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Editorial on the Research Topic
 Vascular malformations and thrombosis




Thrombotic disorders appear as acute diseases of arterial or venous vessels and represent the leading cause of morbidity and mortality in western countries. Risk factors differ among arterial or venous thrombosis, including molecular risk factors and clinical predisposing diseases. Together with predisposing diseases, congenital or acquired vascular malformations may also be associated with the occurrence of thrombosis or bleeding. Usually, thrombotic events of vascular malformations may appear as symptomatic disease, while bleedings are frequent in the case of vascular malformations such as aneurysms or arterio-venous fistulae. Furthermore, vascular malformations may be found in small or large vessels. From a clinical point of view, the most common difficulty for the management of vascular malformation is the absence of guidelines or best clinical practice. For this reason, and because patients with rare vascular malformations are not included in general guidelines, clinical evidence and experience in treating thrombotic or hemorrhagic complications in these patients are scarce, and further data regarding pathophysiological mechanisms and/or clinical outcomes are encouraged.

In this Frontiers Research Topic, several case reports described the occurrence of thrombotic events or bleeding in carriers of rare vascular malformations (Oualiken et al.; Li et al.; Zhou et al.). Furthermore, when a vascular malformation is identified before complication, a preventive strategy should be evaluated (Puhr-Westerheide et al.), as reported in the case of associated pregnancy (Di Micco et al.) or in the case of malformation of the face (Schmidt et al.). In other situations, such as acquired thrombophilia due to the presence of antiphospholipid syndrome, the clinical presentation may differ because antiphospholipid syndrome is a prothrombotic molecular abnormality that may simultaneously affect arterial and venous vessels in the case of vascular malformation (Jacintho et al.). On the other hand, a definite prothrombotic abnormality that can state the risk of thrombosis or bleeding of vascular malformations has not identified. Prothrombotic endothelial abnormalities may characterize clotting abnormalities, with a trend toward thrombosis in other prothrombotic diseases such as COVID-19 or Beçhet disease (Ma et al.; Thangaraju et al.). Individual lifestyle is also important, and the protective role of environmental food should be investigated in-depth in the next number of years, in particular, in selected cohorts of patients that seem to have a favorable genetic predisposition (Jia et al.).

Little is known concerning prophylaxis or therapeutic therapies regarding vascular malformations. Di Micco et al. reported successful prophylaxis using enoxaparin in a pregnant woman with jugular agenesis, while RIETE investigators described the clinical characteristics of patients treated with DOACs after a venous thromboembolism (VTE) event (Lorenzo et al.). Molecular abnormalities that may explain drug resistance in prothrombotic diseases as essential thrombocytopenia have been reported by Yang et al.. Furthermore, the role of prophylaxis in patients with vascular malformation has been tested, with positive results obtained, in particular, the quality of life in patients treated with sirolimus (Harbers et al.).

All the articles included in this Research Topic will help clinicians dealing with patients with rare vascular malformations, improving the management of these complex situations.
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Aging and obesity independently contribute toward an endothelial dysfunction that results in an imbalanced VWF to ADAMTS13 ratio. In addition, plasma thrombin and plasmin generation are elevated and reduced, respectively, with increasing age and also with increasing body mass index (BMI). The severity risk of Corona Virus Disease 2019 (COVID-19) increases in adults older than 65 and in individuals with certain pre-existing health conditions, including obesity (>30 kg/m2). The present cross-sectional study focused on an analysis of the VWF/ADAMTS13 axis, including measurements of von Willebrand factor (VWF) antigen (VWF:AG), VWF collagen binding activity (VWF:CBA), Factor VIII antigen, ADAMTS13 antigen, and ADAMTS13 activity, in addition to thrombin and plasmin generation potential, in a demographically diverse population of COVID-19 negative (−) (n = 288) and COVID-19 positive (+) (n = 543) patient plasmas collected at the time of hospital presentation. Data were analyzed as a whole, and then after dividing patients by age (<65 and ≥65) and independently by BMI [<18.5, 18.5–24.9, 25–29.9, >30 (kg/m2)]. These analyses suggest that VWF parameters (i.e., the VWF/ADAMTS13 activity ratio) and thrombin and plasmin generation differed in COVID-19 (+), as compared to COVID-19 (−) patient plasma. Further, age (≥65) more than BMI contributed to aberrant plasma indicators of endothelial coagulopathy. Based on these findings, evaluating both the VWF/ADAMTS13 axis, along with thrombin and plasmin generation, could provide insight into the extent of endothelial dysfunction as well as the plasmatic imbalance in coagulation and fibrinolysis potential, particularly for at-risk patient populations.

Keywords: COVID-19, plasmin, thrombin, von Willebrand factor, ADAMTS13


INTRODUCTION

Coagulopathy is a sequela of COVID-19 that associates with the severity of disease progression (1–4). Venous thrombosis and thromboembolism, as well as arterial thrombosis were reported at a relatively higher frequency in COVID-19 patients (3, 5). Microvascular coagulation and endotheliopathy are critical pathophysiological consequences of COVID-19 immune activation that contribute to death (6, 7). Microthrombi are most often observed in lung vessels at autopsy, particularly in peripheral lung venules, arterioles, and alveolar capillaries (6, 8). In survivors of severe disease, long term exertional impairments may persist due to microvascular thrombosis and consequent lung injury (8).

A focus on endothelial dysregulation has emerged based on evidence of increased von Willebrand factor (VWF) antigen (AG) levels (i.e., Ultra-large Von Willebrand Factor (ULVWF) multimers), increased VWF collagen type I and III binding activity (9), along with mild to moderately decreased ADAMTS13 AG and ADAMTS13 activity in severely ill patients (10–13). Physiologically, VWF and ADAMTS13 play important roles in the maintenance of hemostasis in the microvasculature (14). VWF is a large multimeric glycoprotein secreted as ultra-large pro-thrombotic forms into the vascular lumen, primarily from endothelial cells and platelets. Although endothelial cells show both basal and stimulated secretion, platelets release VWF only upon activation (15). Factor VIII circulates in plasma as a complex with VWF and facilitates site-specific cleavage of ULVWF multimers under shear stress (16). The release of Factor VIII from VWF occurs in the presence of thrombin leading to a 4-fold increase in its plasma clearance. ADAMTS13 is the enzyme that regulates VWF activity by digesting shear stress elongated pro-thrombotic ULVWF multimers (17). Under pathophysiological states, such as thrombotic thrombocytopenic purpura (TTP), a severe deficiency in availability or activity of ADAMTS13 (<10%) results in accumulation of pro-thrombotic VWF multimer forms leading to the formation of microvascular platelet-rich thrombi, thrombocytopenia, secondary micro-hemorrhages, and peripheral blood schistocytes (14, 18). In addition, thrombotic microangiopathies (TMA) are caused by many different pathologies, with endothelial injury being a common denominator. Interestingly, elevated VWF levels, accompanied by increased Factor VIII levels (18) as well as mildly decreased ADAMTS13 activity (~ 50%) and normal antigen levels (~ 1 U/ml), are observed in severe COVID-19 infection (19). However, a complete loss of ADAMTS13 activity (i.e., <10%), thrombocytopenia, schistocytes are not common in COVID-19 infection. Nonetheless, COVID-19 disease progression is consistent with endothelial dysfunction and increased plasma VWF levels and VWF:AG/ADAMTS13 activity ratios are associated with COVID-19 disease severity and reported to be a predictor of morbidity and mortality (10–13).

In addition to VWF/ADAMTS13 axis dysregulation, plasma predictors of thrombosis and fibrinolysis potential, such as thrombin and plasmin generation, respectively, have not been well-defined in COVID-19 patients. Similarly to VWF/ADAMTS13 axis parameter evaluation, assays that assess thrombin and plasmin could add relevant information on coagulation risk. Thrombin is the primary mediator of fibrinogen cleavage to fibrin, and thrombin generation is a useful measure of both increased and reduced coagulation potential when measured in plasma. Conversely, fibrinolysis is mediated by the proteolytic action of plasmin, which accumulates as a result of enzymatic cleavage of plasminogen by tissue plasminogen activator. Plasmin generation offers insight into the amount of available plasmin that could participate in fibrin clot lysis. Both measurements, when evaluated simultaneously, provide information on the potential for clot formation and the impairment of clot lysis, respectively. These assessments can be made prior to the onset, or during the processes of, coagulopathy, and offer relevant insight into thrombin and plasmin function in disease diagnosis, disease severity, and drug therapy assessments.

Independent of COVID-19, VWF:AG and the VWF:AG/ADAMTS13 activity ratio increase with aging (≥65 years of age) and body mass index (BMI; >25 kg/m2) (20, 21). Additionally, an underlying endotheliopathy is observed with aging and increasing BMI, potentially due to accumulating co-morbidities and declining organ function (22, 23). Understanding the impact of COVID-19 on endothelial markers of coagulation and more broadly, on plasma thrombin and plasmin generation, at early disease presentation may offer better insights into anticoagulation needs and monitoring as well as assessing early disease severity.

The current observational study is unique in that we evaluated the VWF/ADAMTS13 axis, as well as a simultaneous thrombin and plasmin generation assay that informs on amounts of functional thrombin and plasmin in plasma. This study evaluated individual plasmas of two large groups of demographically diverse hospitalized patients in a large urban medical center, to overcome the limitations of previous studies of endothelial dysregulation in COVID-19, which included small numbers of patients, which were then compared to healthy individuals. In contrast, we grouped hospitalized patients based on COVID-19 (−) or COVID-19 (+) status and these groups were comprised of 288 and 543 patients, respectively. Data was further evaluated based on age (i.e., <65 or ≥ 65 years), BMI (i.e., <18.5, 18.5–24.9, 25–29.9, >30 (kg/m2). Finally, these parameters analyzed in the present study were evaluated in surviving and non-surviving patients within the COVID-19 (−) and COVID-19 (+) groupings. The data generated were used in correlation and association analysis with age and metabolic parameters (24).



PATIENTS, MATERIALS, AND METHODS


Patients and Sample Collection
 
Patients

This study was approved by the Institutional Review Board of Columbia University Irving Medical Center (CUIMC) (Protocol Number AAAT0680). Data were obtained from patients who were either admitted to the hospital or seen in the Emergency Department from April 14, 2020 through May 31, 2020 (i.e., before the identification of and routine testing for novel variants in the USA), and were evaluated for SARS-CoV-2 by RT-PCR and/or serology. COVID-19 (−) patients were identified and selected based on a negative SARS-CoV-2 RT-PCR test and/or serology testing in the ED or within the initial 72 h after admission. To our knowledge, patients included in the COVID-19 (−) had no reported history of COVID-19 infection.



Patient Comparisons

First, patients were divided into COVID-19 (−) (n = 288) and COVID-19 (+) (n = 543) groups based on a positive SARS-CoV-2 RT-PCR test or positive serology. VWF, ADAMTS13, Factor VIII, and thrombin and plasmin generation parameters were compared between the groups.

Second, within the COVID-19 (−) and COVID-19 (+) groups, patients were split based on age <65 or age ≥ 65. Within the COVID-19 (−) group, age-dependent splitting resulted in n = 156 (<65 years of age) and n = 132 (≥65 years of age); within the COVID-19 (+) group, there were n = 278 patients <65 years of age and n = 265 patients ≥65 years of age. Comparisons for VWF, ADAMTS13, Factor VIII, and thrombin and plasmin generation parameters were made between COVID-19 (+) and (−) patients within the <65 and in the ≥65 years of age groupings. Further, parameters were compared within the COVID-19 (−) patient group based on age <65 and ≥ 65; similar comparisons were made for COVID-19 (+) patients.

Third, within COVID-19 (−) and COVID-19 (+) groups, patients were split based on CDC guidelines into four BMI categories: <18.5, 18.5–24.9, 25–29.9, >30 (kg/m2). Within the COVID-19 (−) group this led to the following BMI category distribution: <18.5 (n = 14), 18.5–24.9 (n = 53), 25–29.9 (n = 47), >30 (n = 92) (kg/m2). The COVID-19 (+) group had the following BMI category distribution: <18.5 (n = 15), 18.5–24.9 (n = 112), 25–29.9 (n = 98), >30 (n = 253) (kg/m2). Further, within the COVID-19 (−) and COVID-19 (+) groups, parameters were compared across BMI categorizations. All statistical analyses and graphing of data were performed using Graphpad Prism software (version 9.2.0). Data are presented as Group median values and interquartile range [25–75 percentile]. Data between COVID-19 (−) and COVID-19 (+) groups were compared using a non-parametric Mann-Whitney U test. Comparisons across several groups within BMI categorizations were analyzed with a non-parametric One-way-ANOVA with multiple comparisons using a Kruskal-Wallis test.



Sample Collection and Handling

All initial blood samples were collected within 72 h of admission in sodium citrate and analyzed for routine clinical laboratory values at CUIMC and processed to platelet poor plasma for research based assays (24). To maintain continuity and quality of specimens, samples arrived at the University of Maryland Baltimore under dry ice as a single shipment. Samples were analyzed in blocks (n = 50) to allow for a single freeze thaw followed by evaluation of enzymatic and activity assays. Plasma samples were then aliquoted into multiple tubes containing 100–200 ul and refrozen for antigen-based assays.




VWF, ADAMTS13 and FVIII Measurements

The antigen and activity measurement of VWF and ADAMTS13 was performed by using commercial ELISA kits. VWF:AG and collagen type III binding activity (VWF:CBA) levels were measured by using Human von Willebrand Factor ELISA Kit (ab168548, Abcam, Cambridge, UK) and TECHNOZYM® vWF:CBA ELISA Kit (5450301, Technoclone, Vienna, Austria) to measure the quantity of VWF and its binding to collagen type III (therefore, an increase in VWF binding indicates more circulating ultra-large molecular weight multimers), respectively. ADAMTS13 antigen and activity levels were measured by using Human ADAMTS13 ELISA Kit (ab234559, Abcam) and TECHNOZYM® ADAMTS13 Activity ELISA (5450701, Technoclone), respectively. FVIII antigen levels were measured by using Human Factor VIII total antigen assay ELISA kit (HFVIIIKT-TOT, Molecular Innovations, Novi, MI, USA). All assays were performed following manufacturer's recommendations with additional dilution of plasma samples as required.



Simultaneous Thrombin and Plasmin Generation Assay (STPGA)

Simultaneous measurement of thrombin and plasmin generation potential of plasma samples were performed with modifications to previous methods (25, 26). Briefly, plasma samples were mixed with 512 μM of either thrombin specific substrate, Z-Gly-Gly-Arg-AMC (Bachem, Bubendorf, Switzerland) or plasmin specific substrate, Boc-Glu-Lys-Lys-AMC (Bachem) and 16 nM of thrombomodulin (PeproTech, Rocky Hill, NJ, USA) similar to a previous method designed to measure thrombin and plasmin in parallel (26).

The reaction was initiated by adding an activator solution that yielded a final concentration of 1 pM tissue factor (Diagnostica Stago, Parsippany, NJ, USA), 0.7 μg/mL of tissue plasminogen activator (Sigma-Aldrich, St. Louis, MO, USA) and 16 mM CaCl2. Sample wells were supplemented with buffer (150 mM NaCl, 20 mM HEPES and pH 7.5) and AMC fluorophore instead of activator solution for background and calibrator measurements respectively. Calculation of thrombin and plasmin concentration was performed as described previously (25).



Clinical Laboratory Data

Laboratory tests were performed based on clinical necessity and not as directed by this study; the resulting values were obtained by request from the patients' charts. Therefore, not all patients had all of the tests ordered. As part of routine care, hemostasis was evaluated on STAR Evolution and STAR Max analyzers (Diagnostica Stago, Parsippany, NJ), hematology testing by Sysmex XN900 (Lincolnshire, IL), and chemistry testing by Roche Cobas c502 (Indianapolis, IN). Laboratory values, including antithrombin (AT), prothrombin time (PT)/international normalized ratio (INR), activated partial thromboplastin time (aPTT), fibrinogen, D-dimer, white blood cell count (WBC), absolute neutrophil count (ANC), absolute lymphocyte count (ALC), absolute monocyte count (AMC), hemoglobin, red blood cell count (RBC), RBC distribution width (RDW), reticulocyte count, platelet count, IL-6, lactate dehydrogenase (LDH), lactic acid, procalcitonin, troponin, blood urea nitrogen (BUN), creatinine, glucose, bilirubin (total, direct, and indirect), aspartate amino transferase (27), alanine amino transferase (ALT), albumin, total protein, ferritin, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), creatine kinase (CK), triglycerides, and blood type, were collected. Laboratory data were obtained from the Clinical Data Warehouse at CUIMC after approval from the Tripartite Request Assessment Committee. Samples were obtained in the Emergency Department, at admission, and throughout the hospital stay, and were analyzed by the CUIMC Clinical Laboratories; residual samples that were no longer required for clinical purposes, were retrieved from the CUIMC Clinical Laboratories and banked for research studies. Clinical and demographic data, including name, medical record number (MRN), sex, date of birth, age, race, ethnicity, weight, body mass index, comorbidities (hypertension, diabetes mellitus, coronary artery disease, renal disease, hyperlipidemia, liver disease, lung disease), intubation/ventilator requirement, continuous veno-venous hemofiltration (CVVH) requirement, radiographically-confirmed thrombotic complications (deep vein thrombosis, pulmonary embolism, stroke), clotting of CVVH, hospitalization course (admission date, date of Emergency Department presentation, discharge date), mortality, and date of death were collected manually by reviewing the electronic medical record.




RESULTS


General and Clinical Characteristics of Study Subjects

Patient demographic data are shown in Table 1. Briefly, COVID-19 (−) and COVID-19 (+) groups were similarly split across age, sex and racial/ethnic background. COVID-19 (−) and COVID-19 (+) patients presented with a similar prevalence of chronic conditions (hypertension, diabetes mellitus, chronic kidney disease) and both COVID-19 (−) and COVID-19 (+) patients demonstrated high median BMIs. The COVID-19 (+) patient median values for pro-inflammatory markers (C-reactive protein, ferritin, fibrinogen, and IL-6) were all increased by 1.5–2.0-fold greater than that observed in COVID-19 (−) patients. Inflammatory markers tracked with increased D-dimer levels. All clinical laboratory data that were obtained by request from patient charts are shown in Supplementary Table 1. An illness severity scoring system was not applied to patients included in this study. Nonetheless, comparisons between COVID-19 (−) and COVID (+) patients suggest a greater state of inflammation in COVID-19 (+) patients based on increased CRP (570% increase, p < 0.00010), IL-6 (179% increase, p < 0.014), ferritin (287% increase, p < 0.00010), fibrinogen (130%, p < 0.00010), and erythrocyte sedimentation rate (157%, p < 0.00010).


Table 1. Patient demographics and clinical characteristics.
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VWF/ADAMTS13 Axis Changes in Acutely Ill COVID-19 (−) and COVID-19 (+) Patients

Increased VWF:AG and activity were observed in both COVID-19 (+) and COVID-19 (−) patients (Figures 1A,B, VWF:AG reference range: ~ 0.5–2.0 U/mL). However, COVID-19 (+) patients demonstrated significantly higher VWF:AG and CBA levels compared to COVID-19 (−) patients (p < 0.0001). Respective median antigen and activity levels of VWF in the COVID-19 (+) group were 2.736 (IQR:1.822–4.060) and 3.745 (IQR:2.506–5.262) U/mL compared to 1.868 (IQR:1.257–2.770) and 2.989 (IQR:1.958–4.252) U/mL in the COVID-19 (−) group. A similar elevation of FVIII was observed in both COVID-19 (+) (Median:1.769 and IQR:1.031–3.366 U/mL) and COVID-19 (−) (Median:1.79 and IQR:0.898–3.283 U/mL) patients (Figure 1C, FVIII reference range: ~0.5–1.5 U/mL) with no significant differences between the groups. ADAMTS13 activity levels on the other hand were found to be lower in both COVID-19 (+) and COVID (−) patient groups when compared to the normal reference range (Figures 1D,E, normal ADAMTS13 activity levels: ≥ 0.5 U/mL). Specifically, ADAMTS13 activities in both groups were minimally decreased, but not lower than normal reference activity (50–160%). Respective median ADAMTS13 antigen and activity levels were 0.806 (IQR:0.592–1.023) and 0.597 (IQR:0.427–0.767) U/mL in COVID-19 (+) and 0.813 (IQR:0.614–1.069) and 0.54 (IQR:0.420–0.689) U/mL in COVID-19 (−) patients. The difference in ADAMTS13 activity levels between COVID-19 (+) and COVID-19 (−) patients was minimal, but statistically significant (p = 0.027). Subsequently, the VWF:AG/ADAMTS13 activity ratios in COVID-19 (+) patients (Median:6.051 and IQR:3.824–10.17) were significantly higher (p < 0.0001) than COVID-19 (−) patients (Median:5.567 and IQR:3.352–8.245) (Figure 1F). The data suggests that increased VWF:AG levels and VWF:CBA in plasmas of COVID-19 (+) patients occurred despite normal ADAMTS13 function. However, unlike in TTP the present data did not reveal thrombocytopenia in conjunction with increased VWF:AG levels and CBA in COVID-19 (+) patients (Supplementary Figure 1).
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FIGURE 1. VWF/ADAMTS13 axis changes and coagulation in acutely ill COVID-19 (−) and (+) patients: (A) VWF antigen, 1.868 (IQR, 1.257–2.770) (−), 2.736 (IQR, 1.822–4.060) (+), p < 0.0001; (B) VWF collagen binding activity (9) 2.989 (IQR, 1.958–4.252) (−), 3.745 (IQR, 2.506–5.262) (+), p < 0.0001; (C) FVIII antigen 1.79 (IQR, 0.898–3.283) (−), 1.769 (IQR, 1.031–3.366) (+), p = 0.4154; (D) ADAMTS13 antigen 0.806 (IQR, 0.592–1.023) (−), 0.813 (IQR, 0.614–1.069) (+), p = 0.539; (E) ADAMTS13 activity 0.540 (IQR, 0.420–0.689) (−), 0.597 (IQR, 0.427–0.767) (+), p = 0.027; (F) VWF:AG/ADAMTS13 activity 5.567 (IQR, 3.352–8.245) (−), 6.051 (IQR, 3.824–10.17) (+), p < 0.0044. Datapoints indicate individual measurements, and p-values are from the Mann-Whitney analysis for comparison within groups. Values are presented as median and interquartile range (IQR, 25th−75th percentile) for continuous variables. ns, P > 0.05; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001.




Plasma Coagulation in Acutely Ill COVID-19 (−) and COVID-19 (+) Patients

Thrombin generation increased, while plasmin generation decreased in the plasmas of COVID-19 (+) compared to COVID-19 (−) patients. An increased thrombin peak height and generation rate was observed with a simultaneously decreased plasmin peak height and generation rate in COVID-19 (+) patients (Figure 2). The median peak heights and thrombin generation rates in COVID-19 (+) patients were significantly increased by 25% [230.0 (IQR:123.0–326.2) nM] and 21% [40.38 (IQR:20.39–67.33) nM/min], respectively, compared to COVID-19 (−) patients (p < 0.01), (Figures 2A,B). The area under curve (AUC) values, however, were similar between COVID-19 (+) (2,957 nM/min) and COVID-19 (−) (2,902 nM/min) patients (Figure 2C). Representative thrombin generation curves from COVID-19 (+) and COVID-19 (−) patient plasmas are shown in Figure 2D. Plasmin peak height and generation rate were decreased by 9 and 18%, respectively, in COVID-19 (+) compared to COVID-19 (−) patients (p < 0.0001, Figures 2E,F). The median peak height and plasmin generation rate in COVID-19 (+) patients were 535.2 (IQR: 458.5–624.3) nM and 20.97 (IQR: 15.31–28.57) nM/min compared to 585.5 (IQR: 497.5–665.5) nM and 25.2 (IQR: 19.26–33.69) nM/min in COVID-19 (−) patients. Relative to healthy donor PPP, run under the same conditions (25), the median plasmin generation rates in COVID-19 (+) patients were ~40% lower. The AUC values were also significantly lower (p = 0.0002) in COVID-19 (+) patients (11,783 nM/min) compared to COVID-19 (−) patients (12,239 nM/min) (Figure 2G). Representative plasmin generation curves from COVID-19 (+) and COVID-19 (−) patient plasmas are shown in Figure 2H. These data demonstrate an increase in thrombin generation, suggesting a higher risk for thrombosis in COVID-19 (+) patients. Further, the observation of lower plasmin generation rates suggests an impaired fibrinolytic system in COVID-19 (+) patients. A similar distribution of platelet counts was observed in both COVID-19 (+) and COVID-19 (−) patients (Supplemental Figure 1).
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FIGURE 2. Plasma coagulation in acutely ill COVID-19 (−) and (+) patients: (A) Thrombin generation (TG) peak height 177.5 (IQR, 94.24–297.6) (−), 230.0 (IQR, 23.0–326.2) (+), p < 0.0005; (B) TG rate 32.66 (IQR, 15.78–57.69) (−), 40.38 (IQR, 20.39–67.33) (+), p = 0.0063; (C) TG AUC 2902 (IQR, 2442–3503) (−), 2,957 (IQR, 2,486–3,502) (+), p = 0.9187; (D) Representative TG curves from patient plasma; (E) Plasmin generation (PG) peak height 585.5 (IQR, 497.5–665.5) (−), 535.2 (IQR, 458.5–624.3) (+), p < 0.0001; (F) PG rate 25.20 (IQR, 19.26–33.69) (−), 20.97 (IQR, 15.31–28.57) (+), p < 0.0001; (G) PG AUC 12,239 (IQR, 11,277–13,369), 11,783 (IQR, 10,884–26,994), p = 0.0002; (H) Representative PG curves from patient plasma. Data points indicate individual measurements, and p-value comes from the Mann-Whitney analysis for comparison within groups. Values are presented as median and interquartile range (IQR, 25th–75th percentile) for continuous variables. TG, thrombin generation; PG, Plasmin generation. ns, P > 0.05; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001.




Age Dependent Differences in VWF/ADAMTS13 Axis and Plasma Coagulation Parameters

Increasing age is a contributing factor to illness severity and death from COVID-19 infection. The differences in VWF, ADAMTS13, thrombin generation, and plasmin generation parameters were evaluated in plasmas from COVID-19 (+) and COVID-19 (−) patients that were <65 and ≥65 years of age (Table 2).


Table 2. VWF, ADAMTS13, thrombin generation, and plasmin generation characteristics by age grouping.
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In patients <65 years of age, significant increases in median VWF:AG and VWF:CBA levels in COVID-19 (+) patients were observed. Specifically, the median VWF:AG, and VWF:CBA levels in the COVID-19 (+) group were increased by 28.8% and 17%, respectively, compared to the COVID-19 (−) group (p < 0.0001; p = 0.002) (Table 2). The increase in VWF levels and binding activity are consistent with endothelial dysfunction in patients <65 years of age. Despite the changes in VWF, no changes in VWF/ADAMTS13 activity were observed. Among patients <65 years of age, median plasmin generation rates reached statistical significance (p < 0.05). The median plasmin generation rates in COVID-19 (+) patients decreased by 9% compared to COVID-19 (−) patients (p = 0.041). Despite the changes in plasmin generation, no differences in thrombin generation were observed.

