombosis [26, 27].
Studies have reported that perioperative allogeneic blood trans-
fusion is associated with an increased risk of developing VTE
in women but not in men [28, 29]. However, in a recent
study, the risk of DVT was found to be higher in men than
in women [30]. Interestingly, our study showed a different
result, indicating no association between sex and the risk
of VTE. discrepancies in the association between DVT and
sex following transfusion are not explicitly clear and warrant
further investigations.

In our analysis, we made efforts to incorporate as many
potential confounding factors as possible to elucidate the corre-
lation. We categorised diseases into five groups to investigate
their effects on the incidence of DVT and ATE. Cardiovascular
diseases emerged as a significant factor in thrombosis, with
our results indicating an association between cardiovascular
disease and the development of DVT (p < 0.001), aligning
with the findings of Ando et al. [31] (2020), which suggested
that a history of heart disease could be a risk factor for DVT
(» < 0.05). Similarly, Wang et al. [32] 2022 reported a
strong association between CVD risk factors and the risk of
DVT. Dicks et al. [33] 2024 reported that increasing age,
presence of central venous lines, oestrogens, and a wide variety
of inherited and acquired haematological conditions increase
the risk of VTE and DVT. Gregson et al. [34], (2019) found
that older age increases the risk of CVD and VTE. Besides
cardiovascular diseases, haematological diseases characterised
by complement-mediated RBC lysis are linked to an increased
risk of thromboembolic complications. This association has
also been observed in haemolytic anaemias such as sickle
cell disease (SCD), paroxysmal nocturnal haemoglobinuria,
and thalassaemia [35]. Notably, a single-institution study
reported that patients with SCD had an elevated incidence
of DVT, with a prevalence of 25% in adults with SCD [36].
Similarly, in patients with transfusion-dependent thalassaemia,
6.2% experienced thromboembolic events [37]. The release of
haemoglobin and haeme stimulates endothelial activation and
tissue factor expression, while free circulating haemoglobin
consumes nitric oxide (NO). Reduced NO levels, a major
regulator of endothelial integrity and functionality, as well as a
smooth muscle tone regulator, promote platelet activation and
vasoconstriction [38].

Moreover, in the present study’s population, different dis-
ease groups exhibited similar consumptive blood transfusion
patterns. Statistically, we observed that platelets and FFP were
more consumptive in patients with haematological diseases
than in those with other diseases. This elevated consumption
may play a significant role in the development of thrombosis,
as suggested by published studies. FFP and platelet transfu-
sions have been associated with increased thrombin generation
and platelet counts, indicating a prothrombotic effect [39].
Consistently, Zeng et al. [29], 2019 reported a substan-
tial increase in the incidence of DVT among cardiac surgery
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patients receiving multiple blood products, especially when
accompanied by FFP (25%-40%), highlighting the significant
role of FFP in thrombosis. Besides CVD, cancer represents
a strong risk factor for the development of cancer-associated
thrombosis (CAT). Khorana et al. [40], 2008 and Anderson,
2009 reported that cancer is a risk factor for DVT [41]. In
a recent publication by Pastori et al. [42], 2023, patients
with cancer had an increased risk of CAT, with a 4—-6.5-times
higher likelihood of VTE, compared with those without cancer.
Nevertheless, we found no significant correlation between
cancer and the risk of DVT.

Increasing evidence suggests a higher risk of death asso-
ciated with blood transfusions, with potential mechanisms
including excessive volume load, adult acute respiratory dis-
tress syndrome and TRs. Additional hazards may involve an
increased risk of infection or thrombosis and platelet-monocyte
aggregation [ 18, 43]. During platelet transfusions, the antico-
agulation and fibrinolytic systems are inhibited. In conditions
where coagulation activation is already heightened, platelet
transfusion may further exacerbate thrombosis, leading to mi-
crovascular occlusion of tissues and organs, ultimately causing
organ damage [44].

Our observations revealed that patients with haematological
and malignancy diseases or those with no chronic diseases
had higher mortality rates. In patients with a malignancy,
the effects of chemotherapy can necessitate RBC and platelet
transfusions due to anaemia, significantly impacting patients’
quality of life and mortality [45]. Consistent with this, Cho
et al. [46], 2021 explored the impact of blood transfusions
on the survival outcomes of patients with cancer, revealing
that the receipt of blood components shortened overall patient
survival. In haematological disorders, transfusion becomes a
reasonable option for treating bleeding or providing procedural
prophylaxis [47]. For example, the incidence of VTE was
higher in patients with SCD than in matched controls and was
associated with increased mortality [48]. Similarly, in beta-
thalassemia patients, atrial fibrillation is a major cause of mor-
tality, potentially linked to various complications such as iron
overload, resulting in elevated iron-mediated oxidative stress
[49]. Despite these potential risks, post-transfusion adverse
effects are rare due to established blood banking protocols.
Efforts are focused on preventing such adverse events from
occurring, prioritising patient safety.

5. Limitations of the study

Despite the significant findings, this study has few limitations
that must be acknowledged. While multivariate logistic regres-
sion was used to adjust for known confounders, there may be
other unmeasured variables that influenced the outcomes, such
as genetic predispositions, variations in transfusion practices,
or undiagnosed comorbidities. Detailed information on the
timing of transfusion-related complications, the specific indi-
cations for each transfusion, and the exact volume of blood
products administered was not available. This lack of gran-
ularity limits the ability to perform more detailed subgroup
analyses. Further research is needed to thoroughly understand
confounding factors’ impact on outcomes, potentially refining
transfusion guidelines for enhanced patient safety and fewer
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adverse events. Larger sample sizes and meticulously matched
study designs are recommended for future investigations, with
attention to storage duration as a key variable.

6. Conclusions

Blood transfusions have a noteworthy correlation with the
onset of fresh or progressive thrombosis and elevated mortality
rates. Our investigation specifically underscores an association
between platelet transfusions and an augmented susceptibility
to ATE. Additionally, the influence of age and underlying med-
ical conditions substantially impacts the likelihood of DVT.
These findings emphasise the necessity to modify blood trans-
fusion protocols for alleviating complications and improving
patient well-being.
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