Among patients ≥65 years of age, no significant differences in ADAMTS13, ADAMTS13 activity or FVIII levels were observed between COVID-19 (+) or COVID-19 (−) groupings. On the other hand, significantly elevated VWF:AG, VWF:CBA and VWF:AG/ADAMTS13 activity ratios were observed in COVID-19 (+) patients (Table 2). Specifically, in the COVID-19 (+) group, median VWF:AG, VWF: CBA and VWF:AG/ADAMTS13 activity ratios increased (by 43, 23, and 21.5%, respectively) compared to the COVID-19 (−) group (Table 2). Among thrombin and plasmin parameters, elevated coagulation and decreased fibrinolysis was observed in COVID-19 (+) patients. Within this group, median thrombin peak heights and generation rates increased by 32.6% (p = 0.0007) and 21% (p = 0.02), respectively. Conversely, median plasmin peak heights and generation rates decreased by 11% (p = 0.0006) and 26% (p < 0.0001), respectively, compared to COVID-19 (−) patients (Table 2). Comparisons between the two age groups within the COVID-19 (+) patients (Table 2) indicates that patients ≥65 years of age have a reduced plasma ADAMTS13 activity (remaining in the reference range), as well as increased VWF:AG, VWF:CBA, and VWF/ADAMTS13 activity ratio. Further, thrombin and plasmin generation parameters were increased and decreased, respectively. Comparisons between <65 and ≥ 65-year-old individuals are also provided for the COVID-19 (−) patient group (Table 2). A similar distribution of platelet count was observed in both COVID-19 (+) and COVID-19 (−) across patients grouped as <65 and ≥65 years of age (Supplementary Figure 1).

This data indicates that a main difference between younger and older COVID-19 (+) patients evaluated in the present study was increased VWF:AG levels and activities in older patients. More importantly the age of COVID-19 (+) patients defined a risk factor for promoting hemostasis and impairing fibrinolysis based on enhanced thrombin generation and impaired plasmin generation, respectively.



BMI Dependent Differences in VWF/ADAMTS13 Axis and Plasma Coagulation Parameters

A BMI greater than normal (> 25 kg/m2) represents an important risk for COVID-19 illness severity. To assess the effect of BMI on VWF/ADAMTS13 axis changes, we grouped patients based on CDC guidelines into four BMI categories: <18.5, 18.5–24.9, 25–29.9, >30 (kg/m2). Within underweight and normal healthy BMI grouping, VWF:AG, VWF: CBA, ADAMTS13 antigen, and ADAMTS13 activity levels did not differ based on COVID-19 (−) or COVID-19 (+) status. VWF:AG, VWF:CBA and VWF:AG/ADAMTS13 activity were significantly increased in COVID-19 (+) patients within the overweight (25–29.9 kg/m2) and obese (>30 kg/m2) BMI groupings (Table 3). However, ADAMTS13 levels and activities were unchanged within the overweight (25–29.9 kg/m2) and obese (>30 kg/m2) BMI groupings regardless of COVID-19 status (Table 3). Plasma coagulation and fibrinolysis parameters measured by simultaneous thrombin and plasmin generation showed a significant inhibition of fibrinolysis in the plasmas of obese (>30 kg/m2, BMI) COVID-19 (+) patients. Median plasmin generation rates decreased by ~25% in the plasma of COVID-19 (+) obese patients. Comparisons between BMI categorization in the COVID-19 (+) group demonstrated no significant differences in assayed parameters from plasmas collected at hospital presentation or admission. A similar distribution of platelet counts was observed in both COVID-19 (+) and COVID-19 (−) across patient BMI groupings (Supplementary Figure 1).


Table 3. VWF, ADAMTS13, thrombin generation, and plasmin generation characteristics by BMI groupings.
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VWF/ADAMTS13 Axis Changes and Plasma Coagulation Parameters in Survivors and Non-survivors

The VWF/ADAMTS13 axis as well as plasma hemostasis and fibrinolysis were compared within the COVID-19 (−) and COVID-19 (+) groups to understand the differences in VWF/ADAMTS13 axis and plasma coagulopathy between surviving and non-surviving patients (Table 4). At the time of the initial blood draw, hospitalized COVID-19 (−) patients who ultimately did not survive their illness demonstrated significantly (p < 0.05) higher VWF levels and collagen binding activity as well as higher FVIII levels compared to COVID-19 (−) patients who survived their illness. The same parameters were also significantly (p < 0.05) increased in non-surviving COVID-19 (+) patients; however, survival was increased by 3.5-fold (p < 0.0001) in the COVID-19 (+) group compared to the COVID-19 (−) group.


Table 4. VWF, ADAMTS13, thrombin generation, and plasmin generation characteristics by survivors and non–survivors in COVID-19 positive and negative groups.
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DISCUSSION

COVID-19 infected patients are at greater risk for venous and arterial thrombosis, particularly once the severity of disease requires intensive care (5, 28–30). Several studies identify important links between metabolic and protein changes that indicate up-regulated coagulation linked to inflammation and complement and offer unique insight into the relevant changes in COVID-19 coagulation omics (31–33). However, to our knowledge, no study has specifically focused on VWF/ADAMTS13 axis changes of coagulation combined with thrombin and plasmin generation in COVID-19 (−) or COVID-19 (+) patient cohorts at the time of hospital presentation and admission. Further, the present analysis focuses on plasma coagulation parameters in these two cohorts and then, more specifically, based on aging or BMI categorization and finally on changes in the VWF/ADAMTS13 axis and plasma coagulation in survival. Here we evaluate VWF/ADAMTS13 axis changes that suggest an early endothelial-based coagulopathy along with imbalanced plasma thrombin and plasmin generation.

Microvascular thrombosis caused by endothelial dysregulation is tied to immune activation and is an important pathophysiological response to COVID-19 infection (34). A review of autopsy findings identified that ~60% of deceased COVID-19 patients evaluated demonstrate microvascular thrombosis (35). Microthrombi are primarily observed in the lungs (~75% of cases), but also in the kidneys, liver, and heart (35). Within lung tissue, histopathology and immunohistochemistry analyses provide evidence of widespread primary pathology across alveolar sites and the peripheral lung vasculature, including pre- and post-capillary pulmonary vessels (34, 36). The microthrombi described in small pulmonary arteries and veins demonstrate immunoreactivity for platelets and megakaryocytes (i.e., CD61), fibrin, VWF, and lymphocytes (i.e., CD4, CD8) (36). Interestingly, the localized pulmonary coagulopathy in COVID-19 pneumonia is more pronounced than that in influenza or bacterial pneumonia, and demonstrates an upregulated gene signature consistent with hypoxia-induced intussusceptive “splitting” angiogenesis (34). Platelet- and VWF-rich thrombi demonstrate greater resistance to thrombolytic therapies (37, 38) suggesting that treatment options are limited after established microvascular thrombosis in severe COVID-19 infection.

These observations of increased microvascular thrombosis caused by endothelial dysregulation influenced studies on the contributions of VWF and ADAMTS13 across a range of pro-thrombotic processes and COVID-19 disease severities (9, 39, 40). VWF is an acute-phase reactant and its secretion from endothelial cells increases in response to various stimuli, including shear stress and inflammation (41). During the inflammatory activation associated with COVID-19, the vascular imbalance of VWF and ADAMTS13 favors an elevated VWF:AG/ADAMTS13 activity ratio; this shift is implicated in localized endothelial dysfunction of COVID-19 infection (10–13). A close relationship with the VWF/ADAMTS13 axis and hospitalized COVID-19 (+) patients disease severity (low, intermediate, and high) is identified (11). This study also reports on VWF multimer accumulation in the plasmas of COVID-19 (+) patients suggesting a relationship between endothelial coagulation and COVID-19 disease severity. Two additional studies specifically identify the upper limits of VWF:AG levels (4.23-fold greater than normal) (12) and collagen binding activity (4.46-fold greater than normal) as predictors of mortality (13).

Our observations suggest that VWF:AG is increased in the plasma of both COVID-19 (−) and COVID-19 (+) patients at hospital presentation and admission. However, VWF:AG levels exceed the reference range (0.5–2 U/mL) and VWF collagen binding activity is significantly increased in COVID-19 (+) patients. Factor VIII levels were not found to be changed at the time of hospital presentation in the COVID-19 (+) patient plasmas analyzed in this study. Despite elevated VWF function in COVID-19 (+) patients' plasma, only mild changes in ADAMTS13 levels or activity are observed. Our rationale to measure ADAMTS13 levels was based on reports of ADAMTS13 antigen and activity decreases in other infections, including bacterial sepsis (42), and in viral infection-induced secondary TTP due to ADAMTS13 specific IgG inhibitor production (43). Nonetheless, the ratio of VWF:AG to ADAMTS13 activity does increase because of the higher VWF:AG levels. These observations differ from those observed in diseases of endothelial micro-thrombotic origin. For example, TTP is characterized by loss of ADAMTS13 function, thrombocytopenia, and schistocytosis (44). In the present study, COVID-19 (+) patient plasma showed normal ADAMTS13 functional activity (≥50%) and normal platelet levels (~250 × 109/L), consistent with prior studies of COVID-19 disease progression and severity (10, 13). Although not widespread across the spectrum of COVID-19-induced coagulopathy, some reports include case descriptions of TTP during ongoing infection; that is, microangiopathic hemolytic anemia with schistocytes and thrombocytopenia (19, 45).

COVID-19 disease outcome is widely reported to be affected by age and underlying comorbidities. For example, patients of increasing age and, independently, of increasing BMI are reported to be at greater risk for thrombosis based on underlying systemic organ functional decline and the likelihood of comorbidities (46, 47). In addition, comorbid states consistent with increasing age and increased BMI track with COVID-19 disease progression (48–50). Specifically, the median age in the present study was 62 and 63 years of age in the COVID-19 (−) and COVID-19 (+) cohorts, respectively, and, within the two groups, the patients were almost equally split between individuals younger and older than 65. Based on our current data with COVID-19 (−) and COVID-19 (+) patients, there was a clear age-dependent effect (i.e., ≥65) on VFW:AG, VWF collagen binding activity, and the VWF:AG/ADAMTS13 activity ratio, suggesting an enhanced potential for endothelial coagulopathy. A shift toward increased thrombin generation and decreased plasmin generation was observed in COVID-19 (+) patients >65 years of age in the present study, suggesting an increased risk for hemostasis and impaired fibrinolysis.

Assessment of coagulation in COVID-19 using viscoelastic coagulation tests (e.g., TEG and ROTEM) offers an important insight into the potential for hemostasis and the likelihood for effective fibrin clot lysis in whole blood and platelet rich plasma (51). These assays can be performed at bedside, and are potentially useful in the diagnosis and treatment of COVID-19-induced coagulopathy (27, 52). Several studies that utilize viscoelastic coagulation tests demonstrate elevated clot strength in COVID-19 infection (34, 53, 54). However, viscoelastic tests do not specifically determine the amount of thrombin or plasmin produced in the patient's sample, and the sensitivity of viscoelastic tests to detect fibrinolysis remains controversial (55). For example, in several cases of COVID-19 coagulopathy, analysis by ROTEM suggested that fibrinolysis is completely inhibited (56). However, we do not observe complete inhibition of plasmin generation in the plasma samples evaluated in the study described here. Our study employed a research-based simultaneous thrombin and plasmin generation enzymatic assay to assess the potential for hemostasis and fibrinolysis in PPP (26, 57–59). An important feature of this approach allows for an improved understanding of the rate of thrombin generation, but also an accurate assessment of plasmin generation rates and functional fibrinolysis within a sample. Analysis of 288 COVID-19 (−) and 543 COVID-19 (+) plasma samples obtained at the time of hospital presentation and admission suggested increased thrombogenic potential/ dysregulated hemostasis based on significantly greater thrombin peak heights and generation rates in COVID-19 (+) patients. In addition, impaired fibrinolysis was suggested by identifying significantly lower plasmin peak heights and generation rates in COVID-19 (+) patient samples (60). Interestingly, patients ≥65 years of age, which comprised ~50% of the patient population studied, accounted for the highest thrombin generation rates and the lowest plasmin generation rates. Unexpectedly, neither overweight nor obese patients demonstrated increased thrombin generation, and only obese patients (i.e., ≥30 kg/m2) demonstrated significantly lower plasmin generation. Collectively, this may indicate that age is one of the most important additive risk factors for dysregulated hemostasis in COVID-19 infection. This is not to say that all patients of increasing age develop thrombosis during COVID-19 infection, and these observations are likely due to existing comorbidities; for example, an aging endothelium and lower organ function naturally occurs over time. Finally, median D-dimer levels were increased in both COVID-19 (−) and (+) patients, but to a greater extent in the latter. However, active thrombosis was not ubiquitous in the patient cohorts described in our study, suggesting that ongoing fibrinolysis, unrelated to clot degradation, is relevant in COVID-19 (61).

The VWF/ADAMTS13 axis is significantly imbalanced in favor of higher VWF levels and activity and lower ADAMTS13 levels and activity in both acutely ill COVID-19 (−) and COVID-19 (+) non-survivors at the time of hospital admission. The VWF:AG/ADAMTS13 activity ratio was increased by 32 vs. 23% in COVID-19 (−) and COVID-19 (+) non-surviving patients, respectively. The samples in this study were analyzed in plasma from blood drawn at the time of hospital presentation or early after hospitalization and did not focus on temporal changes involved in disease progression. The most distinct difference between COVID-19 (+) and COVID-19 (−) non-survivors was a decrease in plasmin generation in COVID-19 (+) patients. This observation may suggest a COVID-19-induced impairment in fibrinolysis mediated by plasminogen activator inhibitor 1 (PAI-1) (62, 63), consistent with greater expression of the inhibitor in adipose tissue (64) and endothelium (65).

The present study defines VWF/ADAMTS13 axis parameters as markers of endothelial dysfunction, along with thrombin and plasmin generation as predictors of thrombosis and fibrinolysis, based on two important risk factors known to predict poor outcome in COVID-19 infection: increased age (66) and obesity (48). However, this study does have several acknowledged limitations. First, although most patients were admitted to inpatient care in both the COVID-19 (−) and COVID-19 (+) groups, some patients had blood draws in the Emergency Department and were discharged to home; therefore, only the sickest COVID-19 (−) patients are represented in this study. Second, hospitalized COVID-19 (−) and COVID-19 (+) patients demonstrate considerable differences in pathophysiology and not all co-morbidities could be captured based on the number of patients in need of care. Notably, COVID-19 (+) patients evaluated in this study demonstrated increased markers of inflammation as compared to COVID-19 (−) patients. Third, BMI values were not available for all patients. In the COVID-19 (−) group, 206 of 288 (72%) patient BMIs were available; in the COVID-19 (+) group 478 of 543 (88%) of patient BMIs were available. Fourth, the simultaneous measurement of thrombin and plasmin is a research-based methodological approach to assess thrombin and plasmin function and standardized reference values across laboratories are not available. Therefore, data can only be compared when evaluated across study groups. Nonetheless, this does not diminish the potential relevance of VWF/ADAMTS13 axis parameters, and of plasma thrombin and plasmin generation parameters, regarding the COVID-19 (+) patients evaluated in this study.

In conclusion, these data are consistent with early signs of endothelial damage that may reflect the pulmonary immune-thrombosis seen with COVID-19 (Schematic Figure 3). The median VWF:AG level, VWF: CBA, and VWF:AG/ADAMTS13 activity ratio were all increased in COVID-19 (+) patients, as compared to the acutely ill COVID-19 (−) cohort. However, changes in median ADAMTS13 levels and activity were not observed. Similarly, median platelet levels were unchanged, and thrombocytopenia was not a consistently seen clinical finding, ruling out typical, and likely atypical, TMA. Furthermore, increased plasma coagulation, as determined by thrombin and plasmin generation, suggests the potential for dysregulated hemostasis in COVID-19 infection. This latter observation was almost exclusively weighted toward patients ≥65 years of age and surprisingly less relevant in overweight and obese COVID-19 (+) patients. Surprisingly, no differences in VWF/ADAMTS13 axis parameters were observed in critically ill COVID-19 (−) versus COVID-19 (+) non-survivors, while a significant imbalance, favoring endothelial coagulopathy was observed between surviving and non-surviving patients in each cohort. This retrospective analysis of acutely ill COVID-19 (−) and COVID-19 (+) patients suggests VWF/ADAMTS13 axis parameters, along with thrombin and plasmin generation, are relevant coagulation parameters to measure in early COVID-19 infection. The assessment of thrombin generation, but more specifically plasmin generation offers critical insight into impaired fibrinolysis not easily obtained by viscoelastic tests.
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FIGURE 3. Immune-thrombosis in COVID-19: endothelial and plasma coagulation: (1) Viral infection leading to endothelial damage and inflammation. (2) this leads to increased expression of cytokines, and procoagulant factors like VWF, activation of platelets and neutrophil extracellular traps (NETs) release; VWF is cleaved by ADAMTS13. (3) increased thrombin and plasmin generation potential in presence of thrombomodulin leading to increase in fibrin degradation products and D-dimer. (4) thrombus formation and (5) subsequent fibrin degradation that results in increased D-dimer in Covid-19. TM, thrombomodulin; tPA, tissue plasminogen activator; TF, tissue factor; VWF, von Willebrand factor; NETs, neutrophil extracellular traps (Figure created with Biorender.com).
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Supplementary Figure 1. Platelet levels in COVID-19 (−) and COVID-19 (+) patients: (A) Total platelets 222(IQR, 168–293.8) (−), 220(IQR, 152–287) (+), p = 0.3977; (B) Platelets levels by age groups: <65: 233(IQR, 177–313) (−); 232(IQR, 173–299.5) (+), p = 0.6889; >65: 214(IQR, 162–279) (−), 227.5(IQR, 164.8–287) (+), p = 0.3809; Platelet levels by BMI (C) BMI <18.5: 164.5(IQR, 105.5–232) (−), 188(IQR, 124–325.5) (+), p = 0.5079; (D) BMI 18.5–24.9: 220(IQR, 156.8–297) (−), 211.5(IQR, 148.8–271.3) (+), p = 0.3904; (E) BMI 25–29.9: 216(IQR, 184.8–299.3) (−), 252(IQR, 177.5–303) (+), p = 0.6124; (F) BMI >30: 241.5(170–341.5) (−), 238(179.8–300) (+), p = 0.9451. Datapoints indicate individual measurements, and p-values were obtained from the Mann-Whitney analysis for comparison within groups. Values are presented as median and interquartile range (IQR, 25th–75th percentile) for continuous variables.
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We report a case of Behçet’s disease (BD) with a newly identified tissue factor pathway inhibitor (TFPI) gene mutation. The patient suffered from recurrent deep vein thrombosis and dural sinus thrombosis which could not be relieved by constant anticoagulation therapy. Slight relapsing oral lesion was the initial manifestation of BD but was neglected. Genital ulcers and ocular symptoms were manifest 8-month later than vascular involvement. The patient was diagnosed with BD at last and a novel mutation in TFPI was identified simultaneously. After administration with azathioprine and dexamethasone, the clinical symptoms were quickly gone and no relapse was found during 7-month follow-up.
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INTRODUCTION

Behçet’s disease (BD) is a chronic multisystemic vasculitis which affects both arteries and veins with non-specific inflammation. The clinical symptoms of BD are protean and commonly characterized with oral aphthae, genital ulcerations and ocular involvement. Though the etiology of BD remains uncertain, many factors have been thought contributory, including geographic region, genetic variants, viruses’ infection and so on (1, 2). Its prevalence and clinical manifestations also show regional differences (3). BD is most frequent from the Mediterranean region to the Far East, and gastrointestinal involvement is more commonly described in these areas (4–6). The onset age of BD is usually in the third decade, with significant morbidity and mortality reported to be associated with precocious onset, particularly in male patients.

Vascular involvement affects approximately 15 – 40% BD patients, and 27.5% of these patients may exhibit vascular lesion as their initial manifestation (7). Vascular complications before classic symptoms of BD or meeting the International Criteria for Behçet’s disease (ICBD) greatly increase the difficulty in diagnosis. Deep vein thrombosis (DVT) is most common and mainly found in lower extremities. Venous thrombosis in other sites includes vena cava and dural sinus thrombosis. It was also reported that dural sinus thrombosis was significantly associated with systemic major vessel disease (8).

Tissue factor pathway inhibitor (TFPI) is a vital modulator in coagulation cascade. On one hand, it forms a quaternary complex with tissue factor, activated factor VII and X. On the other hand, it binds with activated factor V, inhibiting the conversion from prothrombin to thrombin (9). The majority of TAPI is bound to vessel endothelial cells, and only 20 – 50% circulates in blood (10). Low levels of plasma TFPI are reported to increase the risk of thrombosis in both veins and arteries (11). Genetic variants may contribute to the heritable variation of TAFI level in plasma or affects its interaction with other cofactors (12–14).

Here we report a case in which a young man suffered from recurrent thrombosis and eventually identified with BD and a novel mutation in TFPI. The double hit of widespread vasculitis and disturbed modulating of coagulation may explain the refractory thrombophilia. To our knowledge, the mutation carried by this patient is newly identified and this is the first reported case presenting recurrent thrombosis caused by BD with thrombophilic genetic mutation. The patient and his family were fully informed and written consents were signed. This work is approved by the ethics committee of Union Hospital at Huazhong University of Science and Technology.



CASE PRESENTATION

A 21-year-old Chinese male patient who had suffered from recurrent thromboembolism events for nearly 1 year was admitted to our hospital. With no history of major health issues or family history regarding similar conditions reported, the patient exhibited swelling and pain in lower left limb 1 year ago. A proximal leg vein ultrasound scan indicated thrombosis and anticoagulation treatment was carried out with 2-week low molecular weight heparin (LMWH) and 8-month rivaroxaban. About 1 month after finished anticoagulation, he caught a cold and exhibited headache, vomiting and double vision in the left eye afterward. Cerebral angiography in local hospital indicated dural sinus thrombosis (Figure 1) and the patient was given anticoagulation with LMWH, dehydration therapy, neurotrophic treatment and so on. In the meantime, coagulation tests showed basically normal results. Nevertheless, after administration with LMWH for 50 days, the patient was diagnosed with DVT in lower right extremity again. Then the patient was transferred to our department.


[image: image]

FIGURE 1. MRI scan indicated dural sinus thrombosis.


In physical examination, limited abduction of his left eye, erythema at injection sites (Figure 2A) and raised temperature of skin on the right inner thigh were manifest, together with swelling of bilateral lower limbs, particularly in the right. Negative results were reported in investigations including extractable nuclear antigen, lupus anticoagulant and anti-cardiolipin antibodies. C-reactive protein (CRP) was 55 mg/L (normal: < 5 mg/L). Considering the refractory thrombi in deep veins of lower limbs and dural sinus, genetic screening for thrombophilia which used panel-based next generation sequencing (NGS) targeting genes involved in hemostasis, anticoagulation and fibrinolysis system was also applied. While waiting for the results, treatment with argatroban, dehydration, anti-infection and neurotrophic therapy were used. Two days after transferred to our department, laboratory data involved with coagulation testing, activities of coagulation factors showed prolonged APTT (64.5 s, normal: 20 – 47.1 s), TT (43.4 s, normal: 12.9 – 22.9 s) and reduction in activities of coagulation factors VIII (43%, normal: 70 – 150%), IX (51%, normal: 60 – 150%), XI (46%, normal: 70 – 120%) were observed. And treatment as described above for 2 weeks did not see release in right-leg swelling and the regional pain was even more severe. CRP consistently fluctuated between 50 and 60 mg/L.


[image: image]

FIGURE 2. Erythema at injection sites when the patient was admitted (A). Ulcerations on the scrotum were manifest 2-weeks later (B).


Then the result of genetic screening came out, reporting a heterozygous mutation of TFPI (NM_006287; c.C403T: p.R135X; Figure 3). The variant was discovered by NGS and confirmed by Sanger sequencing. The variant of TFPI was also identified in his father but not his mother through further work-up. Meanwhile, the patient began to exhibit two ulcers on the scrotum (Figure 2B). But no oral aphthae were found with the patient. After repeated questioning, the patient reported recurrent genital ulcerations for half a year, and resolution always occurred spontaneously. He had gone to dermatologists and rheumatologists many times but no diagnosis had been made. There were also oral ulcerations three to four times a year for almost 2 years, along with occasional bloodshot eyes. Because of the mildness of these manifestations, he failed to put these signs together and did not mention them when admitted. According to the ICBD, the diagnosis of BD was made based on the oral and genital lesions, ocular involvement and vascular symptoms. The coexisting mutation in TFPI may also contribute to his refractory thrombophilia and resistance to anticoagulants.
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FIGURE 3. Sequencing analysis of the patient revealed a heterozygous mutation in TFPI.




TREATMENT

After diagnosis of BD, azathioprine (100 mg qd), prednisone (4 mg qd) and continuous anticoagulation was administered to the patient.



OUTCOME AND FOLLOW-UP

The patient promptly recovered and the swelling and localized pain in his right leg disappeared quickly. So did the ulcerations in scrotum. Reexamination showed a decrease to normal range in CRP. During our 7-month follow-up, the patient exhibited no relapse in thrombosis or ulcerations.



DISCUSSION

In this study, we reported a case characterized with recurrent thrombi in lower extremities and dural sinus. Vascular involvement was 8-month earlier than ocular symptoms and genital aphthae. Slight relapsing oral lesion was the initial manifestation. However, it failed to draw attention from the patient himself or the clinicians. Diverse symptom combinations and timeframe make the diagnosis of BD sometimes quite challenging. The patient was also identified with a novel mutation in TFPI, which may contribute to the refractory thrombophilia. The effect of continuous anticoagulation treatment was proved to be unsatisfactory in this case. For the most part, laboratory data of coagulation studies was basically normal, while the prolonged APTT, TT, and reduction in activities of coagulation factors VIII, IX, XI were probably caused by the administration of argatroban at that time. On the contrary, immunosuppressive agents and glucocorticoids were significantly effective. This case highlights the importance of a broad differential diagnosis when the patient suffers from recurrent multiple thrombi under unknown cause.

Behçet’s disease is classified as an inflammatory vascular disease affecting blood vessels of all sizes and kinds, which involves almost every organ and system. It is distributed globally, in spite of the regional differences of prevalence and manifestations. The most frequently described clinical symptom is mucocutaneous lesion. Oral aphthae is described in 98% of cases and genital aphthae in about 65% cases (15). While the spontaneously recovering ulcerations are quite negligible, diagnosis of BD is challenging -and relies on thorough medical history, which is indicated by our case.

The mechanism underlying vascular involvement in BD is not clear. Despite the fact that vascular syndrome is manifest in only approximately 15% patients, it contributes greatly to the morbidity and mortality of BD (16). Most BD patients with vascular involvement experience the first vascular event within 5 years since onset of the disease, which is earlier than fulfilling the diagnostic criteria in 10.8% of these patients (8). The primary objectives in treating BD patients with vascular involvement are suppressing vasculitis and preventing further complications (17). Standard guidelines regarding the management of thrombosis in BD patients are currently lacking. The first choice is immunosuppressive agents, while the usage of anticoagulants is controversial considering the risk of fatal bleeding when pulmonary arterial aneurysm is coexisting. A retrospective analysis of 807 BD patients showed 4-fold decreased thrombosis relapse by immunosuppressive agents alone (18). The relapse rates were similar when comparing patients using anticoagulants together with immunosuppressant or only immunosuppressant (19, 20). The usage of azathioprine and dexamethasone was effective in this case and follow-up of longer duration is needed to testify its effect on relapse. To reach reliable consensus and tailor for specific phenotypes of patients, more randomize controlled studies regarding management of vascular BD are needed.

Tissue factor pathway inhibitor is a vital anticoagulant which inhibits the earliest steps in extrinsic coagulation pathway. Threshold effect of low plasma TFPI levels on thrombotic risk has already been clarified. About two-fold increased risk of incident VTE and myocardial infraction was found in subjects with baseline TFPI levels in the lowest 5 – 10% of the distribution (21, 22). Dennis et al. (11) systematically summarized the genetic factors associated with levels of plasma TFPI. They found that the minor allele of rs5940 was related with decreased TFPI level, and mutations causing deficiencies in protein S, factor V, apolipoprotein E and galactosidase α also had influences on plasma TFPI level. Studies have reported controversial conclusions regarding the relation between some variants of TFPI and the caused risk for thrombosis (14, 23). The mutation C-403T identified in this patient is located in exons of TFPI, and we presume that this mutation has deleterious effects on anti-coagulation which needs further study to verify.

There are also obvious limitations in our study. How the TFPI variant affects the plasma level and modulatory function of TFPI is unclear. Further investigation is needed to clarify its importance. Follow-up study of the patient will help monitor recurrence or aggravation. This case elucidates the importance of early diagnosis and identifying the causes in choosing appropriate treatment. A comprehensive medical history and broad differential diagnosis are vital when the patient exhibits recurrent multiple thrombi under unknown cause.



LEARNING POINTS


•The diagnosis of BD can be very challenging when vascular involvement is manifest earlier than the classical combinations of oral aphthae, genital ulcerations and ocular symptoms.

•A broad differential diagnosis and genetic screening for thrombophilia are vital when the patient exhibits recurrent multiple thrombi under unknown cause.

•A novel mutation in TFPI was identified in this case.
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Background: Cerebral venous sinus thrombosis (CVST) is a rare but serious and treatable cause of neurologic symptoms. Due to the variable clinical presentation, CVST was often misdiagnosed. According to published case reports, common clinical manifestations of CVST include headache, focal neurological deficit, epilepsy, papilledema, etc. It is rare, nevertheless, to mention cases of rapidly progressive dementia (RPD).

Case presentation: We reported a case of a 62-year-old retired male accountant, a Han Chinese from eastern China, who initially presented with slow response and memory decline. Until 2 months later, his memory declined and slow response deteriorated significantly, and he could not even complete simple tasks like brushing his teeth, washing his face, washing his feet, and dressing himself, and sometimes developed fecal incontinence. His neuropsychological test demonstrated severe cognitive decline. The cerebrospinal fluid (CSF) studies revealed markedly high opening pressure (260 mm of water), and coagulation tests indicated a mild elevation of D-Dimer of 1.19 mg/L. The magnetic resonance venography (MRV) showed thrombosis of the left transverse sinus, sigmoid sinus, and jugular venous bulb and was diagnosed as CVST. He switched from subcutaneous low molecular weight heparin (LMWH) and transitioned to oral anticoagulants at the time of discharge. The repeated CSF studies revealed normal opening pressure. After 5 days of anticoagulant treatment, his symptoms considerably improved, and a 1-month follow-up revealed that he had fully healed with no signs of recurrence.

Conclusion: This case demonstrated the clinical heterogeneity of CVST, which should be taken into account for differential diagnosis of RPD. This case study also offered fresh data for the categorization of the clinical traits and the diagnosis of CVST.
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cerebral venous sinus thrombosis (CVST), dementia, rapidly progressive dementia, idiopathic intracranial hypertension (IIH), anticoagulant


Introduction

Cerebral venous sinus thrombosis (CVST) is a rare but serious and treatable cause of neurologic symptoms. Whereas CVST accounts for fewer than 1% of all strokes, which primarily affects younger adults and children, and is characterized by clinical signs and symptoms such as headache, nausea and vomiting, optic papilledema, limb paralysis, and epilepsy (1–4). The incidence of diagnosis and misdiagnosis is significant due to the complicated and diverse clinical presentations of CVST, and it has been reported in the literature that the misdiagnosed rate can be as high as 50% (5). The relative rarity of this disease, combined with the variable and subacute presentation of symptoms, is thought to contribute to the delay in diagnosis (6). The clinical presentation of CVST is highly heterogeneous, with headache symptoms being the most prevalent (7). However, rapidly progressive dementia (RPD) is rare as the first symptom of CVST (8). Here, we described a patient presenting with slow response and memory decline as the first symptom and had been misdiagnosed. He was finally diagnosed as CVST based on cranial magnetic resonance imaging (MRI) combined with MR venography (MRV). This case report describes a rare clinical manifestation of CVST, which will contribute to a better understanding of the clinical characteristics of CVST for better diagnosis in the future.



Case presenting

A 62-year-old retired male accountant, a Han Chinese from eastern China with a past medical history of significant hypertension and coronary artery disease, was admitted to a local hospital in September 2020 for “nephrotic syndrome” and was reported by his family to be cured and discharged on 50 mg of oral prednisone daily. The patient was admitted on December 21, 2020, for approximately 2 months for slow response and memory loss (Figure 1). He began to experience slow response, memory loss, personality change, irritability, and self-talk at times around October 2020, and the symptoms progressively worsened until 1 week ago, when he was unable to perform simple tasks like brushing teeth, washing face, washing feet, and dressing himself and sometimes had fecal incontinence. He denied complaints of fever, headache, slurred speech, numbness and weakness of the limbs, and convulsions. He visited a local hospital on December 12, 2020, and a head computed tomography (CT) indicated lacunar cerebral infarction with ischemic changes in the white matter of the brain. By using the Chinese medical treatment blood stasis-removing therapy using salvia miltiorrhiza, however, his symptoms deteriorated significantly.


[image: image]

FIGURE 1
Summary of the clinical features, therapy, laboratory tests, and imaging tests. LMWH, low molecular weight heparin; MRV, magnetic resonance venography.


On admission, he denied any history of smoking, alcohol abuse, or recreational drug use. He also had no known history of coronavirus disease-2019 (COVID-19) infection or vaccination with unremarkable family history. His body mass index at the time of admission was 25 kg/m2, with no change in weight over 1 year, vital signs were within normal limits, and his room air was well saturated. Neurological examination revealed slow response, memory loss, poor computation power (100–7 = 9, 9–7 = 0), and could only answer simple questions. His neuropsychological test revealed severe cognitive decline with a Mini-Mental State Examination (MMSE) score of 14 and a Montreal Cognitive Assessment (MoCA) score of 10. The muscle strength of his limbs was grade 5/5, the muscle tone, and tendon reflexes were normal, and the remaining physical and neurological examination results were not significant.

On day 2 after admission, relevant examinations were carried out. No abnormality was revealed by blood routine, routine urine and stool testing, thyroid function, glycosylated hemoglobin, and tumor markers, homocysteine. Some biochemical indications revealed mild abnormalities, such as total bilirubin of 34.00 μmol/L (normal range, 3.4–20.5 μmol/L), direct bilirubin of 11.00 μmol/L (normal range, 0–6.8 μmol/L), total protein of 52.3 g/L (normal range, 60–80 g/L), Albumin of 33 g/L (normal range, 34–48 g/L), Alanine aminotransferase of 56 U/L (normal range, 8–40 U/L), and lactate dehydrogenase of 340 U/L (normal range, 81–234 U/L). Coagulation tests also revealed mild elevation of D-Dimer was 1.19 mg/L (normal range, 0–0.55 mg/L). In addition, the hepatitis B surface antigen, syphilis antibody, hepatitis C virus antibody, and anti-human immunodeficiency virus antibody were negative. Lung CT plain scan showed bronchitis, coronary lesions, a small amount of pleural effusion on both sides, and thickened adhesions on the left pleura. Upper abdomen CT scan showed limited hepatic contour dysplasia and cholecystitis.

On the third day of admission, the lumbar puncture was performed, showing high opening pressure (260 mm of water), normal cerebrospinal fluid (CSF) protein level (276.5 mg/L), normal cell count (3 × 10^6/L), normal CSF glucose (4.2 mmol/L), and normal CSF chloride (125 mmol/L). Considering the probability of autoimmune encephalitis (AE), an antibody testing of CSF was also performed on December 25 using a cell-based assay (EUROIMMUN Medical Diagnostics). However, the anti-NMDAR, anti-AMPAR1, anti-AMPAR2, anti-mGluR5, anti-GAD65, anti-lgLON5, and anti-DPPX antibodies were detected as negative. Electroencephalogram (EEG) revealed extensive mild abnormal EEG (alpha generalization). Brain MRI exhibited multiple lesions in the center of the centrum semiovale, with hypointensity on T1-weighted image (Figure 2A), hyperintensity on T2-weighted image (Figure 2B), on FLAIR (Figure 2C), and isointensity on DWI (Figure 2D). No intracranial aortic stenosis was evident on cranial magnetic resonance angiography (MRA) (Figures 3A,B). On December 26, MRV demonstrated thrombosis of the left transverse sinus, sigmoid sinus, and jugular venous bulb (Figures 3C,D), which was considered CVST. Subsequently, the patients were screened for predisposing factors for thrombosis. Factor V Leiden and prothrombin gene mutations were negative. Furthermore, his protein S and protein C were all within normal limits. He was administered low molecular weight heparin (LMWH) 100 unit/kg subcutaneously twice daily to maintain APTT between 1.5 and 2.5 times of control value for 14 days. His symptoms improved significantly after 5 days of anticoagulation therapy, in which computing power was fully restored. The MMSE scores and MoCA scores were 22 and 18, respectively. A repeat lumbar puncture on January 3 showed normal opening pressures (160 mm water) and the rest of the CSF test results were within normal limits. The repeated coagulation tests also revealed a normal D-dimer on January 7. On day 3 prior to discharge, he transitioned to oral anticoagulants (warfarin) with anticipated treatment lasting 6 months. He was discharged on January 10 with complete resolution of his symptoms at the follow-up 1 month later. The MMSE scores and MoCA scores were 28 and 26, respectively with no sign of recurrence at the follow-up after 6 months. As for his cognition, the patient himself stated that there was no change in his memory and his family did not notice any change in his personality or behavior.
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FIGURE 2
Cranial MRI results of the patient, showing multiple lesions in the center of the centrum semiovale with hypointensity on T1-weighted image (A) (arrows), hyperintensity on T2-weighted image (B) (arrows), on FLAIR (C) (arrows), and isointensity on DWI (D). MRI, magnetic resonance imaging.
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FIGURE 3
Imaging examination. Cranial MRA showed no significant intracranial aortic stenosis (A,B). MRV showed thrombosis of the left transverse sinus, sigmoid sinus, and jugular venous bulb (C,D) (arrows). MRA, magnetic resonance angiography; MRV, magnetic resonance venography.




Discussion

Goyal and colleagues summarized the clinical characteristics of 181 cases of CVST, most of which presented with the first and main clinical manifestations of headache. Other clinical symptoms of CVST included seizures, altered sensorium, focal neurological deficit, and vertigo (9). In the aforementioned study, no cases of RPD were mentioned. Even if the first symptom of the patient are slow response and memory decline, its progression was rapid. Here, we reported an RPD case with slow response and memory decline as the first symptom.

RPD is a group of RPD syndromes in which the decline in cognitive impairment to dementia is less than 2 years, or even months or weeks, and is partially reversible and treatable (10). RPD can be roughly categorized as primary or secondary. Primary RPD occurs in Creutzfeldt-Jakob disease (CJD), rapidly progressive types of other neurodegenerative dementias, encephalitis, and other diseases that typically cause severe neuronal damage in a relatively short period of time. Secondary rapid disease progression can occur in predominantly slowly progressive CNS diseases, such as Alzheimer’s disease with cerebrovascular disease or Lewy body pathology. There are many secondary factors in RPD, and the rate and reversibility of RPD progression vary widely among factors. RPD caused by a viral infection, immune deficiency, toxicity, and metabolic diseases progresses fastest but is more effective in treatment (11). Although this patient demonstrated remarkably rapid progression, this patient had no clinical manifestations of ataxia, myoclonus, or other involuntary movements, no cranial MRI with high signal in the basal ganglia and thalamus, and no EEG showing triphasic waves. Therefore, the diagnosis of CJD was not supported in this patient. Additionally, the CSF was negative for AE and paraneoplastic markers, which could further exclude AE and paraneoplastic encephalitis.

The etiology of the elevated intracranial pressure can be divided into idiopathic and secondary. Idiopathic intracranial hypertension (IIH) is a clinical syndrome of unknown etiology that presents with headache, optic papilledema, and other intracranial pressure elevations as the main manifestations (12). IIH mostly occurs in obese women of childbearing age, excluding patients with parenchymal brain lesions and venous sinus system disease (13, 14). Approximately 70% of patients with idiopathic cranial hypertension have a visual impairment, and some patients may experience progressive vision loss or even blindness (15, 16). Secondary intracranial hypertension usually refers to disorders of clear etiology such as occupying lesions, thrombotic disease, meningeal lesions, etc. (12, 17). Although lumbar puncture showed high CSF pressure, the patient had no clinical manifestations such as headache, vomiting, optic papilledema, and decreased visual acuity. Therefore, the diagnosis of IIH was also not supported. Finally, we performed MRV, which revealed thrombosis of the left transverse sinus, sigmoid sinus, and jugular venous bulb, with a possible diagnosis of CVST. This example emphasizes the challenges in detecting CVST because the diagnosis of CVST may have been delayed or prevented due to the unusual clinical characteristics. Diagnosing CVST can be extremely difficult because of the differences in clinical presentations and imaging findings. When the results of the cranial MRI and head CT are normal, CVST cannot be completely ruled out, necessitating further MRV screening. The cranial MRI and MRV examinations are simple to operate and can compensate for each other’s shortcomings. Combined cranial MRI and MRV examinations have been used as an effective tool for the clinical diagnosis and prognosis of CVST (18).

The imbalance between venous thrombosis and fibrinolytic mechanisms is the main pathophysiological mechanism of CVST. Any condition that causes a hypercoagulable state of blood, abnormal venous blood flow, and inflammatory response of the venous wall may lead to CVST. The etiology of CVST is multifactorial and diverse, mainly including infectious and non-infectious factors (19). The infectious factors of CVST mainly include meningitis, mastoiditis, otitis, sinusitis, and skin and gum infections. The main non-infectious factors include hereditary prothrombotic conditions (e.g., protein S deficiency, protein C deficiency, and antithrombin III deficiency), antiphospholipid antibody syndrome (APLS), autoimmune diseases (e.g., systemic lupus erythematosus, behçet’s disease, and vasculitis), malignancies, nephrotic syndrome, hematological diseases, and oral contraceptives. Nevertheless, the exact cause of the disease is still unknown in about 30% of CVST patients (20). Recently, many cases of COVID-19 infection causing intracranial venous sinus thrombosis have been reported (21–23). Endothelial dysfunction occurs during COVID-2019 infection, leading to platelet adhesion, leukocyte aggregation, complement activation, and cytokine release, which results in microvascular thrombosis (24). Malignancy can cause the blood to be in a hypercoagulable state, which may be the cause of CVST. Since there was no weight loss, loss of appetite, anemia, or weakness, and routine examinations such as blood counts, biochemical markers, and tumor indicators came back negative, malignancy appeared improbable. We observed that this CVST patient had a mild elevation of D-dimer on day 5 after admission, which seemed to better corroborate the diagnosis of CVST. A meta-analysis indicated that D-dimer may be a useful diagnostic tool in the management of patients with suspected CVST (25). Therefore, if a patient presents CVST-related clinical manifestations, risk factors, and elevated D-dimer we need to be highly suspicious of CVST and should aggressively improve cranial imaging to clarify the diagnosis. However, a negative D-dimer does not completely exclude CVST, and further cranial imaging is warranted.

We also found that the patient had been diagnosed with nephrotic syndrome (NS) 1 month prior to the onset of the disease, and although the patient’s family had described the disease was now cured. Furthermore, the patient was also not admitted for clinical manifestations associated with nephrotic syndromes, such as absence of massive proteinuria, hypoproteinemia, edema, and hyperlipidemia. Currently, there have been increasing reports of CVST in NS patients during treatment, and clinicians should be fully aware of this phenomenon (26–29). Recent studies have shown that hypercoagulability is one of the main pathogenic mechanisms for the development of CVST in patients (30, 31), and similarly, recent findings have shown that the blood of NS patients is in a hypercoagulable state (32). It is therefore hypothesized that the hypercoagulable state of blood in NS patients may be related to the occurrence of CVST. All reported risk factors for the hypercoagulable state in NS patients were summarized to draw the following conclusions (33, 34): (1) Hyperlipidemia: Increased synthesis of hepatic cholesterol, triglycerides, and lipoproteins in NS patients leads to hyperlipidemia and increased blood viscosity; (2) Hypoproteinemia: Decreased serum albumin results in systemic edema, fluid retention in the interstitial space, and insufficient effective blood volume, which leads to an increase in blood viscosity. In addition, because of the loss of protein, the liver compensates for the increase in protein synthesis, causing an imbalance in coagulation, anticoagulation, and fibrinolysis in the body; (3) Fibrinolytic system abnormalities: NS patients have a large amount of proteinuria, which reduces the protein content in the body and causes fibrinogen loss and hypoproteinemia, thus reducing the activity of the fibrinolytic system and further promoting a hypercoagulable state; (4) Increased fibrinogen: Higher fibrinogen can directly induce the aggregation of red blood cells and platelets, and increase blood viscosity, reducing blood flow, resulting in a hypercoagulable state of blood; (5) Thrombocytosis: NS patients have increased platelets and progressively reduced red blood cell deformability. In addition, the von Willebrand (vW) factor directs platelet aggregation to the vessel wall and increases platelet adhesion, and high platelet aggregation further aggravates the hypercoagulable state of the blood; (6) Iatrogenic factors: Patients with NS are hypovolemic due to massive diuretic use, which promotes thrombosis. Furthermore, NS patients receive long-term high-dose hormone therapy to treat primary disease, which can aggravate the hypercoagulable state of NS by stimulating platelet production, increasing the concentration of certain coagulation factors, aggravating the disorder of lipid metabolism, and decreasing fibrinolysis.

The patient’s symptoms improved significantly on day 5 of anticoagulation therapy with an MMSE score of 22 and a MoCA score of 18. Subsequently, the patients were prescribed oral anticoagulants (warfarin) to maintain INR between 2 and 3 for 6 months or longer depending on the underlying cause. The patient’s symptoms completely recovered 1 month after discharge, with an MMSE score of 28 and a MoCA score of 26. The treatment of CVST mainly consists of acute and long-term treatment, where the aim of the acute treatment is to prevent the progression of the thrombus and to recanalize the blocked sinus as much as possible, while the aim of the long-term treatment is to prevent the recurrence of the thrombus. Anticoagulation is the standard of care and the main therapy option for CVST patients throughout the acute period (35, 36). Anticoagulation therapy is effective in reducing the systemic hypercoagulability of CVST patients, reducing the spread and progression of thrombosis, and preventing the recurrence of CVST. Guidelines for CVST recommend that patients with CVST without contraindications to anticoagulation should be treated with anticoagulation as soon as possible, regardless of whether they have intracranial hemorrhage (36). Anticoagulants commonly administered to CVST patients in the acute phase included regular heparin and LMWH, with subcutaneous LMWH doses adjusted to patient weight being more effective and with a lower risk of bleeding than plain heparin (37). Patients with CVST should generally continue long-term treatment with oral anticoagulants, commonly warfarin, after the acute phase of anticoagulation; In principle, warfarin should be repeated with LMWH for 3–5 days, and LMWH should be discontinued after the maintenance of the INR between 2 and 3, and the warfarin dosage should be adjusted periodically to maintain the INR between 2 and 3 in accordance with the INR (5). However, the duration of oral anticoagulant therapy should be considered on the basis of individual genetic factors, triggers, recurrence, follow-up, and possible bleeding risk.

This patient had an excellent response to treatment. As a result, the patient’s extraordinarily good treatment success and full recovery from cognitive impairment constitute a significant strength of this study. Nevertheless, our study has several limitations. First, this is a case study of only one individual and therefore no broad conclusions or recommendations may be drawn. Second, although the patient’s MRV demonstrated thrombosis, the exact cause of the thrombosis was not found. Third, we did not conduct a second MRV examination to determine whether the high signal defect of blood flow in the implicated venous sinus was reevaluated.

In summary, the clinical heterogeneity of CVST increased the difficulty and complexity of our diagnosis. This case provides an excellent example of the utility of diagnostic imaging in the diagnosis of rare diseases such as CVST, which should be taken into account for differential diagnosis of RPD. This case study also provides new information for the diagnosis of CVST and the classification of the clinical characteristics.
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Idiopathic spontaneous intraperitoneal hemorrhage (ISIH) is a phenomenon caused by spontaneous rupture of intra-abdominal visceral vessels, and vascular malformations (VMs) leading to ISIH are rare in previously reported cases. VMs of the gastric wall, which are commonly located in the mucosa and submucosa, mostly lead to upper gastrointestinal bleeding rather than intraperitoneal hemorrhage. To our knowledge, this is the first report of ISIH caused by VMs in gastric muscularis. In the current case, a 22-year-old male patient presented with sudden abdominal pain for 4 h, accompanied by tachycardia and hypotension. CT revealed a hematoma in the omental bursa and fluids in abdominopelvic cavities. Then intraperitoneal hemorrhage was confirmed after abdominal paracentesis. Furthermore, ultrasonic gastroscopy indicated that vascular malformation in the muscularis of the stomach probably led to intraperitoneal hemorrhage. The patient recovered after conservative treatment based on fluid resuscitation and remained stable for 12 months of follow-up. This case suggests that VMs located in the gastrointestinal tract may lead to ISIH and ultrasonic gastroscopy is helpful in the diagnosis of VMs in the gastrointestinal tract.
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INTRODUCTION

Idiopathic spontaneous intraperitoneal hemorrhage (ISIH), which was once labeled abdominal apoplexy, is a rare and potentially fatal condition caused by a spontaneous tear of intraperitoneal visceral vessels (1, 2). The presentation varies from non-specific abdominal pain to hemodynamic instability depending on the location and severity of bleeding (3). Surgical exploration remains a major diagnostic and therapeutic modality (4). In previously reported cases, ISIHs were commonly caused by atherosclerosis, aneurysms, vasculitis, etc. (2, 4). ISIH caused by vascular malformations (VMs) is rarely seen (5). VMs are congenital anomalies that can affect each part of the vasculature (6). About 90% of gastrointestinal VMs occur in the small intestine, leading to gastrointestinal bleeding (7, 8). To our knowledge, this is the first case of ISIH due to VMs in the muscularis of the stomach, which has some guidance for the etiology, diagnosis, and treatment of ISIH.



CASE PRESENTATION

A 22-year-old Asian man was admitted with “severe mid-upper abdomen pain for 4 h.” He presented persistent, severe pain in the upper abdomen and pain radiating to the left shoulder, accompanied by dizziness, palpitations, amaurosis, and cold sweats. He did not receive any treatment before the admission and denied surgery, trauma, alcohol intake, strenuous exercise, and use of non-steroidal anti-inflammatory drugs before the onset. No family history of related illness was reported. On physical examination, he was noted to have tachycardia (heart rate: 106 beats per min) and hypotension (blood pressure: 81/50 mmHg). Mild abdominal distension, epigastric tenderness, and rebound pain were also noted during physical examination.

Initial laboratory evaluation revealed a white cell count (WBC) of 16.82 × 109/L, hemoglobin (HGB) of 15 g/dL, and hematocrit (HCT) of 46.3% (Table 1). Abdominal enhanced computed tomography (CT) showed a 10 × 5.2 cm2 hemoperitoneum in the gastro-pancreatic gap in addition to the massive hemoperitoneum around the spleen and in the rectovesical space, which was connected with the hemoperitoneum around the liver through the Winslow foramen (Figure 1A); and the size and density of each solid organ were normal. Subsequently, the patient underwent diagnostic abdominal paracentesis, which further confirmed that the intraperitoneal fluid was blood. Gastroscopy showed that the gastric mucosa was smooth, and no ulcer or bleeding spot was observed in the upper digestive tract (Figure 1B). Fluid resuscitation was conducted immediately after admission. Although blood routine tests revealed a downward trend of hemoglobin and hematocrit (HGB 13.1 g/dL, HCT of 37.8%), the patient’s condition tended to be stabilized (heart rate: 88 beats per min; blood pressure: 130/75 mmHg). Given the success of rehydration therapy and ambiguous source of hemorrhage, conservative medical treatment (Fluid resuscitation, Octreotide Acetate, Pantoprazole, etc.) was initially adopted. Meanwhile, the patient was under close observation, and emergency surgical exploration would be conducted if necessary.


TABLE 1. Labs during hospitalization.
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FIGURE 1. (A) Enhanced computed tomography (CT) of the abdomen. Red arrow showed a 10 × 5.2 cm2 high-density shadow in the gastro-pancreatic gap. (B) Gastroscopy showed that the gastric mucosa was smooth and had no ulcer or bleeding spot in the upper digestive tract.


To clarify the reason for the hemorrhage, enhanced magnetic resonance imaging (MRI) was performed, which revealed a hematoma in the gastro-pancreatic gap, without signs of space-occupying lesion and other indications about the source of bleeding (Figure 2A). Later, we performed endoscopic ultrasonography (EUS) on him. A mixed hypoechoic and anechoic lesion was seen between the pancreatic tail and the gastric wall, which was closely related to the peripheral blood vessels and was considered to be a hematoma combined with the previous imaging reports. Part of the muscularis propria was connected to the hematoma. In addition, Doppler ultrasonography showed that the blood flow signal was continuous between the muscularis propria and hematoma, which was considered as the vascular malformation in the muscularis of the stomach (Figure 2B). He was ultimately diagnosed with “intraperitoneal hemorrhage due to VMs in the muscularis of the stomach” based on the CT images and the EUS results, combined with the clinical manifestation. The patient was young and had fertility demands shortly. He was reluctant to accept CTA and interventional therapy due to the radiation dose of CTA and endovascular treatment. Also, considering that no obvious bleeding site was found on enhanced CT, we were concerned that the intervention would not be able to locate the lesion, so we did not conduct invasive treatment, such as endovascular management or surgery. The patient recovered gradually after conservative treatment without signs of continuous bleeding, and he was discharged after 4 days (the final laboratory data are shown in Table 1). We performed follow-ups for the patient at the hospital outpatient department at 6 months intervals. The follow-up after 1 year showed that the patient had no signs of recurrence (Figure 3). The timeline from emergency to follow-up is presented in Figure 3.
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FIGURE 2. (A) Enhanced magnetic resonance imaging (MRI) revealed no sign of space-occupying lesion. Red arrow showed a hematoma in the gastro-pancreatic gap. (B) Endoscopic ultrasonography (EUS) illustrated the vascular malformation in the muscularis of the stomach. Blue arrow showed a hypoechoic shadow. Red arrow showed a 1.3-mm diameter blood flow signal was continuous between the muscularis propria and the hypoechoic shadow.
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FIGURE 3. Timeline from emergency to follow-up.




DISCUSSION

Idiopathic spontaneous intraperitoneal hemorrhage (ISIH), originally known as abdominal apoplexy, is used to describe atypical and non-traumatic spontaneous intraperitoneal or retroperitoneal bleeding, excluding typical intraperitoneal bleeding caused by ectopic pregnancy, malignant tumor, aortic aneurysm or dissection, visceral rupture, trauma, and iatrogenic injury (9, 10). Abdominal aneurysm is the main reason of ISIH, of which splenic aneurysm is the most common (60%) and the gastric and gastroepiploic aneurysms are responsible for only 3% (2). The rupture of a splenic aneurysm is mostly caused by the erosion of the vessel wall owing to pancreatic enzymes released in pancreatitis (in about 50% of cases) and results in over 90% mortality (11). Besides abdominal aneurysms, atherosclerosis is considered to be another important cause of ISIH. The presumed mechanism is the weakness of the tunica media in the injured vessel, which ruptures when blood pressure suddenly rises (2). As described in the report, a patient was presented to our hospital with sudden, non-specific abdominal pain and, was finally diagnosed with ISIH caused by VMs in gastric muscularis mainly relying on EUS.

VMs are diseases with unpredictable clinical evolution and manifestations, which lead to life-threatening conditions in severe cases (12). The splenic artery is the most common vessel responsible for ISIH, while the gastric or gastroepiploic artery accounts for only 4% (13). The VMs of the gastric wall generally occur in the gastric mucosa and submucosa, so it usually causes intragastric hemorrhage (14–16). We checked the relevant literature and found that this is the first case of a vessel in the muscularis of the stomach inducing intraperitoneal bleeding, which suggests that the blood vessels of the gastric serosal surface, and even the entire stomach wall, should be considered when looking for the bleeding sites of ISIH.

According to the available literature, optimal diagnostic and therapeutic evidence of ISIH remain controversial (12). CT angiography (CTA) or digital subtraction angiography (DSA) is considered to be a primary tool for diagnosing ISIH, localizing the bleeding vessel if the hemodynamic and clinical status of patients enables it (3, 17). The non-invasiveness and short acquisition time of CTA give it more advantages for acute bleeding and a higher priority than DSA (18, 19). However, some literature points out that CTA may have false-negative results which can occur if the bleeding is not obvious at the time of the scan due to the short acquisition time (19–21). Considering that the patient had no indication of active bleeding, and it was difficult to locate the culprit vessel using CTA, we did not perform CTA in this case. EUS can provide real-time images of the gastrointestinal wall and blood vessels of adjacent tissues and has been applied to diagnostic interventions (22, 23). VMs can appear as a persistent blood flow signal in the parietal layer of the gastrointestinal tract under EUS guidance (24).

Surgery and embolization are methods for the treatment of VMs. Endovascular embolization is less invasive and recommended in most cases (9). However, it is difficult to locate culprit vessels in cases without active bleeding, so endovascular embolization was not selected in this case. Exploratory surgery is usually employed when CTA cannot be performed or failed to identify the culprit vessel (17). Exploratory laparotomy or laparoscopic exploration can detect the bleeding site, achieve initial hemostasis (25), and take tissue for pathological diagnosis. However, nearly 40% of operations failed in finding the bleeding site of the patient (9, 26). Therefore, due to the lack of continuous bleeding, we did not surgically explore and treat the patient. For younger patients without immediate surgical management, we suggest close attention and a conservative administration, including somatostatin or somatostatin analogs (such as octreotide), which have been concluded as an effective therapy for hemorrhage of gastrointestinal VMs (27, 28). However, for patients with decompensated or life-threatening conditions, we recommend emergency surgery; for patients with recurrent bleeding, surgery may be also finally required (29).

The limitations of our study include the lack of objectivity of imaging and the ambiguous assessment of therapeutic effect. Different from CT or MRI, EUS is operator dependent, and the analysis of the images is subjective. There is a risk of recurrence because the patient did not receive surgical treatment and EUS revealed that VMs still existed, though he is currently in stable condition. The length of follow-up time is not sufficient to accurately evaluate the effect of conservative treatment up to now.



CONCLUSION

For patients with spontaneous intraperitoneal hemorrhage, particularly ISIH, VM rupture should be considered when the disease cannot be identified after excluding the common causes. VMs in the gastric wall may lead to intraperitoneal hemorrhage in addition to intragastric bleeding. If it is speculated that the vascular malformation is located in the gastric wall, EUS may be a new alternative diagnostic approach for CTA. Due to the lack of evidence, it is difficult to standardize the treatment of such patients. Conservative treatment can be chosen temporarily for patients without immediate surgery or indication of embolism.
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Internal jugular agenesis is a vascular malformation that is often associated with a history of recurrent headache. Due to the resulting abnormalities in intracranial venous drainage, it may be complicated by neurological dysfunction, such as intracranial hypertension, intracranial micro-thromboses, and neurodegenerative diseases such as multiple sclerosis. The simultaneous presence of jugular vein agenesis and thrombosis is possible in cases of acute illness, hormonal treatment, pregnancy, hypomobility, or venous drainage abnormalities (VDA) (e.g., May-Thurner syndrome). In particular, the literature still lacks data on thromboprophylaxis in pregnant women with jugular vein agenesis. Here, we report a positive experience with prophylaxis using enoxaparin during pregnancy in a patient with internal jugular agenesis.
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Introduction

The internal jugular vein is crucial for the drainage of intracranial veins (1). The literature contains numerous reports of venous drainage abnormalities (1–3), each of which is associated with the possibility of increased intracranial venous pressure and, thus, with relevant symptoms and signs such as headache, intracranial micro-thrombosis, intracranial hypertension, and seizures, as well as with neurodegenerative diseases (e.g., multiple sclerosis).

The presence of venous malformations, such as May-Thurner syndrome, internal jugular agenesis, or other types of vascular malformation associated with prothrombotic conditions such as pregnancy, may increase the risk of venous thrombosis. However, data concerning the association of venous malformation with venous thrombosis in pregnancy are lacking in the literature.

We may postulate that internal jugular vein agenesis may be associated with an increased risk of developing venous thromboembolism (VTE) in the context of additional prothrombotic risk factors such as pregnancy. An association between venous malformation and venous thrombosis in the presence of other prothrombotic conditions such as those reported above has, in fact, already been found in May-Thurner syndrome and vena cava agenesis (4, 5).

Here, we report an intriguing case of internal jugular vein agenesis in a pregnant young woman with a history of recurrent headache who underwent successful thromboprophylaxis treatment throughout her pregnancy.



Case history

A 30-year-old pregnant woman was admitted to the outpatient clinic for thrombotic disorders at the Hospital Rizzoli in Lacco Ameno, Italy, due to an abnormal varicose vein located in her neck and a history of recurrent first-trimester miscarriage. During clinical evaluation, she specified that she was pregnant at week 8 (i.e., was experiencing pregnancy-induced amenorrhea). She was taking 200 mg of progesterone twice daily for miscarriage prevention (6), 15 mg calcium folinate, and 100 mg of aspirin because she was homozygous for MTHFR c677t (7). The patient's laboratory data are summarized in Table 1.


TABLE 1 Laboratory findings of reported patient.

[image: Table 1]

A differential diagnosis was made because of a positive history of recurrent miscarriage (Table 2) (8). Mild thrombophilia due to the predisposition to develop hyperhomocysteinemia (caused by the MTHFR 677 TT genotype) was the only detectable risk factor for recurrent miscarriage (defined as three spontaneous abortions during the first trimester of pregnancy without a detectable cause).


TABLE 2 Differential diagnosis performed by the patient for recurrent miscarriages.

[image: Table 2]

An elicitation of personal history to evaluate the presence of the unusual varicose vein did not reveal any previous surgical approaches, trauma to the neck, or the recent positioning of venous lines that could explain its development. Furthermore, no acute or chronic medical illness or acute infection was detected. For this reason, the probability of detecting an internal jugular vein thrombosis was considered low, and pharmacological antiplatelet treatment with 100 mg daily aspirin was confirmed.

The patient underwent a blood count and homocysteine check every month, as well as obstetric follow-up to prevent intrauterine growth retardation (IUGR).

However, 3 weeks after the first clinical evaluation, the patient was referred for an increase in the volume of the varicose vein in the neck, associated with cough (Figure 1). An color Doppler ultrasound examination was then scheduled and performed after a few hours.


[image: Figure 1]
FIGURE 1
 Collateral variceal venous circulation of the neck due to the presence of internal jugular agenesis.


The ultrasound scan revealed an enlarged left internal jugular vein with a large collateral venous circle involving the superior thyroidal vein, ipsilateral external jugular vein, and vertebral vein; on the right side, only the vertebral vein was visible, and it appeared to be of increased size. Therefore, the hypothesis of hypoplasia or agenesis of the right internal jugular vein was suggested. The blood flow in those veins was regular, and there was no ultrasonographic evidence of other vascular diseases. An MRI of the head and neck confirmed the hypothesis of venous agenesis (Figure 2).


[image: Figure 2]
FIGURE 2
 Magnetic resonance imaging with evidence of internal jugular agenesis.


Given the risk of jugular vein thrombosis, the use of a different method of thromboprophylaxis was considered. No guidelines are available in the literature, in fact, to suggest the proper approach in this clinical context, even though an increased thrombotic risk during pregnancy has been found for other venous malformations, such as May-Thurner syndrome and vena cava agenesis (4, 5). Our patient had several contemporaneous (if mild) thrombotic risk factors: a history of recurrent miscarriage, ongoing pregnancy and the associated hormonal treatment (although progesterone is less prothrombotic than other hormonal treatments), and venous malformation. For this reason, we stopped the administration of aspirin and we suggested starting a pharmacologic thromboprophylaxis with enoxaparin 40 mg daily until childbirth, to prevent the onset of venous thrombosis and also to prevent possible miscarriage.

Given the patient's atypical condition, periodic clinical and instrumental monitoring was planned, consisting of a monthly ultrasound of the veins of the leg and neck and an obstetric ultrasound to monitor uterine vascular pressure and gestational growth. Blood cell count, fibrinogen, prothrombin time, and activated partial thromboplastin time were also evaluated monthly (coagulation parameters and platelet count are often monitored during long-term prophylaxis with enoxaparin, particularly for pregnant women or patients with kidney failure, because of the modification of the half-life of low-molecular-weight heparin in these contexts).

No vascular complications were detected during the remainder of the pregnancy. The patient delivered a live-birth baby (weighing 3.0 kg) via cesarean section. Enoxaparin was prolonged for 4 weeks after delivery because of the surgical approach; the patient was then dismissed from our practice, having experienced no complications.

Written informed consent was obtained from the patient to describe her clinical picture.



Discussion

Venous drainage abnormality is a silent condition that is not life-threatening for the patient. From a hemodynamic point of view, it is associated with low-flow and low-resistance veins, and it therefore confers a low risk of complications such as rupture or microthrombosis (9). With the increased use of MRI, microthromboses are more frequently being diagnosed (10, 11), as is reflected in the literature (12–14). However, when these abnormalities are associated with other prothrombotic conditions such as hormone intake, pregnancy, and acute medical illness, the potential risk for thrombotic complications in the cerebral vessels increases, as was recently demonstrated by the association between cerebral venous thrombosis and anti–SARS-CoV-2 vaccines (15, 16). At these sites, where the veins take a narrower and less linear course, conditions for the formation of venous thrombosis are more favorable. Nevertheless, after cerebral venous thrombosis, the hypothesis of an undiagnosed occult venous drainage abnormality (17) is frequently considered.

Prophylactic strategies to prevent venous thrombosis in the setting of venous malformation have been inconsistently explored in clinical practice and in the literature; prophylactic strategies to prevent thrombosis in cases of internal jugular vein hypoplasia or agenesis are even more limited. In our case, the venous drainage abnormality resulted from the absence of the right jugular vein, which hemodynamically favored increased inflow into the contralateral. This is even more interesting in the context of our patient, who possessed numerous mild risk factors for venous thromboembolism, such as pregnancy, obstetrical history of recurrent miscarriage, and hormone treatment. We therefore deduced an urgent need for thromboprophylaxis treatment, even though there were no precise guidelines or recommendations for a special case such as this one. We know, however, that pregnancy is a condition with a specific thromboembolic risk (18), and for this reason, there are special guidelines for the prevention, diagnosis, and treatment of venous thromboembolism in pregnancy (19, 20). Deep venous thrombosis (DVT) during pregnancy is associated with high mortality, morbidity, and health care costs (21). In particular, the last trimester of pregnancy seems to be the most dangerous in that it carries the highest risk of thrombosis, especially sinus thrombosis (22). During pregnancy, all three components of Virchow's triad are strongly represented: venous stasis, hypercoagulability, and endothelial dysfunction. Furthermore, increased uterine size results in slowed venous flow and blood stasis. This in turn also promotes endothelial damage. For this reason, after 30 weeks of gestation, there is a reduction in flow velocity, favoring the onset of deep venous thrombosis in the lower extremities and pelvis (23). Moreover, pregnancy-induced hypercoagulability, with its increased levels of coagulation factors II, VII, VIII, and X, as well as decreased levels of proteins S and C, contributes to thrombotic risk in addition to any pre-existing inherited predisposition to thrombosis (24).

Low-molecular-weight heparin is most commonly recommended for the prevention of venous thromboembolism in pregnancy (19). In contrast, there is no indication for direct oral anticoagulant therapy (20) during the gestational months, while low-dose aspirin prophylaxis (81 mg/day) is recommended only for women at high risk of pre-eclampsia and should be initiated between 12 and 28 weeks of gestation (25).



Conclusions

We reported a singular case of a pregnant woman with a rare vascular malformation, mild thrombophilia, and a risk of developing venous thrombosis. This anatomical venous malformation is only rarely described in case reports, and has not yet featured in randomized clinical trials. Because the patient was at risk of developing thrombotic complications, such as miscarriage or venous thrombosis, due to her medical history, we performed a thorough clinical evaluation of all clinical conditions and risk factors that may favor the adoption of a prolonged pharmacological thromboprophylaxis. As we await larger clinical trials to confirm the validity of this method, we hope that our precautional medical approach can be of use in similar cases.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



Author contributions

PD wrote the draft. EI reviewed the draft. DC and LO took clinical information. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Mumtaz S, Singh M. Surgical review of the anatomical variations of the internal jugular vein: an update for head and neck surgeons. Ann R Coll Surg Engl. (2019) 101:2–6. doi: 10.1308/rcsann.2018.0185

 2. Müller HR. Ultrasonic imaging of the internal jugular vein. J Neuroimaging. (1991) 1:74–8. doi: 10.1111/jon19911274

 3. Lv X, Wu Z. Anatomic variations of internal jugular vein, inferior petrosal sinus and its confluence pattern: Implications in inferior petrosal sinus catheterization. Interv Neuroradiol. (2015) 21:769–73. doi: 10.1177/1753425915590067

 4. Harbin MM, Lutsey PL. May-Thurner syndrome: History of understanding and need for defining population prevalence. J Thromb Haemost. (2020) 18:534–42. doi: 10.1111/jth.14707

 5. Tufano A, López-Jiménez L, Bikdeli B, García-Bragado F, Mazzolai L, Amitrano M, et al. Inferior vena cava agenesis in patients with lower limb deep vein thrombosis in the RIETE registry When and why to suspect. Int J Cardiol. (2020) 305:115–9. doi: 10.1016/j.ijcard.2020.01.013

 6. Wise J. NICE recommends progesterone to prevent early miscarriage. BMJ. (2021) 375:n2896. doi: 10.1136/bmj.n2896

 7. Zhao X, Zhao Y, Ping Y, Chen L, Feng X. Association between gene polymorphism of folate metabolism and recurrent spontaneous abortion in Asia: A Meta-analysis. Medicine (Baltimore). (2020) 99:e21962. doi: 10.1097/MD.0000000000021962

 8. Recurrent Pregnancy Loss. ESHRE Early Pregnancy Guideline Development Group. Version 2. Recurrent pregnancy loss (eshre.eu). (2017). 

 9. Lasjaunias P, Burrows P, Planet C. Developmental venous anomalies (DVA): the so-called venous angioma. Neurosurg Rev. (1986) 9:233–42. doi: 10.1007/BF01743138

 10. Field LR, Russell EJ. Spontaneous hemorrhage from a cerebral venous malformation related to thrombosis of the central draining vein: demonstration with angiography and serial MR. AJNR Am J Neuroradiol. (1995) 16:1885–8.

 11. Agarwal A, Kanekar S, Kalapos P, Vijay K. Spontaneous thrombosis of developmental venous anomaly (DVA) with venous infarct and acute cerebellar ataxia. Emerg Radiol. (2014) 21:427–30. doi: 10.1007/s10140-014-1216-2

 12. Entezami P, Boulos A, Yamamoto J, Adamo M. Paediatric presentation of intracranial haemorrhage due to thrombosis of a developmental venous anomaly. BMJ Case Rep. (2019) 12:227362. doi: 10.1136/bcr-2018-227362

 13. Kiroglu Y, Oran I, Dalbasti T, Karabulut N, Calli C. Thrombosis of a drainage vein in developmental venous anomaly (DVA) leading venous infarction: a case report and review of the literature. J Neuroimaging. (2011) 21:197–201. doi: 10.1111/j.1552-6569.2009.00399.x

 14. Amuluru K, Al-Mufti F, Hannaford S, Singh IP, Prestigiacomo CJ, Gandhi CD. Symptomatic Infratentorial Thrombosed Developmental Venous Anomaly: Case Report and Review of the Literature. Interv Neurol. (2016) 4:130–7. doi: 10.1159/000444028

 15. Schultz NH, Sørvoll IH, Michelsen AE, Munthe LA, Lund-Johansen F, Ahlen MT, et al. Thrombosis and Thrombocytopenia after ChAdOx1 nCoV-19 Vaccination. N Engl J Med. (2021) 384:2124–30. doi: 10.1056/NEJMoa2104882

 16. Chevassut T, Hunt BJ, Pavord S. VITT COVID-19 and the Expert Haematology Panel: The story of how the UK responded to emerging cases of vaccine-induced immune thrombocytopenia and thrombosis during the vaccination programme. Clin Med (Lond). (2021) 21:e600–2. doi: 10.7861/clinmed.2021-0488

 17. Chang SJ, Rebchuk AD, Teal P, Honey CR, Field TS. COVID-19-Associated Cerebral Developmental Venous Anomaly Thrombosis With Hemorrhagic Transformation. Stroke. (2022) 53:e255–6. doi: 10.1161/STROKEAHA.122.039534

 18. McLEAN KC, James AH. Diagnosis and Management of VTE in Pregnancy. Clin Obstet Gynecol. (2018) 61:206–218. doi: 10.1097/GRF.0000000000000354

 19. Bates SM, Greer IA, Middeldorp S, Veenstra DL, Prabulos AM, Vandvik PO. VTE, thrombophilia, antithrombotic therapy, and pregnancy: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. (2012) 141:e691S–e736S. doi: 10.1378/chest.11-2300

 20. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola VP, et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in collaboration with the European Respiratory Society (ERS). Eur Heart J. (2020) 41:543–603. doi: 10.1093/eurheartj/ehz405

 21. Devis P, Knuttinen MG. Deep venous thrombosis in pregnancy: incidence, pathogenesis and endovascular management. Cardiovasc Diagn Ther. (2017) 7:S309–19. doi: 10.21037/cdt.2017.10.08

 22. Cantú C, Barinagarrementeria F. Cerebral venous thrombosis associated with pregnancy and puerperium. Review of 67 cases. Stroke. (1993) 24:1880–4. doi: 10.1161/01.STR.24.12.1880

 23. Kujovich JL. Hormones and pregnancy: thromboembolic risks for women. Br J Haematol. (2004) 126:443–54. doi: 10.1111/j.1365-2141.2004.05041.x

 24. Kovac MK, Lalic-Cosic SZ, Dmitrovic JM, Djordjevic VJ, Radojkovic DP. Thrombin generation, D-dimer and protein S in uncomplicated pregnancy. Clin Chem Lab Med. (2015) 53:1975–9. doi: 10.1515/cclm-2014-1030

 25. ACOG Committee Opinion No. 743: Low-dose aspirin use during pregnancy. Obstet Gynecol. (2018) 132:e44–e52. doi: 10.1097/AOG.0000000000002708













	 
	

	TYPE Original Research
PUBLISHED 25 November 2022
DOI 10.3389/fmed.2022.991376





Predictors of use of direct oral anticoagulants in patients with venous thromboembolism: Findings from the Registro Informatizado Enfermedad Tromboembólica registry
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Background: Current guidelines recommend the use of direct oral anticoagulants (DOACs) for patients with venous thromboembolism (VTE). However little is known about the use of DOACs in daily practice.

Methods: We used the RIETE registry to identify predictors of use of DOACs for initial and/or long-term therapy of VTE based on patient-related factors, institution-related factors or over time.

Results: Among 41,678 patients from March 2013 to September 2021, 12,286 (29%) used DOACs: for initial therapy 6,456; for long-term therapy 12,046. On multivariable analysis, independent predictors were: age < 65 years (odds ratio [OR]: 1.30; 95% CI: 1.23–1.38), body weight <50 kg (OR: 0.54; 95% CI: 0.45–0.65) or >120 kg (OR: 0.64; 95% CI: 0.53–0.77), initial VTE presentation as pulmonary embolism (OR: 1.18; 95% CI: 1.13–1.25), recent bleeding (OR: 0.53; 95% CI: 0.45–0.63), renal insufficiency (OR: 0.44; 95% CI: 0.38–0.51), liver cirrhosis (OR: 0.32; 95% CI: 0.20–0.52), thrombocytopenia (OR: 0.40; 95% CI: 0.34–0.49), atrial fibrillation (OR: 1.58; 95% CI: 1.42–1.75) and prior VTE (OR: 1.14; 95% CI: 1.06–1.22). The DOACs were more likely used in other European countries (OR: 8.97; 95% CI: 8.49–9.49), America (OR: 6.35; 95% CI: 5.67–7.11) or in other countries of the world (OR: 2.99; 95% CI: 2.70–3.31) than in Spain, and progressively increased from 2013–2015 to 2016–2018 (OR: 2.78; 95% CI: 2.62–2.95) and 2019–2021 (OR: 6.36; 95% CI: 5.95–6.80).

Conclusion: In this large multinational VTE registry, variations were observed in the use of DOACs according to patient or country factors, and over time. The safety, costs, and influence of the DOACs on VTE-related outcomes in daily practice warrant further investigation.

KEYWORDS
venous thromboembolism, direct oral anticoagulants, anticoagulant therapy, predictors, RIETE, different countries


Introduction

Current guidelines of anticoagulant therapy recommend the use of direct oral anticoagulants (DOACs) for initial and long-term therapy of patients with venous thromboembolism (VTE) (1, 2). The risk reduction of recurrent VTE with DOACs is similar to the risk reduction with low-molecular-weight heparin (LMWH) and vitamin K antagonists (VKAs), while the risk of bleeding is less with DOACs than with standard therapy (3). However, the use of DOACs has not completely replaced the use of standard therapy. There are patient-related factors, and also institutional or logistical reasons that may limit the use of DOACs in daily practice. Patient-related factors include older age, extreme body weights (where there may be doubts about the optimal dose) or concomitant diseases (where there may be concern about the risk of bleeding) (4–12). In addition, resource availability may also drive the choice of therapies. A better knowledge of the reasons why physicians prescribe the use of DOACs for the initial and/or long-term therapy of VTE could lead to design randomized trials for subgroups of patients where its use is lower than expected (to reassure on the efficacy and safety of DOACs) or higher than expected (to avoid undesirable outcomes).

The RIETE (Registro Informatizado Enfermedad TromboEmbólica) registry is an international, ongoing registry of consecutive patients with symptomatic, objectively confirmed, acute VTE (ClinicalTrials.gov identifier: NCT02832245). Since its inception in 2001, data from this registry have been used to evaluate outcomes after acute VTE, such as the frequency of recurrent VTE, bleeding and mortality, and risk factors for these outcomes (13). In the current study, we aimed to determine the potential variations in the use of DOACs in patients with confirmed VTE, based on patient-related factors, institution-related factors, and over time.



Patients and methods


Inclusion criteria

Consecutive patients with acute deep vein thrombosis (DVT) or pulmonary embolism (PE) confirmed by objective tests (compression ultrasonography for suspected DVT; helical CT-scan, ventilation-perfusion lung scintigraphy or conventional angiography for suspected PE) were enrolled in RIETE. Patients were excluded if they were currently participating in a therapeutic clinical trial with a blinded therapy. All patients (or their legal power of attorney) provided written or oral consent for participation in the registry, in accordance with local ethics committee requirements.



Study design

Data were collected from March 2013 (corresponding to the time when the prescription of DOACs was allowed) to July 2021. The primary goal of this study was to determine the potential variations in the use of DOACs in patients with symptomatic, objectively confirmed VTE, based on patient-related factors, or institution-related factors. As such, the main outcome was the proportion of patients using DOACs vs. those using other anticoagulant drugs. Secondary outcomes were the proportion of patients using each DOAC (vs. the other DOACs), and the proportion of patients using lower-than recommended doses of DOACs. Recommended dosing was defined as dosing consistent with FDA-labeled dosing for treatment of VTE as of September 2021.

Patient-related factors explored in this study included demographics (sex, age, body weight), initial VTE presentation (PE with or without concomitant DVT vs. isolated DVT), concomitant diseases that could contraindicate the use of DOACs [including recent (<30 days before) major bleeding, biopsy-proven liver cirrhosis, creatinine clearance (CrCl) levels <30 mL/min and platelet count <100,000/μLat baseline], and concomitant disorders that could lead to prolong the duration of anticoagulant therapy (prior VTE and atrial fibrillation). We also evaluated the proportion of fragile patients that used DOACs (fragile patients defined as those aged ≥75 years, with CrCl levels ≤50 mL/min or body weight ≤50 kg) (14). Institutional factors assessed in the current study included the country of enrolment. Further, we explored the trends in the use of DOACs over the study years.



Treatment

Patients were managed according to the clinical practice of each participating hospital (i.e., there was no standardization of treatment). The decision on the type and duration of therapy was left to the attending physicians. Patients were followed-up for at least 3 months in the outpatient clinic or physician’s office.



Statistical analysis

Categorical variables were compared using the chi-square test (two-sided) and Fisher’s Exact Test (two-sided). Continuous variables were compared using Student t test. To identify predictors of prescription of drugs we used logistic regression analyses. All the analyses were adjusted for sex, age (65 years; 65–79; >79 years), body weight (<50 kg; 50–120; >120 kg), initial VTE presentation (symptomatic PE; isolated DVT), recent major bleeding, liver cirrhosis, CrCl levels at baseline <30 mL/min, platelet count <100,000/μL, atrial fibrillation, prior VTE, the country where the VTE was diagnosed (Spain; other European countries; America; rest of the world) and years of VTE diagnosis (2013–2015; 2016–2018; 2019–2021). Odds ratios (OR) and corresponding 95% confidence intervals (CI) were calculated, and a p value < 0.05 was considered to be statistically significant. Statistical analyses were conducted with SPSS for Windows Release 25.0 (SPSS, Inc.).



Role of the funding source

The sponsors of the RIETE registry (Sanofi, Leo Pharma and Rovi) had no role in study design, data collection, data analysis, data interpretation or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.




Results

Among 41,678 patients with VTE recruited from January 2013 to September 2021 in RIETE, 12,286 (29%) used DOACs: 6,456 for initial therapy and 12,046 for long-term therapy. Among the 41,678 patients, 20,896 (50%) were men; mean age was 65 ± 17 years; 23,458 (56%) initially presented with PE; 970 (2.3%) had recent major bleeding; CrCl levels <30 mL/min 2,097 (5.0%); liver cirrhosis 209 (0.5%); platelet count < 100,000/μL 1,055 (2.5%); atrial fibrillation 2,361 (5.7%) and prior VTE 5,818 (14%). In total, 16,767 patients (40%) were fragile.

Most patients (65%) were attended in Spanish centers, 25% in other European countries, 3.7% in America and 6.0% in the rest of the world (Table 1). For initial therapy, 5,141 patients (12%) used rivaroxaban and 1,315 (3.2%) apixaban. For long-term therapy, 6,631 patients (16%) used rivaroxaban, apixaban 3,548 (8.5%), edoxaban 1,473 (3.5%), and dabigatran 394 (0.9%). The proportion of patients using DOACs progressively increased over time (Figure 1).


TABLE 1    Prescription of DOACs over time in different countries.
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FIGURE 1
Cumulative rates of patients receiving DOACs for initial and/or long-term therapy of VTE over time.



Predictors of use of direct oral anticoagulants vs. other drugs

Overall, 12,286 patients (29%) used DOACs for initial and/or for the long-term therapy of VTE. The proportion of patients using DOACs was highest among those aged <65 years (33%), with atrial fibrillation (33%) or prior VTE (34%), and lowest in patients with CrCl levels < 30 mL/min (15%), liver cirrhosis (11%) or thrombocytopenia (16%) (Table 2) The use of DOACs was lowest in Spain (17%) and highest in other European countries (59%) or America (50%), and progressively increased over time: from 17% in 2013–2015 to 47% in 2019–2021. Among 12,286 patients using DOACs, 2,154 (18%) used lower-than recommended doses. The subgroups of patients that were more likely to use lower-than recommended doses of DOACs were: patients aged >79 years (30%), with CrCl levels <30 mL/min (44%) or with atrial fibrillation (30%). Only 4,105 of the 17,767 fragile patients with VTE (24%) used DOACs: 25% at lower than recommended doses.


TABLE 2    Univariable and multivariable analyses for predictors of use of DOACs vs. other drugs.
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On multivariable analysis, independent predictors for the use of DOACs (vs. other anticoagulants) were: age <65 years (OR: 1.30; 95% CI: 1.23–1.38) body weight <50 kg (OR: 0.54; 95% CI: 0.45–0.65) or > 120 kg (OR: 0.64; 95% CI: 0.53–0.77) initial VTE presentation as PE (OR: 1.18; 95% CI: 1.13–1.25) recent bleeding (OR: 0.53; 95% CI: 0.45–0.63) CrCl levels <30 mL/min (OR: 0.44; 95% CI: 0.38–0.51) liver cirrhosis (OR: 0.32; 95% CI: 0.20–0.52) platelet count <100,000/μL (OR: 0.40; 95% CI: 0.34–0.49) atrial fibrillation (OR: 1.58; 95% CI: 1.42–1.75) and prior VTE (OR: 1.14; 95% CI: 1.06–1.22) (Table 3) The use of DOACs was more likely in other European countries (OR: 8.97; 95% CI: 8.49–9.49) America (OR: 6.35; 95% CI: 5.67–7.11) or in the rest of the world (OR: 2.99; 95% CI: 2.70–3.31) than in Spain, and progressively increased from 2013–2015 to 2016–2018 (OR: 2.78; 95% CI: 2.62–2.95) and 2019–2021 (OR: 6.36; 95% CI: 5.95–6.80).


TABLE 3    Multivariable analyses for predictors of use of every DOAC (vs. the rest of DOACs).
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Predictors of use of one direct oral anticoagulant vs. the rest of direct oral anticoagulants

Among patients using DOACs, rivaroxaban was more likely used in men (OR: 1.26; 95% CI: 1.18–1.36) in patients aged <65 years (OR: 1.51; 95% CI: 1.39–1.63) weighing > 120 kg (OR: 1.61; 95% CI: 1.21–2.15) or with prior VTE (OR: 1.23; 95% CI: 1.12–1.36) (Table 4). Apixaban was the preferred DOAC among patients >79 years (OR: 1.59; 95% CI: 1.43–1.76) in those initially presenting with PE (OR: 1.17; 95% CI: 1.08–1.27) with recent bleeding (OR: 1.80; 95% CI: 1.37–2.35) renal insufficiency (OR: 1.89; 95% CI: 1.51–2.38) atrial fibrillation (OR: 1.62; 95% CI: 1.39–1.88) or in fragile patients (OR: 1.79; 95% CI: 1.65–1.94) Edoxaban was much more likely used in Spain than in other countries.


TABLE 4    Univariable analyses for predictors of use of each DOAC vs. the rest of DOACs.
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Independent predictors for the use of rivaroxaban (vs. other DOACs) were: male gender (OR: 1.20; 95% CI: 1.10–1.30), age <65 years (OR: 1.47; 95% CI: 1.34–1.61) initial presentation as PE (OR: 1.16; 95% CI: 1.07–1.26) and VTE diagnosis in non-Spanish European countries (OR: 2.17; 95% CI: 1.99–2.36) America (OR: 2.80; 95% CI: 2.32–3.37) or in other countries (OR: 2.67; 95% CI: 2.24–3.18) Rivaroxaban was less prescribed for >79 years (OR: 0.70; 95% CI: 0.62–0.78) recent bleeding (OR: 0.58; 95% CI: 0.43–0.79) and atrial fibrillation (OR: 0.72; 95% CI: 0.61–0.85) (Table 4) Independent predictors for the use of apixaban were: male gender (OR: 0.88; 95% CI: 0.81–0.95) >79 years (OR: 1.46; 95% CI: 1.30–1.64) recent major bleeding (OR: 1.77; 95% CI: 1.33–2.36) atrial fibrillation (OR: 1.22; 95% CI: 1.04–1.44) Apixaban was less used in age <65 years (OR: 0.72; 95% CI: 0.65–0.79) and VTE diagnosis in non-Spanish European countries (OR: 0.67; 95% CI: 0.61–0.73) or in America (OR: 0.82; 95% CI: 0.68–0.98) Independent predictors for the use of edoxaban were: body weight >120 kg (OR: 0.53; 95% CI: 0.29–0.97) initial VTE presentation as PE (OR: 0.64; 95% CI: 0.57–0.72) liver cirrhosis (OR: 3.86; 95% CI: 1.21–12.3) prior VTE (OR: 0.80; 95% CI: 0.67–0.95) and being diagnosed in Spain. Interestingly, the use of rivaroxaban (comparatively with the other two DOACs) progressively decreased over time.




Discussion

Our findings, obtained from a large cohort of patients with acute VTE in up to 30 countries over the world, reveal large variations in the use of DOACs according to patient factors, institutional factors and also over time. As it could have been expected, the DOACs were more likely used in young patients, those with normal body weight and with no exclusion criteria to be enrolled in the pivotal trials where their indication was based (i.e., recent bleeding, renal insufficiency, liver cirrhosis or thrombocytopenia) Studies about patients preferences usually report more satisfied patients with DOAC than VKA drugs (15, 16) but it seems it is not a reason from prescription in some countries as Spain. Also, its use was much lower in Spain (where the DOACs are not reimbursed) and progressively increased over time. However, there were surprising findings in some subgroups of patients. For example, while the use of DOACs was lower than expected in the subgroups of patients where they had demonstrated to be superior to standard therapy, they were not infrequently used in patients with contraindications to their use.

Subgroup analyses from randomized trials revealed that the DOACs had advantages over standard anticoagulation in fragile patients with VTE. In the EINSTEIN trials, the risk for major bleeding in fragile patients using rivaroxaban was significantly lower than in those on standard therapy (17–19). This difference was not found in non-fragile patients. In the HOKUSAI trial, fragile patients using edoxaban had a significantly higher efficacy than those on VKAs (19). The superiority of the DOACs over standard therapy in fragile patients with VTE was subsequently confirmed in real-life conditions (20, 21). However, only 24% of the 17,767 fragile patients in our cohort used DOACs. We hypothesize that a higher use of DOACs in fragile patients with VTE (40% of the whole series) might have been associated with improved outcomes.

On the other hand, the use of DOACs is contraindicated in patients with severe liver or renal insufficiency, in pregnant or breast-feeding women, and in patients perceived to be at high risk for bleeding (4). Because most of these patients with were excluded from the clinical trials, data regarding their effectiveness and safety are only available through non-randomized studies of which statistical type I/type II errors could play a role (6, 22). Despite this knowledge gap, 23% of patients with recent major bleeding, 15% with CrCl levels <30 mL/min, 11% with cirrhosis, and 16% with thrombocytopenia in our cohort used DOACs. There are few data about resuming anticoagulation after major bleeding with DOAC. In the study from Little (23), reassumption of DOAC in extracranial non-gastrointestinal bleeding was accompanied by reduction in thrombosis. We haven’t studied DOAC in pregnancy in RIETE as opposite to GARFIELD study (24). Data of DOAC used in patient with recently bleeding are an interesting finding since the lack of a monitoring assays say and reversal agents (25) have been important safety concerns for clinicians. A substantial proportion of these patients (25, 44, 26, and 27%, respectively) received lower than recommended doses. This is also of concern, since under-dosing of DOACs has been associated with decreased efficacy and no benefit in safety (26–29). Apixaban was seen to be the most frequent DOAC with dose modification. It could be argued that attending physician has used the same adjustment for dose that has to be made in atrial fibrillation, as it’s supposed in the study from, about changing pattern of type of anticoagulant use and in off-label use a cohort from Switzerland (30). Also low doses are used in atrial fibrillation (31, 32).

Finally, because patients at extremes of body weight were underrepresented in DOAC clinical trials and randomized trials for these patient subgroups are currently unavailable, the International Society of Thrombosis and Hemostasis Scientific and Standardization Committee recently suggested that rivaroxaban and apixaban can be adequate for VTE therapy regardless of body weight, and suggested not using dabigatran, edoxaban or betrixaban in patients weighing >120 kg (12). In our cohort, 12 patients weighing >120 kg used edoxaban (5.6% of the obese patients using DOACs).

Among patients receiving DOACs in our cohort, there was some preference for apixaban over rivaroxaban or edoxaban in the elderly (33) and in patients with recent major bleeding or atrial fibrillation. On the other hand, rivaroxaban was preferred in the young, and edoxaban in those with liver cirrhosis. However, in the absence of clinical trials comparing the DOACs each other, there is no evidence to support that one specific DOAC is superior to any other in terms of efficacy or safety in any clinical scenario.

The main strength of this study is the large size of the RIETE registry, which enabled us to explore the variations across multiple settings, including across patient-related factors, across geographic regions as well over time. As such, the data related to temporal, institutional, and particularly patient-level variations per clinical subgroups provide real-world evidence about contemporary practice and could be helpful for practice management, policy making, and designing future research studies. However, a number of limitations of this study must be acknowledged. First, we did not evaluate the role of patient income and sociodemographic variables as they relate to patient’s willingness to pay for DOACs. Second, factors related to DOACs therapy choice may change over time as prescribers and patients gain more familiarity and experience with the newer DOACs, and additional research will be needed to identify predictors of treatment and changes in DOAC treatment patterns in the future. Third, some countries had fewer participating centers or enrolled only a few patients. As such, although findings from this multicenter, multinational study demonstrate regional variations in diagnostic practices, accurate comparisons for point estimates are not feasible for some countries. Finally, future research needs to consider the impact of patient preferences in DOAC therapy decisions.

This is the first of a series of studies to explore the use of DOACs in patients with VTE and their potential consequences. The focus of the current study was on the assessment and description of potential variations in the choice of drugs for VTE therapy. Future studies are required to explore the reasons behind the variations, the accuracy of each approach, and to assess the impact of these variations on VTE-related and non- VTE-related outcomes in adjusted analyses.

In conclusion, in a large multicenter, multinational registry of patients with VTE, we observed noticeable variations in the choice of DOACs according to the underlying patient factors and institutional factors.
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Objectives: To evaluate the safety and outcome of image-guided sclerotherapy for treating venous malformations (VMs) of the face.

Materials and methods: A multicenter cohort of 68 patients with VMs primarily affecting the face was retrospectively investigated. In total, 142 image-guided sclerotherapies were performed using gelified ethanol and/or polidocanol. Clinical and imaging findings were assessed to evaluate clinical response, lesion size reduction, and complication rates. Sub-analyses of complication rates depending on type and injected volume of the sclerosant as well as of pediatric versus adult patient groups were conducted.

Results: Mean number of procedures per patient was 2.1 (±1.7) and mean follow-up consisted of 8.7 months (±6.8 months). Clinical response (n = 58) revealed a partial relief of symptoms in 70.7% (41/58), 13/58 patients (22.4%) presented symptom-free while only 4/58 patients (6.9%) reported no improvement. Post-treatment imaging (n = 52) revealed an overall objective response rate of 86.5% (45/52). The total complication rate was 10.6% (15/142) including 4.2% (7/142) major complications, mostly (14/15, 93.3%) resolved by conservative means. In one case, a mild facial palsy persisted over time. The complication rate in the gelified ethanol subgroup was significantly higher compared to polidocanol and to the combination of both sclerosants (23.5 vs. 6.0 vs. 8.3%, p = 0.01). No significant differences in complications between the pediatric and the adult subgroup were observed (12.1 vs. 9.2%, p = 0.57). Clinical response did not correlate with lesion size reduction on magnetic resonance imaging (MRI).

Conclusion: Image-guided sclerotherapy is effective for treating VMs of the face. Clinical response is not necessarily associated with size reduction on imaging. Despite the complex anatomy of this location, the procedures are safe for both adults and children.
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Introduction

According to the classification of the International Society for the Study of Vascular Anomalies (ISSVA) (1, 2) vascular malformations are divided in slow-flow and high-flow lesions, related to the underlying flow pattern, which is crucial both for treatment decision and the prognosis (3). Slow-flow malformations represent the majority (>90%) of vascular malformations and among these, venous malformations (VMs) are the most common type (4). VMs are composed of a dilated, dysplastic, and hemodynamically non-functional venous-like network presenting as compressible, bluish, non-pulsatile, and soft with expanding skin and subcutaneous tissue (5). In many cases, VMs grow proportionally during childhood remaining unnoticed for years prior to symptomatic clinical presentation (6). While possibly occurring at any part of the body, VMs frequently affect the head and neck area including the face (7). As the complex anatomy of the face is based on multiple small functional units containing dense innervation and limited soft tissue coverage, therapy of these lesions often has a relevant risk for nerve injury, necrosis, and aesthetic disfigurement (8).

The purpose of this multicenter study was to evaluate the safety and outcome of image-guided sclerotherapy with ethanol gel and/or polidocanol for the treatment of VMs affecting the face.



Materials and methods


Study design

The present retrospective multicenter study was approved by the local ethics committee (University Hospital, LMU Munich, protocol No. 21-0943, 10/06/2021) and was performed in accordance with the Declaration of the World Medical Association (WMA). All patients were recruited from Interdisciplinary Vascular Anomalies Centers at six tertiary care university hospitals in Germany, Switzerland, and Tanzania. Data collection was performed using electronic patient records as well as the Picture Archiving and Communication System (PACS) searching for corresponding diagnosis related groups (DRGs). VMs were diagnosed based on the combination of patient history, physical examination, and imaging using magnetic resonance imaging (MRI) as well as duplex ultrasound (9). The angiographic classification was performed according to Puig et al. (10). All malformations predominantly affected the face, patients with lesions involving the neck or head without the face were excluded. In addition, patients who underwent diagnostic workup only without invasive treatment were excluded. The indications for image-guided sclerotherapy were pain, swelling, bleeding, recurring infections, repetitive thrombosis and/or other blood coagulopathy, aesthetic disfigurement as well as accompanying functional impairment (e.g., insufficient breathing, jaw motional restriction, epiphora, exophthalmos, and facial paresthesia).



Procedural details

Interventional treatment was conducted under general anesthesia. Sclerotherapy was performed under real-time ultrasound and fluoroscopic guidance using gelified ethanol (Sclerogel®, Balt Germany GmbH & Co. KG, Düsseldorf, Germany) and/or 2–3% polidocanol foam (Aethoxysclerol®, Kreussler & Co. GmbH, Wiesbaden, Germany; ratio of polidocanol to sterile air 1:4). Gelified alcohol was used in cases of rapid venous drainage toward larger draining veins due to its higher viscosity. For sclerotherapy ultrasound guidance was applied to gain access to the VM. After placing a 20/21G needle within the lesion, venous blood was aspirated for verification of intralesional position and contrast injection under fluoroscopy was performed in order to detect rapid venous drainage into the deep venous system and classify the lesion. Subsequently the sclerosant was injected in majority of cases under ultrasound control, either until the lesion was properly covered or dislocation of sclerosant toward the deep venous system occurred. Only in case of lesions with fast venous drainage or drainage toward susceptible areas like the brain, the filling defect technique using fluoroscopy was additionally used. E.g., for orbital malformations, additional fluoroscopic was routinely applied. Patients were discharged at day 2–5 following the procedure, with low molecular weight heparin routinely administered for 7 days, in order to prevent potential acute postinterventional symptoms, especially those caused by local thrombophlebitis. Repetitive sclerotherapy procedures were performed depending on the extent of the lesion, response to therapy, and course of clinical symptomatology.



Follow-up

In the six centers involved the patients were seen within a standardized follow-up regime. The first clinical follow-up was conducted at 1–3 months after each sclerotherapy session including repeated contrast-enhanced MRI examination. In case of insufficient improvement of symptoms or residually perfused lesion(s) being present, an additional sclerotherapy session was performed. In case of no additional treatment the next follow-up was scheduled at 6 months, again comprising a clinical examination as well as contrast-enhanced MRI. Hereafter, additional follow-ups were performed annually.



Outcome evaluation

Data analysis was conducted to evaluate demographics and to define lesion classification, clinical response, objective response (imaging), and complication rates. Clinical response at follow-up was measured using the following grading scale: symptom-free, partial relief of symptoms, no improvement of symptoms, and clinical progression despite sclerotherapy. Objective response was assessed by changes in lesion size using pre-procedural MR images compared to those obtained at terminal follow-up after the last sclerotherapy. Imaging findings were classified into the following four categories: complete response (CR, 100% lesion size reduction), partial response (PR, 30% lesion size reduction), stable disease (SD, neither PR nor PD criteria met), progressive disease (PD, 20% lesion size increase) (11, 12). For the size assessment of the VMs on delayed-phase contrast-enhanced fat-saturated T1-weighted images, the largest lesion diameter in one imaging plane was used, comparable to the response evaluation criteria in solid tumors (RECIST) (11). Peri- and post-procedural complications were classified into minor and major adverse events (AE) according to the Cardiovascular and Interventional Radiological Society of Europe (CIRSE) classification (13) as well as analyzed depending on the type and the injected volume of the sclerosant and between the adult and pediatric subgroup. A comparison of clinical and objective response was performed.



Statistical analyses

Descriptive statistics were used to analyze the distribution of patients among the different categories. Kolmogorov–Smirnov (K-S) test was used for the assessment of normality. Data are presented as means (±SD) in case of normal distribution or as medians (range, minimum–maximum) for skewed distribution. Sub-analyses were performed using the Pearson’s Chi-squared test for categorial data and the Mann–Whitney U test for metric data. Statistical testing was conducted using SPSS (version 26.0, IBM Corp., USA), with p < 0.05 considered as significant.




Results


Patients characteristics

A total of 68 consecutive patients, 30 males and 38 females, with VMs of the face underwent a total of 142 image-guided sclerotherapies between 2010 and 2021 (Table 1). The median age was 18.0 years (range, 0.7–64 years) at treatment initiation while 31/68 (45.6%) have been pediatric cases (<18 years). In general, the 68 VMs presented with frontal (4/68, 5.9%), temporal (11/68, 16.2%), orbital (5/68, 7.4%), auricular (4/68, 5.9%), nasal (4/68, 5.9%), buccal (54/68, 79.4%), mental (12/68, 17.6%), and labial (17/68, 25.0%) involvement. Part of the cohort (24/68, 35.3%) presented with extensive lesions extending to more than 1 of these anatomical areas. Thereof, one VM (1/68, 1.5%) included 6 areas and one 4 areas, while 12/68 patients (17.6%) presented lesions extending to 3 areas and 10/68 patients (14.7%) to 2 areas. None of the lesions extended into retroorbital areas and none of the patients presented with VMs associated with other anomalies (such as Klippel-Trenaunay syndrome). Puig et al.’s classification (10) showed mostly type I (28/68, 41.2%) and type II (27/68, 39.7%) while 13/68 lesions (19.1%) were categorized as type III. Both therapy-naive patients (36/68, 52.9%) and patients having undergone previous invasive treatments (32/68, 47.1%) by debulking surgery (16/68, 23.5%), sclerotherapy (16/68, 23.5%), or laser-therapy (6/68, 8.8%) without sufficient symptom improvement, were included. Clinical follow-up and MR imaging was obtained for 52/68 patients (76.5%). Regarding the remaining 16 patients, 10/68 (14.7%) have been lost to follow-up while 6/68 patients (8.8%) were children <6 years of age; in the latter cases, only a clinical follow-up was performed, as the aim was to avoid the anesthesia required for MRI and the clinical responses had been sufficient. The mean follow-up period after the last treatment session was 8.7 (±6.8) months for the total cohort.


TABLE 1    Patient characteristics of the study cohort.

[image: Table 1]



Procedural characteristics

The mean number of image-guided sclerotherapies per patient was 2.1 (±1.7), for details see Table 2. Thereby, 66/142 procedures (46.5%) were performed in children. A total of 84/142 sclerotherapies (59.2%) were performed using polidocanol foam with a mean injected volume of 4.9 ml (±3.7) while 34/142 treatments (23.9%) were performed using gelified ethanol with a mean injected volume of 1.5 ml (±0.9). Of the 34 latter, lipidiol was mixed to gelified ethanol (1:1) in 9 cases resulting in a mean injected volume of 0.7 ml (±0.6). With regard to the 25/142 (17.6%) treatments with pure gelified ethanol, the mean injected volume was 1.8 ml (±0.9). A sequential combination of both sclerosants, polidocanol foam, and gelified ethanol, with a mean injected volume of 4.5 ml (±4.9) and 2.2 ml (±0.8), respectively, was used in 24/142 procedures (16.9%). The median duration of hospitalization was 3.0 days (range, 2–5 days).


TABLE 2    Procedural data of the study cohort.
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Clinical response

Final clinical follow-up (after last sclerotherapy) revealed an overall response of 54/58 patients (93.1%) including mainly partial relief of symptoms (41/58, 70.7%) and symptom-free presentation (13/58, 22.4%). There was no improvement of symptoms in 4/58 patients (6.9%) at the last obtained follow-up. No patient presented with clinical progression or relapse of symptoms following sclerotherapy.



Imaging response

After the last sclerotherapy session, the lesion size evaluation of the post-treatment MRI at terminal follow-up compared to pre-treatment imaging revealed CR in 6/52 patients (11.5%), PR in 39/52 patients (75.0%), and SD in 7/52 patients (13.5%). This resulted in an overall objective response rate of 86.5% (45/52), see Figure 1.


[image: image]

FIGURE 1
Fourteen-year-old male patient with a venous malformation (VM) primarily affecting the nasal, buccal, mental, and labial area of the left face. (A,B) Clinical photographs demonstrate the appearance of the patient with extensive swelling in the areas affected by the VM and enormous labial deformation on the left side. Superficial bluish discoloration of the skin is marked by an arrow. (C–E) Coronar and axial fat-saturated T2-weighted MR images present typical hyperintense signal of the facial VM with multiple hypointense spots representing phleboliths (arrows). (F) Periprocedural digital subtraction angiography (DSA) images while successful percutaneous sclerotherapy of oropharyngeal compartments, the arrow marks the oral inserted angiocatheter. (G,H) Clinical photographs show the appearance of the patient 3 years post sclerotherapy with reduced swelling of the affected areas. The patients’ lip closure can be performed completely as well as no functional problems with food intake occur. (I) In parallel, post-treatment axial T2-weighted MR image reveals a reduced volume of the VM (arrow).




Safety and complications

Peri- and postprocedural complications were reported after 15/142 sclerotherapies (10.6%, CIRSE grade 1–4). During one procedure (1/130, 0.7%, CIRSE grade 1), persistent venous bleeding occurred which was resolved after application of suprarenin and a sponge sealant patch coated with human fibrinogen/thrombin as well as manual compression. The postprocedural complications included local skin necroses/ulcerations (2/142, 1.4%, CIRSE grade 3) at the treated area of malformation, in one patient with temporary bleeding, both conservatively resolved by intensified wound management. Further adverse events involved prolonged swelling at injection side (4/142, 2.8% CIRSE grade 2) entailing elongated postprocedural observation, abscess formations successfully treated with antibiotics during prolonged hospitalization (2/142, 1.4%, CIRSE grade 3) as well as mild superficial inflammations (4/142, 2.8%, CIRSE grade 2), the latter not resulting in additional measures. One patient suffered from thrombophlebitis beyond the treated area of malformation (1/142, 0.7%, CIRSE grade 3) 1 week after sclerotherapy. In one case a mild facial palsy occurred postprocedural (1/142, 0.7%, CIRSE grade 4) basically manifested as mouth asymmetry which partially improved but did not recover entirely. Except for the latter case, all complications were self-limited and entirely resolved with conservative means (14/15, 93.3%). Overall, the major complication rate (CIRSE grade >2) was 4.2% (6/142). In our patient cohort, no systemic procedure-related complications have been reported such as allergic reactions due to administered drugs, postinterventional syncope, nausea/vomiting, or fever. No late complications (>30 days) were reported.



Sub-analysis of sclerosant type and volume

The sub-analysis revealed significant differences between the procedures performed with gelified ethanol compared to polidocanol foam concerning the incidence of post-procedural complications (Chi-squared test, p = 0.01): regarding the polidocanol subgroup (n = 84) a total complication rate of 6.0% (5/84) was found while in the gelified ethanol subgroup (n = 34) complications occurred in 23.5% (8/34). In patients with both sclerosant type used in combination (n = 24) a complication rate of 8.3% (2/24) was calculated. No significant differences between these subgroups according to the sclerosant used and clinical as well as imaging response were evaluated (Chi-squared test, p > 0.05). No significant differences between the sclerosant volume injected and the complication rates were found (Mann–Whitney U test, p = 0.11).



Correlation of clinical and imaging response

The evaluation (of all patients with clinical follow-up and MRI, n = 52) revealed no statistically significant differences between the lesion size reduction on MRI compared to the grade of clinical response (Chi-squared test, p = 0.15), even though the percentage of malformations achieving CR on MRI was higher in the symptom-free group (2/11, 18.2%) than in the group with partial relief of symptoms (4/37, 10.8%), see Table 3.


TABLE 3    Lesion size reduction by clinical response.
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Comparison of children and adults

Comparison of the sclerotherapies performed in children and adults revealed no significant differences in clinical response (Chi-squared test, p = 0.40) or imaging response (Chi-squared test, p = 0.93), respectively, for details see Table 4. In addition, there were no statistically significant differences between the complication rates (Chi-squared test, p = 0.57) in both groups: regarding the pediatric subgroup (n = 66) a total complication rate of 12.1% (8/66) was found while complications occurred in 7/76 adult patients (9.2%).


TABLE 4    Comparison of outcomes between pediatric and adult group.
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Discussion

In this study of VMs primarily affecting the face, a high overall clinical and objective response rate for image-guided sclerotherapy is being reported, accompanied by a low rate of major complications.

In general, several studies reported on the outcome of image-guided therapies of VMs of the head and neck (14, 15) but were rarely restricted to the face (16); consequently, the comparison of our data with the literature is limited. With respect to most of the studies in this field (17), we evaluated a large cohort while the mean number of sclerotherapies per patient of 2.1 is similar to that reported in the literature.

We were able to demonstrate that percutaneous sclerotherapy of VMs of the face using gelified ethanol and/or polidocanol foam is effective regarding clinical and imaging response which results were also comparable in the adult and pediatric subgroups, respectively. Our findings of at least a partial relief of symptoms in 93% of the patients are similar to those reported after sclerotherapy of head and neck VMs in general (17). Likewise, equivalent results were reported in the few cohorts that focused specifically on facial lesions as exemplarily shown by Spence et al. treating 32 facial VMs using bleomycin and reporting subjective improvement in 91% (16). In this cohort, in which the risk of pneumonitis and pulmonary fibrosis as well as the maximum dose limitation with repeated use of bleomycin had to be considered, a mean dose of 10.5 U was used per session in an average of 3.5 sessions, consisting of a moderate total dose of bleomycin. In the present study a similar clinical outcome could be achieved with comparable complications regarding the minor complication rate of 13% in the cohort of Spence et al. (16). Further, there are currently novel approaches such as combining directly injected bleomycin with reversible electroporation (electrosclerotherapy) to increase the effectiveness of the sclerosants thereby reducing the dose and the risk for relevant adverse events (18). In our study, postprocedural MRI revealed an overall response rate of 87%, supported by the results of previously published studies of head and neck VMs (19, 20). Regarding the correlation of symptom improvement with objective response on MRI, different results have been published. Several studies reported a positive correlation between clinical and objective findings, such as Alexander et al. in 37 venous and lymphatic head and neck malformations (21). Other data suggested that clinical improvement is not always associated with size reduction on MRI (16). Regarding our results, the percentage of malformations achieving complete a response on MRI was higher (18%) in the symptom-free group compared to the group with partial relief of symptoms (11%), though this was not confirmed by statistical significance. Thus, in our opinion, a fraction of patients presents with substantial clinical benefit after sclerotherapy despite a lack of size reduction on MRI, and MRI at follow-up should never be considered as the primary or sole measure of treatment success. Nevertheless, it should be taken into account that due to the relatively short follow-up in our cohort, MRI may not (yet) have been able to show the possibly ongoing remodeling of connective tissue in the treated lesion. In addition, when considering the outcome of this study, it should also be noted that this cohort tended to present fewer complex lesions (Puig I and II = 81% vs. Puig III and IV = 19%) even if similar distributions have been described in the literature as well (10, 22). In parallel to the correlating of clinical outcome with post-treatment MRI, there have also been valuable approaches to obtain predictive data for upcoming treatment planning from pre-treatment imaging. Goyal et al. developed their own MR classification in their series and found that the number of sclerotherapy sessions, the amounts of ethanol for each lesion, and the number of access sites increased with increasing lesion grade (23).

The present study showed a low overall complication rate of 11%, which was also similar in the adult and pediatric subgroups considered separately, with most sequalae having resolved by conservative means. This is rather low compared to published data of sclerotherapy of extracranial VMs such as summarized in the meta-analysis by De Maria et al. involving 37 head and neck studies with a local temporary complication rate of 27–57% (17). Consequently, the presented approach confirms the acceptable risk profile of both sclerosants used and makes them particularly attractive for repeated sclerotherapy sessions even in challenging anatomical locations. Nevertheless, comparing these sclerosants in relation to the incidence of complications, we found significantly more complications in the group being treated with gelified ethanol compared to polidocanol. The latter is a frequently descripted sclerosant causing lysis of vessel endothelium while showing low complication rates (24). Gelified ethanol, a composition of ethanol, is supplemented with water-insoluble cellulose derivative and embedded by a cotton wool-like network. Local adverse events, such as necrosis, temporary nerve palsy, and ethylcellulose fistulas, are reported in 12–48% of patients (25, 26), therefore, this is generally similar to our findings (24%). The hospitalization period of a median of 3 days may be considered long in some countries where sclerotherapies may even be carried out as day-care procedures, which however may also reflect differences in reimbursement systems across countries.

Further, it should be noted that the classification of complications referring to CIRSE used here for facial VMs may not specifically reflect essential relevant consequences related to this specific localization, particularly nerve damage or aesthetic disfigurement, which significantly affect patients in the long term. In our study, a singular case of mild facial palsy occurred which did not resolve completely. The mean injected volume of sclerosant in our study was rather low, which may additionally account for the overall low complication rate. More aggressive approaches can be more effective but may potentially be accompanied with more adverse events, which in our eyes should particularly be considered in anatomically challenging areas such as the face. Though there is some evidence that higher sclerosant volumes may increase the peri- and postprocedural complication rate (27), we could not confirm this relationship in our cohort. This may be due to the fact that by using several access needles, it is possible to distribute the sclerosant over larger lesion volumes avoiding local peak concentrations at the injection sites. Even if we did not analyze the exact number, the use of several puncture sites might help in the reduction of complications.

This multicenter analysis has several limitations: first, it represents a retrospective design including a lack of standardized follow-up data available for the reported patient cohort. Second, standardized disease-related questionnaires to evaluate the specific symptomatology and functional impairments were not routinely used as systematic tools for clinical response. Exemplarily, visual analog scales (VAS) to classify pain as a symptom would have been desirable for more standardized pain assessment. In general, standardized evaluation of quality of life (QoL) may be an appropriate measurement here that should be investigated in further studies using prospective study designs. There was recently published a prospective study protocol presenting QoL as primary study objective after treatment of arteriovenous malformations (28). Additionally, further approaches are being developed to standardize treatment outcome measures, such as the international core outcome set developed by Horbach et al. (29). Third, the objective response was measured by postprocedural changes in VM size as assessed by MRI. For this purpose, no standardized protocol or guidelines/recommendations exist and the oncological RECIST criteria may not be the best option for assessing vascular malformations. In this regard, new functional imaging modalities and advanced analysis tools may prove more versatile for treatment response evaluation in the future (30, 31). These aspects emphasize the general complexity in studying this rare disease, as there are currently no established criteria for the analysis of both clinical and objective response. Fourth, in regard of the high recurrence rate of VMs commonly manifesting after a longer-term, the mean follow-up time of about 9 months after the last sclerotherapy was relatively short. Therefore, it was not yet reasonable to evaluate the recurrence rate as an essential outcome parameter in vascular anomalies. Consequently, conclusions with respect to long-term efficacy of the proposed approach were not feasible.



Conclusion

Image-guided sclerotherapy is effective for treating venous malformations of the face. Clinical response is not always associated with lesion size reduction on imaging. Despite the challenging and complex anatomy of this location, the procedures carry low complication rates for both adults and children.
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Objectives: The currently recommended aspirin regimen appears inadequate for thromboprophylaxis in essential thrombocythemia (ET). This study aimed not only to evaluate the curative effect of aspirin but also to explore the coagulation status and determinants of aspirin resistance (AR) of ET patients.

Methods: A total of 80 ET patients who underwent coagulation tests, thromboelastography (TEG), and next-generation sequencing (NGS) were involved in the study. Patients were divided into the aspirin sensitivity (AS) group and AR group according to the arachidonic acid inhibition rate. Their clinical features and coagulation function were analyzed.

Results: The incidence of AR was 53.75% (43/80) in 80 ET patients. Fbg was significantly higher in coagulation tests in AR patients compared with AS patients (P < 0.05), while the differences in other variables (D-D, PT, PTA, INR, APTT, TT, FDP, and AT-III) were not statistically significant (P > 0.05). Compared with AS patients, the K values, α angles, MA values, and CI values of TEG in AR patients were statistically smaller (P < 0.05), but there was no significant difference in R value between them (P > 0.05). Univariate and multivariate logistic regression analysis showed that age, irregular use of aspirin, smoking, dyslipidemia, and hypertension increased the risk of AR (P < 0.05). In the routine NGS, the driver gene and non-driver gene had no effect on AR in ET patients.

Conclusion: Compared with AS patients, AR patients have enhanced platelet aggregation function, are in a relatively hypercoagulable state, and haveelevated fibrinogen function/levels, all of which cause a worse coagulation status. ET patients with increasing age, irregular use of aspirin, smoking, dyslipidemia, and hypertension are possibly at higher risk of AR. The routine NGS may not be helpful for the prediction of AR, therefore we recommend adding relevant drug-resistance genes to NGS.
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1 Introduction

Essential thrombocythemia (ET) is a Philadelphia chromosome-negative myeloproliferative neoplasm (MPN) characterized by highly proliferative megakaryocytes in the bone marrow and markedly elevated platelet counts in peripheral blood (1). The arterial and venous thrombosis rate in MPN patients has been estimated as 3-fold and 10-fold increased, respectively, compared with the general population (2). Therefore, it is very important to prevent thrombosis in the treatment of these patients (3).

Low-dose aspirin (75–100 mg/day) is widely used to prevent thrombosis in patients with ET (4, 5). In recent years, studies have shown that patients’ responses to aspirin are different (6–8). In the clinic, even if some patients regularly take aspirin for a long time, thrombosis will still occur. This may be because aspirin has insufficient inhibitory effect on platelets. This phenomenon is called aspirin resistance (AR), while the opposite is called aspirin sensitivity (AS) (9, 10). The purpose of this study was not only to evaluate the curative effect of aspirin in ET patients, but also to explore the coagulation status and determinants of AR.



2 Materials and methods


2.1 Patients

We collected data from 80 ET patients in the Xiyuan Hospital from June 2019 to December 2021. All patients were diagnosed according to World Health Organization (WHO) diagnostic criteria (11) and underwent the next-generation sequencing (NGS), coagulation test, and thromboelastography (TEG). All patients were over 18 years old and had been taking aspirin (100 mg once a day) for at least 1 month. Patients could not take other drugs that affect coagulation function within one month before being examined. This study was approved by the medical ethics committee of the hospital (Reference number: 2019XLA024-3) and by the Chinese Clinical Trial Registry (Registry number: ChiCTR2200057736).



2.2 Clinical and laboratory data

Laboratory data included sex, age, aspirin use, cardiovascular risk factors (smoking, dyslipidemia, hypertension, and diabetes), history of thrombosis, presence or absence of splenomegaly, driver gene types (JAK2, CALR, MPL, and Triple negative), presence or absence of non-driver genes, routine blood test (WBC, HGB, PLT, NLR, and PLR), coagulation test (Fbg, D-D, PT, PTA, INR, APTT, TT, FDP, and AT-III), and TEG (R, K, α angle, MA, and CI). Referring to the relevant evaluation criteria (12–16), AR is defined as the inhibition rate of arachidonic acid (AA) <50%, and AS is defined as the inhibition rate of AA ≥50%.



2.3 Statistical analysis

SPSS 26.0 statistical software was used for analysis. The measurement data conforming to the normal distribution adopted the mean ± standard deviation (x ± s) and two-sample t-tests. If the measurement data did not conform to the normal distribution, M (P25 and P75) was used to express it, and the rank sum test was adopted. The risk factors of AR were analyzed by univariate and multivariate logistic regression. The enumeration data were statistically analyzed with the Chi-squared test. P < 0.05 meant statistically significant.




3 Results


3.1 The incidence of AR in ET patients

Among the 80 ET patients, 43 (53.75%) developed AR, with an average AA inhibition rate of 25.91%. There were 37 patients with AS, and the average inhibition rate of AA was 65.05%.



3.2 Comparison of clinical characteristics between AR and AS patients

Compared with AS patients, AR patients were significantly older, took aspirin irregularly, and had smoking, dyslipidemia, and hypertension (P < 0.05). There was no significant difference (P > 0.05) between the two groups in gender, thrombosis history, splenomegaly, driver gene type, white blood cell count (WBC), hemoglobin (HGB), platelet count (PLT), neutrophil-lymphocyte ratio (NLR), and platelet-lymphocyte ratio (PLR), as shown in Table 1.


TABLE 1    Comparison of clinical characteristics between AR and AS patients.
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3.3 Comparison of coagulation status between AR patients and AS patients

In the coagulation test, the fibrinogen (Fbg) of 5% (4/80, 3 cases of AR and 1 case of AS) ET patients exceeded the normal upper limit, while other indexes (D-D, PT, PTA, INR, APTT, TT, FDP, and AT-III) did not. On TEG, 7.5% (6/80, 5 cases of AR and 1 case of AS) of patients had enhanced coagulation factor function (R < 4 min), 30.0% (24/80, 18 cases of AR and 6 cases of AS) of patients had increased fibrinogen function/level (K < 1 min or α angle >72°), 45.0% (36/80, 24 cases of AR and 12 cases of AS) of patients had enhanced platelet aggregation function (MA >70 mm), and 26.3% (21/80, 17 cases of AR and 4 cases of AS) of patients were in hypercoagulable state (CI >3).

Specifically, in the coagulation test, the Fbg of AR patients was significantly higher than that of AS patients (P < 0.05), while the differences in other variables (D-D, PT, PTA, INR, APTT, TT, FDP, and AT-III) were not statistically significant (P > 0.05). Compared with AS patients, the K values, α angles, MA values, and CI values of TEG in AR patients were lower (P < 0.05). But the difference of R values was not statistically significant (P > 0.05). See Table 2 for greater detail.


TABLE 2    Comparison of coagulation status between AR patients and AS patients.
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3.4 Risk factors for AR: Univariate logistic regression analysis

Aspirin resistance was used as the dependent variable, as shown in Table 3, and 19 influencing factors were analyzed by univariate logistic regression. The results showed that patients with older age (OR = 1.059, 95% CI 1.019–1.101, P = 0.003), irregular aspirin use (OR = 3.152, 95% CI 1.176–8.447, P = 0.022), dyslipidemia (OR = 5.067, 95% CI 1.656–15.502, P = 0.004), and hypertension (OR = 6.716, 95% CI 1.772–25.460, P = 0.005) had a higher risk of AR.


TABLE 3    Univariate logistic regression analysis of AR.
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3.5 Risk factors for AR: Multivariate logistic regression analysis

Variables with P < 0.10 in the univariate logistic regression analysis were included in the multivariate logistic regression analysis. A total of five variables were eligible (age, irregular aspirin use, smoking, dyslipidemia, and hypertension). The results showed that patients who took aspirin irregularly (OR = 7.158 95% CI 1.973–25.964, P = 0.003), smoked (OR = 8.830, 95% CI 1.422–54.833, P = 0.019), had dyslipidemia (OR = 4.949, 95% CI 1.121–21.850, P = 0.035), and had hypertension (OR = 5.629, 95% CI 1.186–26.710, P = 0.030) had a higher risk of AR, as shown in Table 4.


TABLE 4    Multivariate logistic regression analysis of the influencing factors of AR.
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Age was statistically significant in the univariate logistic regression analysis, but not in the multivariate logistic regression analysis. The main reason could be the presence of intermediate or confounding variables. We used the two-factor model approach to explore the reasons for the inconsistent results. We established several regression models, each with the dependent variable “aspirin resistance,” the independent variable “age” and one other independent variable. Only in the two-factor regression model of “age + dyslipidemia,” age was found to be statistically insignificant, so “dyslipidemia” was considered to be an interfering factor affecting age. Studies have shown that age is a risk factor for dyslipidemia (17, 18), and a directed acyclic graph (DAG) showed that dyslipidemia is an intermediate variable of age (Figure 1). After excluding dyslipidemia, the other four variables (age, irregular aspirin use, smoking, and hypertension) were analyzed by multivariate logistic regression. The results showed that the older the patients were, the higher the risk of AR was (OR = 1.067, 95% CI 1.017–1.119, P = 0.008). The Chi-square test was used to further analyze the relationship between different age segments and AR, and there were significant differences (χ2 = 11.410, P = 0.022). It could be seen that the AR resistance rate gradually increased with age increase, especially after the age of 40, the proportion of AR patients was significantly higher than that of AS patients (as shown in Table 5).


[image: image]

FIGURE 1
The directed acyclic graph among age, dyslipidemia, and aspirin resistance.



TABLE 5    The Chi-square test analysis of the relationship between different age segments and AR.
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3.6 Comparison of driver genes mutational load and non-driver genes types between AR and AS patients based on NGS

Table 1 demonstrated that there was no significant difference in the type of driver genes between AR and AS patients. As shown in Table 6, our further analysis showed that there was no significant difference in driver gene mutational load and non-driver gene types between AR and AS patients (P > 0.05).


TABLE 6    Comparison of driver genes mutational load and non-driver genes types between AR and AS patients.
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4 Discussion

Thrombosis prevention is an important therapeutic goal of ET. Aspirin is widely used for the primary and secondary prevention of thrombosis in ET patients. A study showed that the widely promoted low-dose (100 mg mg/day) aspirin regimen could not effectively reduce platelet activation (19). Therefore, exploring coagulation status and determinants of AR has important clinical significance for thromboprophylaxis of ET.

Thrombosis occurs as a result of a combination of changes in the vascular endothelial cells, platelets, coagulation, fibrinolytic system, and blood rheology. Studies have shown that all these factors have changed to varying degrees before thrombosis (3, 20, 21). TEG can dynamically monitor the process of coagulation, and it can help identify the prethrombotic state of patients in combination with a coagulation test (22–24).

In the study, the incidence of AR was 53.75% in 80 patients. Our study found that 45.0% of ET patients had enhanced platelet aggregation (MA >70 mm), and 26.3% had hypercoagulability (CI >3). Specifically, the incidence of enhanced platelet aggregation was higher in AR patients than in AS patients (55.81 > 32.43%, P < 0.05), and the incidence of hypercoagulable state was also higher in AR patients than in AS patients (39.53 > 10.81%, P < 0.05). This means that even in AS patients, 1/3 of them still have enhanced platelet aggregation function, and 1/10 of them are in a hypercoagulable state. This indicates that the current antiplatelet treatment scheme is really inadequate and needs to be improved. And compared to AS patients, AR patients had significantly higher fibrinogen values, significantly lower K values, and significantly larger alpha angles (p < 0.05). Therefore, it is considered that hypercoagulability is not only related to the enhancement of platelet aggregation function, but also related to the function/level of fibrinogen. The R value can reflect the activity of coagulation factors. In this study, 7.5% of patients had R values below normal, which means that there is no general abnormality of coagulation factors in ET patients. And there was no difference in R values between AR patients and AS patients, which implies that aspirin has little effect on coagulation factors.

Aspirin can prevent the production of thromboxane A2 (TXA2) in platelets by irreversibly acetylating a serine residue at position 529 of the cyclooxygenase-1 (COX-1) isoform (25). Aging affects AR probably associated with some reduction in the first-pass metabolism and bioavailability of aspirin, which is due to decreased liver mass and perfusion (26, 27). Taking aspirin irregularly will weaken its efficacy, which is an important factor of AR (25). In smokers, the biosynthesis of TXA2 is increased. Their serum C-reactive protein (CRP) also increases, while in the inflammatory state, the risk of AR increases (28, 29). Hypercholesterolemia and hypertension can lead to overexpression of COX-1, which enhances AR (30–32). After univariate and multivariate logistic regression analysis, the risk of AR was higher in ET patients with increasing age, irregular aspirin use, smoking, dyslipidemia, and hypertension. It suggests that ET patients should take aspirin regularly, quit smoking, and control blood lipid and blood pressure. However, there are too few diabetic patients among these patients to accurately judge the relationship between diabetes and AR, which is still worthy of attention.

Polymorphisms in some genes (COX-1, COX-2, GPIba, etc.) are strongly associated with AR, but it is still unknown whether the ET’s driver and non-driver genes affect it (33, 34). Unfortunately, our study showed that the driver and non-driver genes do not assist in predicting AR in ET patients. This reminds us of the need to add relevant drug-resistance genes to the routine NGS.



5 Conclusion

Compared with AS patients, AR patients have enhanced platelet aggregation function, are in a relatively hypercoagulable state, and have elevated fibrinogen function/levels, all of which cause a worse coagulation status. ET patients with increasing age, irregular aspirin use, smoking, dyslipidemia, and hypertension may have a higher risk of AR. The routine NGS may not be helpful for the prediction of AR, therefore we recommend adding relevant drug-resistance genes to NGS.
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Complicated pregnancies are nowadays a major public health concern, with possible lethality or sequelae both for the mother and the fetus. Blood coagulation disorders (including antiphospholipid syndrome, factor V Leiden mutation and antithrombin deficiency) and hypertensive gestational disorders are very well-known contributors of complicated pregnancies with poor fetal outcome, such as intrauterine growth retardation (IUGR) and fetal demise. Less commonly, vascular malformations of the placenta can also potentially lead to serious complications such as IUGR and fetal death. These malformations include hypercoiled umbilical cord, umbilical cord knot, umbilical cord varix, umbilical cord arterial or venous aneurysm, and velamentous insertion of the umbilical cord potentially leading to Benckiser's hemorrhage. Here, we report the case of a 29-year-old Gravida 2 Para 0 mother with previous history of stillbirth and smoking, admitted to the obstetrics department for the absence of fetal movement at 38 weeks of amenorrhea (WA). First-trimester and second-trimester routine ultrasounds were otherwise normal. Ultrasound performed at 38 WA revealed a 83 × 66 × 54 mm cystic heterogenous mass at the umbilical cord insertion. After delivery, fetal and placental pathology as well as maternal blood testing were performed. Fetal pathology was otherwise normal, except for diffuse congestion and meconial overload suggesting acute fetal distress. Fetal karyotype was normal (46 XX). Placental pathology revealed an umbilical artery aneurysm (UAA) at the base of the insertion of the umbilical cord, lined with a CD34+ CD31+ endothelium. After dissection, the aneurysm was filled with hemorrhagic debris, indicating aneurysm thrombosis. Histopathology revealed associated maternal vascular malperfusion (MVM) and increased peri-villous fibrin (IPF). Maternal blood tests revealed heterozygous factor V Leiden mutation, without other associated auto-immune conditions (such as antiphospholipid syndrome). Umbilical artery aneurysms remain extremely rare findings in the placenta, with <20 reported cases. Umbilical artery aneurysms have tendency to be located at the base of the insertion of the placenta, and lead to fetal demise in more than 60% of cases, mainly due to aneurysmal thrombosis, hematoma, possible vascular compression and/or rupture. Umbilical vessel aneurysms can be associated with trisomy 18 or 13. In our case, the association of factor V Leiden mutation, a hypercoagulable state, with UAA could explain massive thrombosis of the aneurysmal lumen and sudden fetal demise. Further consideration of current guidelines for surveillance and management of UAA would allow appropriate planned delivery in maternal care settings.
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1. Introduction

Fetal demise remains a major concern in the course of a pregnancy, with an important psychological impact on mothers, necessitating precise identification and careful postpartum follow-up (1–3). In high-income countries, advanced maternal age, maternal smoking, obesity and primiparity are well-known risk factors of fetal demise (4). Etiology of stillbirth include placental anomalies and/or associated lesions, chromosomic, genetic, infectious, and inflammatory causes (2, 5–7). The wide spectrum of etiologies accounting for fetal demise, requires accurate clinical history taking, laboratory tests, ultrasound assessment, and most importantly pathological evaluation of the fetus and placenta (2, 5, 6). Among placental causes, vascular insufficiency inducing maternal vascular malperfusion (MVM), fetal vascular malperfusion (FVM) and increased peri-villous fibrin (IPF) remain an important cause of fetal anoxia and death (8, 9). In some cases, vascular insufficiency is associated with maternal thrombophilia, such as factor V Leiden mutation, especially in the context of recurrent pregnancy loss (10, 11). In some cases, umbilical cord anomalies can be the single explanation accounting for fetal IUGR, acute fetal asphyxia and stillbirth (8, 12, 13). Among umbilical cord abnormalities, the presence of a single umbilical artery (SUA), umbilical knots (UK), hypercoiled umbilical cord (HUC), umbilical cord thrombosis (UCT) or umbilical vessel aneurysm (UVA) account for most of the etiologies of IUGR and stillbirth in developing fetuses (12–15). Umbilical vessel aneurysms remain very rare yet potentially lethal abnormalities of the umbilical cord, especially in association with disturbed blood flow, aneurysm rupture, or intra-vascular thrombosis (15–17). In this article, we report a unique case of umbilical artery aneurysm thrombosis in a mother suffering from thrombophilia (factor V Leiden mutation) leading to stillbirth at 38 weeks of amenorrhea (WA) in an otherwise healthy woman.



2. Case description

A 29-year-old Caucasian Gravida 2 Para 0 mother admitted to the Department of Obstetrics and Gynecology (University Hospital of Dijon—France) for the absence of fetal movement at 38 WA. Past medical history includes previous early miscarriage associated with previous maternal smoking. The mother was not under medication during pregnancy. Maternal body mass index was otherwise normal (23.8 kg/m2). Concerning family history, the patient's mother and grandmother suffered from recurrent thrombophlebitis. Maternal serologies remained negative (mother naive for toxoplasmosis and viral infections) except for elevated IgG against rubella virus. First-trimester maternal serum screening was otherwise normal, with free β-human chorionic gonadotrophin (free β-hCG) at 39.200 IU/L −1,2 Multiple of the Median (MoM), pregnancy associated plasma protein A (PAPP-A) at 3.77 IU/L −1.07 MoM, and nuchal translucency at 1.3 mm −0.83 MoM. Combined first-trimester screening for trisomy 21 remained beyond 1/10.000, which indicated the absence of fetal aneuploidy. During pregnancy, first-trimester (12 WA) and second-trimester routine ultrasounds (22 WA) were otherwise normal. Third-trimester ultrasound performed at 37 WA revealed a 73 mm (major axis) cystic heterogenous mass at the umbilical cord insertion (Figure 1). The patient was referred to the Prenatal Diagnostic Center of the University Hospital of Dijon for further investigation. Ultrasonography performed at the Prenatal Diagnostic Center at 37 WA confirmed the presence of the cystic mass at the umbilical cord insertion, which revealed normal blood flow. The mother was discharged from the hospital, with appropriate instructions in case of abnormal fetal movements and/or signs of labor. The mother was later admitted to the Gynecology Emergency Services (University Hospital of Dijon) at 38 WA for abdominal pain and absence of fetal movements. Ultrasonography confirmed the absence of fetal movements and fetal cardiac activity. At time of fetal death, maternal blood testing was performed to rule out coagulation disorders or associated infection. The Kleihauer and antiglobin test were negative, indicating the absence of fetal-maternal hemorrhage or fetal hemolytic anemia. Elevated C-Reactive protein (20.3 mg/L) was associated with hyperleukocytosis (18.5 G/L), thus raising suspicion for chorioamnionitis. Immune assays revealed positive anti-nuclear antibodies (titers 1/160). Fibrinogen (3.3 g/L) and prothrombin factors (factor II: 112%, factor V: 90%, factor VII: 90%) were within normal ranges. Testing for SARS-CoV-2, CMV and HSV infections were negative at time of fetal death.


[image: Figure 1]
FIGURE 1
 Ultrasound assessment of the umbilical cord in a 29-year-old mother at 37 WA, before stillbirth. (A) Ultrasound showed a bilocular cyst measuring 72 mm of major axis, and 31–52 mm of minor axis. (B) Umbilical vessel assessment of blood flow using tridimensional high definition Doppler ultrasound showing blood flow around the umbilical cord cyst.


Vaginal delivery and fetal expulsion were then performed. After delivery, the placenta and the fetus were referred to the Department of Pathology (University Hospital of Dijon) for further analysis. Management of stillbirth was performed according to the 2016 French guidelines (18). Placental analysis was performed in accordance with the 2016 Amsterdam consensus (9). Fetal autopsy was performed according to the current French guidelines (19). At autopsy, fetal pathology revealed a non-macerated, female eutrophic fetus (weight: 2,952 g −40th percentile), showing cyanosis of the lips and fingers, devoid of dysmorphic traits (including facial dysmorphism or limb anomalies) (20). Fetal measurements were within normal ranges, including crown-heel length (49 cm −40th percentile), crown-rump length (33 cm −30th percentile) and head circumference (33 cm −50th percentile) (21). At dissection, formalin-fixed organ weights remained within normal ranges, without evidence of malformation (22). Histopathological analysis revealed, apart from diffuse visceral congestion, meconial and keratin pigments in lung alveoli, thus suggesting previous meconium aspiration syndrome in the context of acute fetal distress. Fetal karyotype performed using thymic tissue was normal (negative for aneuploidy or chromosomal anomalies), with a 46 XX formula. Gross examination of the placenta revealed a eutrophic placenta (496 g −50th percentile), of normal configuration (oval shape), measuring 24 cm of length, 18 cm of width and 2 cm of thickness, with normal membrane insertion (23, 24). The umbilical cord measured 36 cm of length and 2 cm of diameter. At the fetal plate, a large bilocular cystic lesion was observed at the insertion of the umbilical cord (Figure 2) measuring ~8 cm of diameter. At dissection, the cystic lesion was filled up with hemorrhagic debris and large blood clots (Figure 2). Placental cut section revealed whitish subchorionic nodules compatible with subchorionic thromboses (SCT; Figure 2). Histopathological analysis of the cystic lesion revealed a large cavity filled with hemorrhagic debris at the base of the umbilical cord (Figure 3). The wall of the cyst was mainly composed of elastic fibers intermingled with scattered smooth muscle cells (Figure 3). Few scattered CD34+ CD31+ D2-40+ endothelial cells were observed close to the lumen of the cyst (Figure 3). Histopathological analysis of the subchorionic nodules confirmed SCT (Figure 4). Concerning the placental villi, MVM and focal IPF were also observed (Figure 4). Histopathological analysis of the membranes revealed stage 1 grade 2 chorioamnionitis (Figure 4). Furthermore, histopathological analysis showed rarefaction of smooth muscle cells at the level of umbilical vessels adjacent to the aneurysmal cyst (Figure 4).


[image: Figure 2]
FIGURE 2
 Gross examination of the placenta of a 29-year-old with stillbirth at 38 WA. (A) Placental examination of the fetal plate revealed a false knot on the umbilical cord (arrow) associated with a large aneurysmal cyst at the insertion of the umbilical cord (arrowhead). (B) At dissection, the aneurysmal cyst was filled with large blood clots (arrowhead). (C) At cut-section, the placental parenchyma showed subchorionic whitish nodules and confirmed the presence of the aneurysm, in relation to the umbilical arteries (arrowhead).



[image: Figure 3]
FIGURE 3
 Histopathological analysis of the aneurysmal cyst of the umbilical cord in a 29-year-old mother with stillbirth at 38 WA. (A) (Hematoxylin Eosin Saffron—HES, × 100): histopathology showed a thick-walled large cyst (asterisk). (B) (HES, × 200)–(C) (Trichrome Blue, × 200): The wall of the cyst is mainly composed of mesenchymal cells and few scattered smooth muscle cells (arrows). (D) (CD34, × 200): Immunodetection of CD34 revealed few endothelial cells at the surface of the cyst (arrow). (E) (D2-40, × 200): Few mesenchymal cells exhibited cytoplasmic positivity after immunodetection (arrow). (F) (CD31, × 200): immunodetection of CD31 revealed few endothelial cells at the surface of the cyst (arrow). (G) (HES, × 200): calcified hemorrhagic debris (arrow) were seen after dissection and sampling of the aneurysmal cyst.



[image: Figure 4]
FIGURE 4
 Histopathological analysis of the placenta in a 29-year-old mother with stillbirth at 38 WA. (A) (HES, × 200): Increased perivillous fibrin (arrow) and distal villous hypoplasia (arrowhead) were seen, indicating maternal vascular malperfusion. (B) (HES, × 200): Subchorionic thrombosis was observed (arrow), characterized by linear deposition of fibrin and red blood cells in the intervillous space adjacent to the fetal plate. (C) (HES, × 400): Histopathology showed evidence of stage 1 grade 2 chorioamnionitis, characterized by neutrophilic infiltration of the decidua parietalis of the membranes (arrows), without amniotic necrosis. (D) (HES, × 200): Histopathology showed rarefaction of smooth muscle cells (arrow) at the level of umbilical vessels adjacent to the aneurysmal cyst, inserted at the fetal plate.


Considering placental pathological examination (MVM, SCT, IPF, aneurysmal thrombosis), previous stillbirth, and previous family history of thromboembolism, the mother was referred to the Department of Hemostasis (University Hospital of Dijon—France) for thrombophilia testing. Blood analysis indicated an antithrombin activity within normal ranges (122%). The protein C resistance test revealed an increased coagulation time of maternal blood with adjunction of activated C protein (35 s before adjunction, vs. 62.9 s after adjunction of activated C protein). Protein S activity was measured at 70% of normal activity. Lupus anticoagulant testing was negative. Further genetic analysis of the maternal blood revealed the presence of heterozygous factor V Leiden mutation (c.1691G>A; p.Arg506Gln), which confirmed thrombophilia (LightCycler® 480 System, Roche—Switzerland). After the episode, the presence of maternal thrombophilia would indicate the necessity for preventive anticoagulant therapy (100 mg of aspirin per day) during pregnancy, associated with low-molecular weight heparin (LMWH) for 6 weeks postpartum.



3. Discussion

Umbilical artery aneurysms remain a very rare yet lethal finding in the placenta, with only six live births (16, 25, 26). To date, including our case, only 18 cases were reported in the literature (16). Two thirds (12/18) of the published cases were associated with a single umbilical artery, and one quarter (4/18) with placental trisomy 18 mosaicism (17, 26–32). The pathophysiology of UAA might be explained by the increased weakness of umbilical arteries at their insertion on the fetal plate, where Wharton's jelly is relatively less abundant, thus favoring the appearance of aneurysms (16, 25, 28). The presence of an increased fetal cardiac output during development might explain the increase in umbilical artery intravascular pressure and the genesis of an aneurysm, in areas of greater elasticity where Wharton's jelly is absent (25, 26, 28). Including our case, 12 out of 18 UAA were located at the insertion of the umbilical cord (16, 25, 28). However, in our case, no evidence of trisomy mosaicism or single umbilical artery was noted.

In all cases of UAA, the cystic appearance of UAA during ultrasonography routine checkups can potentially lead to a misdiagnosis of a non-lethal umbilical cord pseudocyst, patent urachus or omphalocele (29, 33–35). Current guidelines for management of umbilical cord cysts in the second and third trimester imply to perform fetal karyotype testing in order to rule out aneuploidy, due to the frequent association of umbilical cord cysts and chromosomal anomalies such as trisomy 13 or 18 (29, 33). Nevertheless, in the absence of chromosomal anomalies, the presence of a potentially lethal vascular malformation of the umbilical cord should be considered. The potential lethality of such rare lesions of the umbilical cord should raise awareness for the discussion of new up-to-date guidelines on the management of umbilical cord cystic lesions in otherwise healthy fetuses. Scheduled induction of labor and preventive anticoagulant therapy should therefore be considered in large umbilical cord cysts, regardless of the presence of reassuring signs at ultrasonography.

In our case, history of previous stillbirth motivated thrombophilia testing in this patient. Previous studies showed that mothers carrying Factor V Leiden mutation had higher rates of early and late fetal loss during pregnancy (36–38). Histopathological findings in placentas of mothers with thrombophilia, including placental infarcts, MVM, IPF, and avascular villi, provide a partial explanation for chronic placental malperfusion, IUGR, fetal hypoxia and fetal demise (39, 40). In our case, the presence of MVM and IPF could be attributed to maternal Factor V Leiden mutation, without IUGR (eutrophic fetus-−40th percentile). The presence of UAA alone provides an explanation for fetal demise, as very high rates of stillbirth in mothers carrying UAA were observed in the literature. Of note, the occurrence of intra-aneurysmal thrombosis remain poorly explained in the literature. Data concerning UAA showed that compression of surrounding umbilical vessels following the formation of a large-sized aneurysm could lead to vascular thrombosis following altered blood flow (27, 41). In our case, we can hypothesize that the presence of maternal thrombophilia might have facilitated aneurysm thrombosis and acute fetal asphyxia. Few studies have focused on the possible outcomes of umbilical artery thrombosis, which remain a very rare event during pregnancy (42, 43). The association of umbilical artery thrombosis with Factor V Leiden mutation remain controversial in the literature and poorly described (42, 43). Without enough clear evidence of the association between maternal Factor V Leiden mutation and umbilical artery thrombosis, further studies will be required in order to explore putative links between UAA and thrombophilia. As an example, polymorphisms of the angiotensin-converting enzyme gene, involved in preeclampsia, have been demonstrated as risk factors of aneurysm formation and potentially identified as a cause of thrombophilia (44–46).
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Purpose: The aim of this project is the sustainable implementation of a vascular anomalies (VA) program in Tanzania.

Materials and methods: In 2021 the first interdisciplinary VA program was initiated at Muhimbili National Hospital (MNH), Dar Es Salaam, Tanzania in a stepwise approach. During the planning phase the clinical need for minimally-invasive therapies of VAs and the preexisting structures were assessed by the local Interventional Radiology (IR) team at MNH. During the initiation phase, an IR team from two German VA centers joined the interdisciplinary team at MNH for clinical workup, image-guided procedures and follow-up. VA patients were recruited from existing patient records or seen at clinics as de novo presentations following nationwide advertisement. In the post-processing phase joined online conferences for follow-up and support in management of new patients were established. Further follow-up was supported by attending providers from other established VA centers, traveling to bolster the primary operators of MNH.

Results: The first interdisciplinary VA program was successfully launched in Tanzania. Minimally-invasive treatments were successfully trained, by performing ultrasound-guided sclerotherapy with polidocanol and bleomycin in twelve patients with slow-flow malformations, one endovascular embolization of a high-flow malformation, and medical treatment of an aggressive infantile hemangioma. Regular online follow-up presentations have been initiated. Follow-up evaluation and required treatment was sustained when appropriate.

Conclusion: The presented “hands-on” training set the ground for the first interdisciplinary VA program in Tanzania. This framework is expected to establish comprehensive and sustainable care of patients with VAs in East Africa and can serve as a blueprint for other sites.

KEYWORDS
radiology, interventional/education, health services needs and demand, developing countries, Tanzania, interventional/pediatrics, vascular malformations


1. Introduction

Interventional radiology (IR) has evolved rapidly in high-income countries, offering a broad spectrum of minimally-invasive diagnostic and therapeutic options. However, IR is not available to the majority of patients in low and middle-income countries (1). While already severe in adult IR, this disparity becomes even more evident in pediatric IR. Tanzania, an East African country with 60 million people, has a growth rate of approximately 3% and a birth rate of 4.9 births per woman and about 50% of the population being below the age of 18 years (2). Considering these demographics, vascular anomalies (VAs) can commonly be found in Tanzania. In general, the majority of vascular malformations are venous malformations (VM, ∼70%) with 1-2 in 10,000, followed by lymphatic malformations (LM, ∼12%), arterio-venous malformations (AVM, ∼8%) and others, such as capillary or mixed types (3, 4). Overall, 16-48% of VAs can be found in the head or neck region (5). Incorrect classification of VAs as hemangiomas and ineffective treatment is common even in high-income countries, including the risk of harmful treatments of VA (6, 7). In Tanzania, treatment options of VA until now were limited to propranolol, surgery, or interstitial bleomycin injection. Traditional treatments of VAs can be found in rural areas of Tanzania as reported by VA patients, in some cases including incision of the skin and subcutaneous tissues, which puts patients at high risk for infection or bleeding as well as disfiguring scarring. Interdisciplinary minimally-invasive IR treatment strategies of these malformations have not been established in Tanzania and neighboring countries until now (4, 8–11). Therefore, after the successful implementation of the first IR service and training program in Tanzania in October 2018 (12), a multi-departmental training camp to initiate an interdisciplinary VA program in East Africa at MNH was undertaken in November 2021. MNH is a national referral hospital in Daressalam, Tanzania, with a capacity of 1600 beds including surgical, internal medicine, pediatric, neurology and neurosurgery as well as radiology and interventional radiology service.

The goal of this program is to establish an interdisciplinary framework for the diagnosis and treatment of VAs on site, to train the IR team at MNH in interventional therapies of the common types of VA, and to create an interdisciplinary platform for follow up and future therapies.



2. Materials and methods


2.1. Planning phase

In preparation for the on-site training, monthly virtual meetings with the interventional radiology trainees and graduates at MNH, the program coordinator, former visiting IR physicians, and the visiting pediatric IR team were started six months prior.

Videoconferences focused on the following topics:


1.Education in VA diagnostics, treatment (medical, interventional, surgical) and follow-up with lectures and journal club.

2.Recruitment of VA patients from the entire nation – phone calls with regional and district hospitals in Tanzania, review of VA patient records from OMFS.

3.Establishment of a structured VA reporting form for initial patient presentations, treatment documentation and follow-up (Supplementary material).

4.Organizing materials for VA treatment (sclerosants, liquid embolics, catheters) due to very limited access to IR materials in Tanzania.

5.Case discussions for treatment planning during the visit. For case discussions patients were completely anonymized.



For the first implementation of the program, the focus was set to the treatment of facial vascular anomalies. Therefore, the local interdisciplinary VA team was established as followed: (1) interventional radiologists performing pre-interventional clinical assessments and sonography in clinics and the image-guided sclerotherapy or embolization, respectively, (2) oral and maxillofacial surgeons for patient recruitment, clinical assessment, support during image guided therapy, pre- and post-interventional care of patients on the ward and surgical treatment in case of necrosis or other complications, (3) pediatricians and pediatric surgeons for patient recruitment, pre- and post-interventional care of patients on the ward, management of potential complications or second-step resection after complete occlusion of the malformation, and (4) neonatologists for medicamentous and conservative treatment of patients with congenital vascular anomalies, especially hemangiomas.

The visiting IR team consisted of three interventional radiologists and one IR technologist from two academic VA centers in Germany. Recruitment of VA patients for this project was initiated three months prior to the teaching visit in August 2021 in close coordination with the collaborating departments (Figure 1).
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FIGURE 1
Timeline of the establishment of a vascular anomalies treatment program in Tanzania: preparation for the two-week camp, goals during hands-on training, and post-interventional patient care. IR = Interventional Radiology; MNH = Muhimbili National Hospital.




2.2. IR devices

IR devices are expensive and up to date there is no dedicated market for IR material in Tanzania. Therefore, this program largely depends on devices brought along by the visiting teams which are product donations from cooperating companies in the respective home countries. For the future, lower price devices and cooperation with companies are crucial to establish an official selling of material to Tanzania for long term sustainability.



2.3. On-site training phase

In November 2021 the visiting IR team joined the local IR team at MNH. Several lectures including grand rounds on diagnosis and treatment of VA were conducted to educate and integrate IR in the local interdisciplinary setting for this topic. Patients recruited during the planning phase were seen in interdisciplinary clinic, which included the local IR team and collaborating departments. Thorough patient history, clinical examination, review of cross-sectional imaging, and ultrasound assessment of vascular anomalies were performed under supervision of the visiting team with a focus on differentiating characteristics of slow-flow versus high-flow vascular malformations. Imaging protocols and characteristics of VAs on CT and MRI were discussed and trained with the local IR team and radiographers. For diagnosis in accordance with ISSVA classification, consensus was reached between two visiting IR attendings experienced in VA diagnosis and treatment and two local trainees and/or attending IR physicians. Individual cases were discussed by the local IR team, collaborating disciplines (e.g., oral and maxillofacial surgery, OMFS), and the visiting IR team for specific treatment planning. Based on the final recommendations of the interdisciplinary VA clinic, interventions were performed by the local IR team in collaboration with the various surgical disciplines under close supervision of the visiting IR team. Informed consent was obtained from the patient or parent before undergoing treatment.



2.4. Technical implementation

VMs were treated primarily with an ultrasound-guided approach (due to limited availability of fluoroscopy). In case of VMs, ultrasound needles were placed intravascularly within the dysplastic venous network under general anesthesia and a sclerosant was injected under continuous ultrasound visualization. All sclerotherapies were performed by local IR team members (trainees and faculty members) under supervision of the visiting IR team. Embolization of fast-flow malformations was performed in a dedicated angiosuite, equipped with an angiography unit (Artis Zee, Siemens Healthineers, Forchheim, Germany). Embolization of a high flow arteriovenous malformation (AVM) was trained using liquid embolic material.



2.5. Post-treatment phase

All patients were admitted to the hospital and observed for at least one day after the procedure to guarantee sufficient pain management and to control swelling in the head and neck region as the infrastructure for specialized outpatient care is not available in Tanzania. Training included interdisciplinary ward rounds for follow-up management of VA patients. An early follow up was performed after 4 weeks in clinic or remotely via telephone in cases where patients came from far away. Further, management of patients for follow-up appointments and/or additional procedures such as repeated sclerotherapy or surgery after embolization was planned. After completion of the onsite training with the visiting IR team, sustainability was ensured by regular conferences of the MNH local and visiting IR team regarding patients’ follow-up or, if needed, support in management of new patients.



2.6. Follow-up and retreatment phase

All patients treated during initial implementation were in regular contact with a VA team member (OMFS team or IR team). Follow-up of patients at clinics at MNH was planned 4 weeks after the initial therapy including clinical examination and ultrasound assessment. If patients came from far away also telemedicine-type follow up (video calls) was used. Follow-up evaluation was done in conjunction with the multidisciplinary team, and primarily managed by MNH local IR team centering on physical exam (development of the size of the malformation, areas of post-interventional necrosis?) and ultrasound (residual perfused parts of the malformation, low flow vs. high flow). In addition to these findings, foundational outcomes such as pain, cosmesis and function were central to each evaluation and need for follow up. Follow-up presentation was also used to assess the need for further treatment sessions. The majority of these patients for which follow-up treatment was required were recalled, at the time when the next VA trained IR (this time from the USA) was based at MNH. For patients requiring follow-up treatments, the treatment plan was determined, and the patient was either admitted or referred for return during dedicated vascular anomaly operating theater block time. Similar to established VA programs in high-income countries, sclerotherapy is best prescribed as serial therapy in order to gain maximum results and minimize complications. Planned follow-up may require a different sclerosant or method for safety, or in the case of LMIC settings - availability of sclerosants. Continuity of care and management was primarily performed by MNH IR team members with consultation by the visiting IR team. The follow-up plan for each patient was determined prior to discharge from the post-operative ward. Imaging and gross pictures are kept and managed by MNH the local IR team as the primary operator.




3. Results

The first interdisciplinary VA program in East Africa was successfully launched, including establishment of protocols guiding patient referral, evaluation, state of the art treatment, and follow-up. Pre-treatment case discussions and patient recruitment was key for the success of the interdisciplinary VA camp. During the first days of the VA camp patients were seen in clinics and cross-sectional imaging was reviewed. In parallel, the treatments started for low flow malformations.

During this initial training visit a total of eight children and five adults with VAs were treated with an image-guided, minimally invasive approach at MNH. All malformations treated during this first VA camp were localized in the head, face, or neck. Eleven patients presented with VMs (84.6%), two with venous-lymphatic malformations (15.4%), and one with a large high flow AVM of the forehead. The different nature of these vascular anomalies contributed significantly to the learning experience as different treatment approaches were trained (e.g., draining of LMs with subsequent percutaneous image-guided bleomycin sclerotherapy, endovascular embolotherapy for AVM). These cases illustrated well the aim and benefits of image-guided sclerotherapy. All 13 patients received the first session of intravascular percutaneous, image-guided sclerotherapy during this initial teaching visit, with a plan for subsequent sessions during future VA camps with supporting visiting teams. Teaching points such as the correct needle placement and distribution of the sclerosing agent was imaged in real-time on ultrasound Figures 2A, B). The key teaching points were safe intravascular ultrasound-guided needle placement within the dysplastic vessels, aspiration of blood/lymphatic fluid to ensure stable intravascular position of the needle, and subsequent injection of sclerosant with real-time monitoring under ultrasound. Two patients had malformations with lymphatic and venous components (LVM). The lymphatic cysts were drained and bleomycin (up to 10 mg in a concentration of 1 mg/ml) was injected into the cavities (Figure 2C). In these cases, the patient’s charts were reviewed carefully before therapy to ensure that the bleomycin lifetime dose was not violated. The administered bleomycin dose was meticulously documented to assure correct dose calculations within the allowed lifetime dose during follow up treatments. These teaching points aimed for sustainability and safe follow up treatments for the patients. One patient (age: 10 months) presented with a high-flow arteriovenous malformation on the forehead with growth progression. In this case, successful embolization with liquid embolics was performed under general anesthesia followed by surgical resection in March 2022. Teaching points were safe arterial access (4F) through the femoral artery, cautious navigation into the supraaortic arteries avoiding any risks of air embolism, superselective positioning of a microcatheter within the maxillary artery, and embolization of the nidus via the arterial feeders of the AVM in plug-and-push technique with a liquid embolic agent, while avoiding non-target embolization.
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FIGURE 2
(A) Ultrasound-guided needle placement in dysplastic veins of a VM, black arrow points at needle tip. (B) Aspiration of blood (white arrow heads) confirms needle position within dysplastic VM vessels prior to sclerotherapy with polidocanol foam. (C) Aspiration of lymph fluid and (D) aspiration of blood in a mixed-type lymphatic and venous malformation, treatment with bleomycin (for lymphatic cysts) and polidocanol (for venous components). VM = venous malformation.


Patients were admitted to the hospital for minimally-invasive treatment and in-patient treatment was provided for 2-4 days after the interventional therapy, depending on the localization and nature of the vascular malformation. In-patient follow up included laboratory and clinical examinations. No infectious complications and no fever occurred in patients treated with percutaneous sclerotherapy. On the day after sclerotherapy, post-interventional swelling was observed in all patients as expected (pre- and post-treatment examples shown in Figure 3). One patient underwent sclerotherapy of a venous malformation on the upper lip and developed a small, localized necrosis, which did not require further treatment other than close follow up and careful wound management (Figures 3E–H). Another patient developed more severe necrosis of the cheek and nose tip with the need of wound management and plastic surgery. This complication likely could have been avoided with fluoroscopy control (which was not available for sclerotherapy at that time at MNH). However, this offered an opportunity to train management of typical complications with the local interdisciplinary VA team. Access to fluoroscopy for the MNH IR team has since improved and will continue to expand in coming years. No embolization-related complications were observed after the high flow AVM embolization on the forehead. Pre-therapeutic images and angiography are shown in Figure 4. However, the child developed a pneumonia in the first week after the therapy which was most likely attributed to the difficult intubation and prolonged mask ventilation in preparation of the procedure. The child had to be treated on ICU for 3 days, had a quick recovery and was discharged after 4 days. No other complications such as reflex syncope occurred in patients treated with percutaneous sclerotherapy or endovascular embolization, respectively. Details on observed adverse events can be found in Table 1.
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FIGURE 3
(A) Pre-procedural images of a 2-year-old girl who presented to the VA clinic with left cheek swelling due to a VM of the left cheek and face with involvement of the lateral border of the left eye. (B) Post-interventional swelling occurred in this patient as expected. (C) Pre-procedural images of a 3-year-old girl with a VM of the right cheek, the patient underwent prior traditional medicine treatment leaving extensive scars on the right cheek. (D) Post-interventional swelling occurred as expected in this patient. (E,F) Pre- and intra-procedural images of a 2-year-old girl with a VM on the upper lip extending up to the right nostril. (G) After the procedure a swelling occurred, and a slight dark discoloration demarcated on the lip. (H) The small necrosis healed quickly and the proportion below the right nostril already shrunk significantly. All patients need further treatment sessions and close follow-up. VA = vascular anomalies.



[image: image]

FIGURE 4
(A,B) Pre-procedural picture of a clinical examination showing a pulsatile, warm AVM of the forehead with corresponding high flow on doppler ultrasound. (C) CT-images with contrast show a highly vascularized lesion with arterial feeders and venous drainage via the ophthalmic veins. (D,E) Angiographic images of the AVM by contrast administration through the external carotid artery confirm the facial artery as the major feeding vessel. Further, the frontal branch of the temporal artery has small feeding branches. (F) After embolization of the main feeding vessels with liquid embolic material occluding the arterial vascular network, the intravascular cast formed by the liquid embolic agent can be appreciated. The patient underwent subsequent surgical resection of the lesion.



TABLE 1    Patient characteristics and procedural details.

[image: Table 1]


One patient on the neonatology ward presented with an aggressive infantile hemangioma of the cheek and periorbital region leading to a localized steal-effect with subsequent necrosis on the upper lip (Figure 5). Conservative treatment with propranolol p.o. (hemangiol starting dose 0.5 ml for 3 kg child) was initiated and further active surveillance was chosen as treatment strategy for this patient.


[image: image]

FIGURE 5
Neonate with an aggressive infantile hemangioma of the cheek and periorbital region leading to a localized steal-effect with subsequent necrosis on the upper lip. Conservative treatment with propranolol p.o. (hemangiol starting dose 0.5 ml for 3 kg child) was initiated and further active surveillance was chosen as treatment strategy for this patient.


Of the initial 13 patients treated, 12 (92.3%) patients reported improvement of symptoms and only one (7.7%) showed no change in symptoms after therapy at 10 months follow-up. Long-term sustainability of the VA program in Tanzania has been secured by addressing several points: First, treated patients were followed up by the local IR team. Second, ongoing close communication between the visiting IR team, other pediatric IR worldwide and the local IR team via digital (video-) platforms to discuss further treatments and presentation of new patients was ensured. Third and most importantly, on site visits of further specialized pediatric IR teams every two to three months were organized. Until today (10/2022) three further pediatric IR teams have continued to build the VA program at Tanzania onsite. Within the first 12 months after the visit of the first pediatric IR team, a total of 36 further VA procedures were performed at MNH. Fourth, a cooperation with the Society of Pediatric Interventional Radiology (SPIR) was established including reduced membership fees and annual meeting discount for conference participation to MNH IR trainees and graduates.



4. Discussion

Considering the increasing demand for IR procedures in low and middle income countries, strategies to provide structured, accredited, and sustainable on-site training programs aiming to supply fully trained interventional radiologists in these settings are needed (1, 12, 13). While few such programs have been initiated over the past several years, demonstrating on a small scale that this can be achieved, there is need for massive upscaling of these efforts if IR care is to be provided worldwide (12, 14, 15). This especially holds true for pediatric IR, which struggles with even more challenges than adult IR, given the need for more specialized training and equipment to meet the needs of a young patient population (16). Thus, especially low- and middle-income countries and their overall younger populations are confronted with a near-total lack of cost-effective minimally-invasive care, resulting in major long-term consequences for individual patients and their societies at large. In this context, vascular anomalies, as common congenital disease affecting mostly children and adolescents, which can be treated by a range of IR procedures, provide a suitable starting point for implementation of pediatric interventional care along with a variety of other important pediatric IR treatments (e.g., biopsies, nephrostomy tube placement, abscess drainage). The presented study reports on such a program, establishing the first VA treatment center in Tanzania. Emphasis was placed on training the full cycle of care from clinical presentation to diagnosis, treatment, and follow-up. The most common types of VAs were diagnosed and treated by local IR team members during this half-year (and ongoing) theoretical and case-based educational program including a two-week VA training camp under the supervision of an experienced visiting IR team. The interdisciplinary framework for VA treatment was successfully launched for sustainable integrated VA treatment in close collaboration with OMFS, pediatric surgery, pediatrics and neonatology, thereby enabling Tanzanian IR team members to independently build up specialized VA-care over the total cycle of care. To ensure homogeneity of the patient cohort for teaching purposes, the focus of this first implementation was set to the treatment of facial VA, since most VA are located there (7). However, a majority of vascular malformations is also located at the extremities causing pain, swelling and immobility emphasizing the need to expand the vascular anomalies team in the future (7). In detail, the interdisciplinarity of the program will be further extended with the aim to include plastic and reconstructive surgery, ENT/head and neck surgery, orthopedics, dermatology and medical oncology as the next step. Exemplarily, first patients with VAs of the extremities have been treated at MNH in 2022. Thereby, the presented strategy on the one hand increases sustainability and independence from visiting IR specialists and on the other hand aims to foster IR not only as a diagnostic but also treating specialty in the center of interdisciplinary teams improving patient care for this complex condition. IR is recognized for providing minimally-invasive, cost-effective care (17). This holds especially true for VA treatment and investment in IR personnel and equipment may help to reduce costs in the long run in low- and middle-income countries such as Tanzania, as current strategies include sending VA patients to India for treatment on government expenses with costs of up to 10,000 USD per treatment. Moreover, it should be emphasized that having strong IR in one country will have positive effects on IR everywhere, but particularly in neighboring countries (13). For instance, the local IR team in Tanzania also consists of IR team members from other African countries such as Nigeria and Rwanda, established or plan to establish IR in their home countries after finishing the training program in Tanzania, making the program a nucleus for spreading IR in Africa (18). Maintenance of digital communication of experienced IR teams from the US and Europe with the local IR team members ensures ongoing education and consultation for new patients. Inclusion and active involvement of African IR team members in international societies such as the Society of Pediatric Interventional Radiology (SPIR) ensures access to scientific and educational content with the goal of keeping VA treatment algorithms up to date.

One major limiting factor for sustainability is the lack of a dedicated market for IR devices for Tanzania. Due to this fact, the IR program largely depends on devices brought along by the visiting teams which are product donations from cooperating companies in the respective home countries. For the future, lower price devices and cooperation with companies are crucial to establish an official selling of material to Tanzania for long term sustainability.

In summary, we report on the successful establishment of a sustainable, highly specialized IR guided interdisciplinary VA team in Tanzania, which can serve as a model for further expansion of pediatric and adult IR care in low- and middle-income countries. Establishment of minimally-invasive image-guided treatments in the field of congenital anomalies contributes to the major goal of providing equal care worldwide.
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Background: In previous observational studies, green tea intake has been demonstrated to protect against arterial embolism and thrombosis. However, whether there is a causative connection between green tea intake and arterial embolism and thrombosis is currently unclear.

Methods: A two-sample Mendelian randomization (MR) study has been designed to explore whether there is a causal association between green tea intake and arterial embolism and thrombosis by acquiring exposure and outcome data from previously published research. Data from the MRC-IEU (data on green tea intake, 64,949 participants) consortium and the FinnGen project (data on arterial embolism and thrombosis, 278 cases of arterial thrombosis and 92,349 control participants) has been utilized to determine the causal impact of green tea intake on arterial embolism and thrombosis.

Results: We found that genetically predicted green tea intake was causally associated with a lower risk of arterial embolism and thrombosis (IVW odds ratio [OR] per SD decrease in green tea intake = 0.92 [95% confidence interval, 0.85–0.99]; p = 0.032). Moreover, the sensitivity analysis (both MR Egger regression and weighted median) yielded comparable estimates but with low precision. No directional pleiotropic effect between green tea intake and arterial embolism and thrombosis was observed in both funnel plots and MR-Egger intercepts.

Conclusions: Our study provided causal evidence that genetically predicted green tea intake may be a protective factor against arterial embolism and thrombosis.

KEYWORDS
 green tea intake, arterial embolism and thrombosis, Mendelian randomization, ischemic heart disease, stroke, genome-wide association study


1. Introduction

Arterial embolism and thrombosis is the formation of a blood clot inside an arterial blood vessel or the arterial thrombus coming from the heart, proximal arterial wall, or other sources, leading to the obstruction of blood flow in the arterial circulatory system, (1) acting as the cause of ischemic heart disease and stroke and the most common causes of death in the developing and developed countries (2, 3). Despite numerous advances in diagnosis and treatment, arterial embolism, and thrombosis remain a challenge for clinicians. Many lifestyle factors are involved in the occurrence and development of arterial embolism and thrombosis, such as diet, smoking, and physical inactivity (4). Therefore, the primary prevention for the risk of arterial thrombosis may be crucial.

The effects of green tea intake on reducing arterial thromboembolic risk have been proved by many observational studies. However, the findings and conclusions of those studies are partly contradictory. The results of a meta-analysis of observational evidence from prospective studies (5) revealed a reduced risk of coronary heart disease (CHD) associated with an increased green tea consumption of three cups per day (risk ratio 0.73, 95% CI 0.53–0.99), cardiac death (0.74, 95% CI 0.63–0.86), stroke (0.82, 95% CI 0.73–0.92), and mortality (0.76, 95% CI 0.63–0.91). Similarly, another meta-analysis, which enrolled both observational and randomized trials, showed a lower risk of stroke and myocardial infarction in patients with higher tea consumption (6). However, some other studies found that green tea intake indeed increases cardiovascular disease risk. Zahra Gaeini et al. suggested that each 1 cup/day increased habitual consumption of tea was related to a 4 and 14% increased risk of cardiovascular disease (7). Nevertheless, other unmeasured lifestyle components, like other underlying disorders, physical activity, or smoking habits, may have impacted these findings. Therefore, it remains unclear whether green tea consumption is causally associated with arterial embolism and thrombosis.

Mendelian randomization (MR), (8) which employs genetic variants as instrumental variables, is an epidemiological approach that avoids potential confounders or reversing causality. According to Mendel’s second law, this method is not susceptible to reverse causality or confounding, analogous to a randomized trial where randomization to genotype occurs at conception. Consequently, MR is a powerful predictive tool for assessing causal associations, as shown in Figure 1 (9).

[image: Figure 1]

FIGURE 1
 Schematic representation of our MR analysis.


The SNPs associated with hypertension were selected from the MRC-IEU and the corresponding effect for these SNPs was estimated based on the effect of ED. MR is a powerfully predictive tool to test causal associations without any bias inherent to observational study designs due to the randomization and independence of alleles at meiosis.

In this study, through two-sample MR analysis, we investigated the causal association between green tea intake and arterial thrombosis using data from a genome-wide association study (GWAS) (10). We measured the association of 11 single nucleotide polymorphisms (SNPs) for green tea consumption with an arterial embolism and thrombosis study of 278 cases and 92,349 controls from the FinnGen project.



2. Methods


2.1. Overall study design

The MR data analyzed in this study were taken from our previous work and the institutional review board had given its approval to each of the published studies. Therefore, there was no need for further approval in the present study (11). Here, two-sample MR was used to investigate the causal association between gene-risk factors (e.g., Green tea intake) and gene outcome (e.g., arterial embolism and thrombosis) (12).



2.2. Data sources


2.2.1. SNPs identification associated with green tea intake

The SNPs associated with green tea intake were identified from 64,949 individuals from the MRC-IEU Traits consortium based on the European populations (Output from GWAS pipeline using Phesant derived variables from UKBiobank), which was the most recent GWAS on green tea intake when we started the MR analysis. In the original GWAS study, the green tea intake was reported as a categorical ordered variable (cups of green tea) with no covariates considered in their model in the UK Biobank (data field: 100420). The summary statistics were generated following the exclusion of samples of poor quality and the original questionnaire divided the number of cups of tea into 0, 1, 2, 3, 4, 5, and ≥ 6 cups. As mentioned in the original study, one cup means 250 mL. A detailed description of the study design, including quality control procedures and statistical analyses, is available at http://www.nealelab.is/uk-biobank/.



2.2.2. Study outcome: Arterial thrombosis

The SNPs of arterial embolism and thrombosis were obtained from the FinnGen project (FinnGen), which can be found at https://gwas.mrcieu.ac.uk/datasets/finn-a-I9_ARTEMBTHR. There were 278 cases of arterial thrombosis and 92,349 people who served as controls in this study, which has been permitted by their institutional review board, and all participants gave their informed consent as part of their original study.




2.3. Statistical analysis

We selected SNPs independent with a genome-wide significance, by following these criteria: First, the selected SNPs were significantly associated with green tea intake based on a genome-wide significance threshold (p < 5.0 × 10−8); (13). Second, SNPs in linkage disequilibrium with r2 < 0.001 and distance >10,000 kb were excluded (14, 15). Third, those SNPs weakly associated with instruction variants and green tea intake were excluded.

Due to no available individual-level GWAS data, the two-sample MR was used to estimate the effect of green tea on arterial thrombosis. Assumptions of MR are violated by horizontal pleiotropy (16), which is a mechanism by which genetic variants can influence the outcome rather than just exposure. Therefore, three methods (IVW, Weighted median, and MR Egger regression) were used as a safeguard against this in the present MR analysis (17).

Different horizontal pleiotropy models underlie each analytical approach. The consistency of all three methods can help us ensure that our conclusions are solid (18). The study’s statistical coding and related data are available from the corresponding author based on your reasonable request. R version 4.0.3 (2020-10-10; The R Foundation for Statistical Computing, Vienna, Austria) was used for all statistical analyses (19).




3. Results


3.1. Genetic factors for green tea consumption and arterial embolism and thrombosis

The SNPs associated with green tea consumption and arterial embolism and thrombosis are summarized in Table 1. Eleven new genetic instruments had never been used in any previous research. The effects of the variant in green tea consumption on the risk of arterial embolism and thrombosis are shown in Figures 2, 3.



TABLE 1 List of genetic instruments.
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FIGURE 2
 Scatter plot to visualize the causal effect of hypertension on the risk of ED. The slope of the straight line shows the magnitude of the causal association. IVW indicates inverse-variance weighted; and MR, Mendelian randomization.
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FIGURE 3
 Forest plot to visualize the causal effect of every single SNP on ED. MR indicates Mendelian randomization.


To evaluate the causal relationships between genetically predicted green tea consumption and arterial embolism and thrombosis, weighted median regression, IVW, and MR-Egger were utilized, as shown in Figures 2, 3. All three MR methods found broadly consistent support for a negative correlation between arterial thrombosis and consumption of green tea, suggesting that green tea consumption was causally associated with arterial embolism and thrombosis (IVW odds ratio = 0.92 per SD increase in green tea consumption [95% CI, 0.85–0.99]; p = 0.032). The MR Egger regression likewise yielded estimates that were also directionally similar (MR—Egger OR per SD increase in green tea consumption, 0.85 [95% CI, 0.75–0.98], p = 0.045).



3.2. Analysis of horizontal pleiotropy

In the present MR analysis, the Funnel plot, MR-Egger intercept, and MR pleiotropy test were used for the detection of horizontal pleiotropy. The individual Wald ratios for every SNP plotted against their precision are displayed by Funnel plots, with asymmetry exhibiting directional horizontal pleiotropy. Nevertheless, it should be highlighted that assessing funnel plots for symmetry is challenging when only a few genetic instruments are utilized, as shown in Figure 4. In this research, there is no evidence of considerable directional pleiotropy for arterial thrombosis using the MR-Egger intercept and MR pleiotropy test (both p > 0.05), suggesting the association between green tea consumption and arterial embolism and thrombosis has no directional pleiotropic impacts.

[image: Figure 4]

FIGURE 4
 Funnel plots to visualize the overall heterogeneity of MR estimates for the effect of hypertension on the risk of ED. IVW indicates inverse-variance weighted, and MR indicates Mendelian randomization.




3.3. Effects of individual genetic instruments on arterial embolism and thrombosis

Leave-one-out analyses were carried out to see how each SNP affected the overall causal estimate. When individual SNPs were systematically eliminated and the MR analyses were performed again, no significant disparity in the estimated causal effect was observed, as shown in Figure 5. Thus, the projected effects could not be attributed to any single genetic instrument.

[image: Figure 5]

FIGURE 5
 Leave-one-out plot to visualize the causal effect of hypertension on the risk of ED when leaving one SNP out MR indicates Mendelian randomization.




3.4. Three assumptions of MR analysis

Three other assumptions should be satisfied. Firstly, the instruction variants must be associated with green tea intake (Assumption 1). In the present MR analysis, we only SNPs with a genome-wide significance threshold (p < 5.0 × 10–8) to satisfy assumption 1. Secondly, the instruction variants affect the risk of arterial embolism and thrombosis only via green tea intake (Assumption 2). We performed MR Egger regression and no evidence of directional pleiotropic effects was observed in our study. Thirdly, confounders were not involved in the IVs, including the measured or unmeasured ones (Assumption 3), which was satisfied that both the exposure and outcome GWAS were finished in the European ancestry populations. Therefore, the heterogeneity of our population is relatively low.




4. Discussion

In the present study, we used an MR method to investigate the causal association between green tea intake and arterial embolism and thrombosis in a European ancestry population. Our results show that genetically determined green tea intake is causally associated with decreased arterial thromboembolic risk, which is in line with previous observational research. Our findings suggest that green tea intake may be a modifiable protective factor for arterial embolism and thrombosis.

Multiple studies have shown that lifestyle interventions are effective in reducing arterial thrombotic diseases, especially for high-risk individuals (16). Recently, the Framingham Offspring Study (20) found similar results: participants with intermediate or ideal cardiovascular health were 33% less likely to develop hypertension and 25% less likely to develop cardiovascular diseases than individuals who had poor cardiovascular health in the past 5 years (21). Therefore, lifestyle intervention plays an important role in reducing the risk of cardiovascular diseases and has become a hotspot for recent research.

The preventive function of green tea on arterial thrombosis has been proved by many observational studies (22). Pang et al. evaluated the association between green tea consumption and the risk of ischemic-related diseases, and a total of nine studies on Japanese were included in their meta-analysis (6). Individuals who did not consume green tea had a 19, 24, and 15% increased risk of cardiovascular diseases, intracerebral hemorrhage, and cerebral infarction when compared with those who consume one cup of green tea per day, respectively. In addition, individuals who drank 1–3 cups of green tea per day had a 19 and 36% reduced risk of myocardial infarction and stroke when compared to those who drank 1 cup/per day, respectively. Furthermore, individuals who drank ≥4 cups/day had a 32% reduced risk of myocardial infarction when compared with those who drank 1 cup/day. However, all of those studies are observational and these results may have been affected by other confounding factors.

Our MR analysis is a contribution to make up for this deficiency of observational studies on the relationship between green tea intake and arterial thrombosis, avoiding being affected by confounding or reverse causation (23). Therefore, in our present study, we used the two-sample MR method to find the causal associations based on the summary data from the biggest GWAS studies for green tea intake (n = 64,949) and arterial thrombosis (up to 278 arterial thrombosis cases and 92,349 control) in European ancestry people. In this sensitivity analysis, the directional pleiotropy was estimated using three distinct approaches: weighted median regression, IVW, and MR-Egger. The consistency of the three methodologies suggested that our results were credible. Since one’s genetic variations are stable over a lifetime, the results of MR symbolize a lifetime protective impact of high green tea consumption against arterial embolism and thrombosis. Myocardial infarction and stroke are the most important and severe clinical manifestations of arterial thrombosis. Hence, identifying the potential protective factor of arterial thrombosis may be more effective in lowering the risk of myocardial infarction and stroke recurrence as well as occurrence. Exploring the causal association between green tea consumption and arterial embolism and thrombosis, in other words, could be very useful for clinical and social purposes.

Several possible mechanisms may explain the protective effect of green tea intake on the risk of arterial embolism and thrombosis. Grassi et al. measured brachial artery flow mediated dilation (FMD) in healthy individuals, which showed that drinking tea can improve endothelial function, suggesting that endothelial dysfunction may play a crucial part in arterial thrombosis pathogenesis (24). In addition to arterial thrombosis, green tea intake also plays an important part in other cardiovascular diseases. Widlansky et al. reported that acute epi-gallocatechin-3-gallate (EGCG) supplementation can improve brachial artery FMD in patients with cardiovascular disease and green tea is rich in acute EGCG (25). Redford demonstrated that the KCNQ5 voltage-gated potassium channel contributes activation to vasodilation by green tea, leading to lower blood pressure (26). A meta-analysis by Yarmolinsky et al., focusing on randomized controlled trials of at least 8 weeks and aiming for secondary prevention of hypertension among prehypertensive or hypertensive persons, showed statistically significant reductions in blood pressure with green tea or tea extract consumption (27). In addition, green tea has positive biological activities against chronic diseases such as cancer, metabolic syndrome, and type 2 diabetes, antibacterial and antiviral activity, protection against UV radiation, an increase of bone mineral density, and antifibrotic and neuroprotective properties (28–31). We still need to further study the potential mechanism of green tea intake for reducing arterial thrombosis. Thrombosis is a complex condition that arises from the interplay of genetic and environmental factors. The contribution of green tea intake to thrombus formation may be mediated by its impact on environmental factors, in addition to genetic factors. Therefore, it is important to consider both genetic and environmental factors when exploring the potential impact of green tea intake on thrombosis.

The major strength of our study is that the two-sample MR design can avoid potential confounding factors (9). To meet the assumptions of the MR analysis, some important measures were taken: Only SNPs at genome-wide significant levels showing a valid association with green tea intake were employed in our MR analysis for ensuring the legitimate link among risk variables and SNPs (such as green tea intake in our research). In our study, only SNPs were used if they showed sufficient genome-wide significance in European populations. Hence, we assume that the potential confounders in this research are very low. For ensuring that SNPs merely impact arterial thrombosis from green tea consumption (no pleiotropic effects), weighted medium and MR Egger regression were carried out, and no indication of directional pleiotropic effects was found in this finding.

However, it should be pointed out that excessive green tea consumption may have adverse health effects, including on the kidneys. In the present study, we have included individuals with a wide range of green tea intake, up to six or more cups per day. While we did not observe any significant associations between green consumption and adverse health outcomes within this range. It should be noted that our findings should not be extrapolated to higher levels of green tea intake.

We just utilized sum-level statistics in our analysis, not individual-level data, which could be a limitation. Therefore, we will not be able to investigate the causal relationship among subgroups, for instance, men, women, or one cup per day and two cups per day. Besides, it is well known that the risk factors are various in different races and ethnicities (32). And Finns have a unique genetic structure and profile compared to other European populations. Therefore, the conclusion should be further reconfirmed by using outcome data from the latest GWAS on European ancestry. Most importantly, the OR may always exaggerate the size of the effect compared with relative risk (33). However, the incidence of arterial embolism and thrombosis was only 0.3% [278/(278 + 92,349)] in the included populations, which is much lower than 5%. Therefore, we consider the OR and relative risk to be approximately equal in this study.



5. Conclusion

In summary, our study found that genetically predicted green tea intake may be causally associated with a lower risk of arterial embolism and thrombosis. And the conclusion also needs to be further reconfirmed in the future.
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Thrombotic primary antiphospholipid syndrome (t-PAPS) is an acquired condition characterized by heterogeneous thrombotic manifestations, which is intriguing since venous and arterial thrombosis appear to have distinct pathogenesis. Gene expression analysis may constitute a new approach to evaluate potential similarities or differences between the clinical manifestations of t-PAPS. Recently, dysregulation of the ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 genes has been associated with both arterial and venous thrombosis in the general population. Therefore, the aim of this study was to examine whether ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 expression was associated with t-PAPS. Gene expression was quantified by qPCR of total leukocyte mRNA. In this case-control study, 102 t-PAPS patients, 17 asymptomatic antiphospholipid (aPL) carriers and 100 controls were evaluated. Increased expression of ANXA3 (P = 0.008) and TNFAIP6 (P = 0.001) and decreased expression of the TXK gene (P = 0.0001) were associated with an increased risk of t-PAPS compared to the control. ANXA3 upregulation was more evident in cases of arterial thrombosis and multiple thrombotic events. There was no difference in the expression of these genes between triple and non-triple aPL positivity. ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 expression levels were also similar between aPL carriers and controls (P = 0.77; P = 0.48; P = 0.08; P = 0.73, and P = 0.13, respectively). In conclusion, our results showed that genes related to hemostasis (ANXA3) and immunity (TNFAIP6, TXK) are dysregulated in t-PAPS compared to controls. Gene dysregulation was not detected in aPL carriers and was not related to the aPL profile, suggesting that this gene signature is related to thrombotic manifestations rather than to aPL burden. Our results suggest that innate immunity and hemostasis pathways are associated with t-PAPS at a molecular level and may play a role in disease severity.
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Introduction

Antiphospholipid syndrome (APS) is an acquired prothrombotic condition characterized by thrombosis or pregnancy complications (1) due to the presence of antiphospholipid antibodies (aPLs). These antibodies are directed against phospholipid-binding proteins, particularly beta2-glycoprotein I, found in cell membranes, including monocytes, platelets, and endothelial cells (2, 3). In primary APS (PAPS), there is no underlying systemic autoimmune disease.

The activation of platelets, monocytes, and endothelial cell membranes by aPLs leads to a hypercoagulable state (4), which is further enhanced by a secondary stimulus (second trigger), such as oral contraceptive use, infectious or inflammatory diseases, hypertension, and dyslipidemia (4, 5), resulting in thrombotic events. PAPS-associated thrombosis (t-PAPS) is one of the few thrombotic disorders that occurs indistinctly in veins, arteries or capillaries, affecting different organs and tissues (6).

Although t-PAPS is described as a single disease, arterial and venous complications differ in pathology, clinical course, treatment and prognosis, suggesting that different mechanisms underlie these thrombotic complications. Recently, studies aimed at evaluating the vascular impairment of t-PAPS have shown that aPLs can induce changes in the expression of genes associated with procoagulant and proinflammatory markers, leading to a prothrombotic state (7). Therefore, gene expression analysis may be a new approach to study the etiology of thrombosis in APS.

Recently, the profile of genes associated with venous and arterial thrombosis in the general population (not associated with APS) was evaluated by meta-analysis (8). In this study, five databases were analyzed and gene expression levels in whole blood from patients with venous thrombosis or arterial cardiovascular disease were compared with gene expression levels in controls. A total of 124 genes showed differential expression levels between these diseases. A further 473 genes had altered expression in the same direction in venous and arterial disease (168 upregulated and 305 downregulated). Of these, six genes were most strongly associated with both venous and arterial thrombosis: G0S2, BCL2A1, TNFAIP6 (upregulated), CLIC3, BACH2, and TXK (downregulated). The results of the meta-analysis suggest that a specific gene profile may be associated with the occurrence of both arterial and venous thrombosis in patients without APS.

Comparing the results of the meta-analysis described above (8) with the results of previous APS studies (9, 10), we found that the genes ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 are differentially expressed in both venous and arterial thrombosis as well as in APS compared to healthy subjects. Considering that the heterogeneity of t-PAPS manifestations cannot be explained by a single prothrombotic mechanism, it is possible that a gene signature underlies the occurrence and severity of thrombosis in PAPS.

In this context, the primary aim of this study was to determine the expression in patients with t-PAPS of genes previously associated with both arterial and venous thrombosis in the general population. We also investigated whether these genes are dysregulated in asymptomatic aPL carriers.



Materials and methods


Study design and participant selection

In this case-control study, we initially included consecutive patients with t-PAPS treated at the Hematology and Hemotherapy Center of the University of Campinas–Hemocentro-UNICAMP and individuals without a history of thrombosis (controls). Subsequently, asymptomatic aPL carriers were also included in the study. The study was approved by the local Ethics Committee (CAAE: 14902019.1.0000.5404), and the procedures were only performed after a signed informed consent form was obtained from patients.

We included patients with confirmed APS, a history of at least one previous thrombotic event within the previous 10 years. Cancer, pregnancy, isolated obstetric APS, systemic autoimmune diseases and infectious diseases were reasons for exclusion. APS diagnosis was confirmed based on the Sydney criteria (11).

Individuals with no previous history of thrombotic events and negative aPL results (called controls) were selected. Controls were recruited among people from the same geographic region as the patients and matched to them according to sex and age group (± 5 years). Controls were selected among students, university staff and voluntary blood donors. Previous venous thrombosis, stroke, myocardial infarction, neoplasia, and pregnancy were reasons for exclusion. Individuals with persistently positive aPL results and no previous history of thrombosis or obstetric complications suggestive of APS were selected as asymptomatic aPL carriers. aPL carriers group was composed of asymptomatic patients under investigation of prolonged activated partial thromboplastin time (aPTT), immune thrombocytopenia (ITP) patients treated at the same center as t-PAPS or among healthy controls whose aPL tests were positive. Only individuals without signs of infection or acute inflammation were tested for aPL. As part of the diagnosis criteria (11), aPL positivity was confirmed after a 12-week interval. Exclusion criteria were the same as for healthy controls.

Patients, controls and aPL carriers answered a questionnaire about their demographic data, habits, health status and use of medication. Information regarding clinical data was also obtained by consulting the electronic medical record.



Laboratory procedures and mRNA expression of selected genes

Blood samples were collected upon inclusion into anticoagulant ethylenediaminetetraacetic acid (EDTA)-containing tubes. The samples were processed within 2 h of collection, the red blood cells were lysed with a buffer containing ammonium chloride and ammonium bicarbonate and centrifuged in a refrigerated centrifuge at 4°C, and the leukocyte layer was separated for RNA isolation. Samples were stored at −80°C until analysis.

As mentioned above, the relative expression of the five genes of interest was investigated in t-PAPS patients. These genes were selected among those described in a recent meta-analysis that evaluated genes with concordant regulation in arterial and venous thrombosis (8). The ones most associated with arterial and venous thrombosis, three upregulated (ANXA3, TNFAIP6, and SERPINB2) and two downregulated (TXK and BACH2), were selected to be validated in thrombotic APS.

TRIzol™ reagent (Invitrogen™) was used to isolate mRNA from total leukocytes, following the manufacturer’s instructions. Next, samples were transcribed into cDNA using the RevertAid First Strand cDNA Synthesis Kit® (Thermo Scientific™). The order and steps of incubation were performed according to manufacturer’s instructions.

The primers used in the real-time quantitative PCR (qPCR) reaction were designed in the Gene Runner program (Supplementary Table 1). We verified the specificity, dissociation temperature, and formation of secondary structures of the primer pair. The slope of a standard curve is commonly used to estimate the amplification efficiency of a real-time qPCR. The estimated efficiency (EFF) calculation for a real-time PCR assay is EFF = (10−1/slope−1)×100 (12). An ANXA3 calibration curve was obtained at a primer concentration of 150 nM [slope −3.4, correlation coefficient (CC) = 0.99 and EFF 93%], TNFAIP6 at 150 nM [slope −3.3, CC = 0.99, and EFF 99%], TXK at 150 nM [slope −3.3, CC = 0.99 and EFF 98%], BACH2 at 150 nM [slope −3.4, CC = 0.99 and EFF 95%], SERPINB2 at 300 nM [slope −3.3, CC = 0.98 and EFF 99%], RHOA at 150 nM [slope −3.2, CC = 0.99 and EFF 104%], and EEF2 at 150 nM [slope −3.3, CC = 0.99 and EFF 99%]. Relative expression of genes was normalized using EEF2 and RHOA as reference genes. Real-time amplification detection was performed using a real-time PCR thermocycler (QuantStudio 6 and 7–Thermo Fisher Scientific). Negative controls (NTC–No Template Control) were pipetted into all plates (wells containing only SYBR and primers) without the addition of cDNA to verify the absence of contamination. Reactions were performed in 96-well plates (Applied Biosystems) sealed with optical adhesives (Applied Biosystems). The relative expression was denoted as an “arbitrary unit” (AU).



Statistical analysis

Descriptive analyses were performed using frequency tables for categorical variables and position and dispersion measures for numerical variables, which were expressed as the mean and standard deviation (if the variable was normally distributed) or median and interquartile range [IQR] (if the variable was non-normally distributed).

To compare relative mRNA expression between two groups, we used either a parametric t-test or a non-parametric Mann-Whitney test, depending on the distribution of values (normal vs. non-normal). For the correlation between two variables, a non-parametric test of the Spearman rank correlation coefficient was used.

Logistic regression models were used to evaluate the association between relative ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 mRNA expression and t-PAPS. Next, patients with t-PAPS were divided into 3 subgroups: (i) venous thrombosis or arterial thrombosis; (ii) single thrombotic event or multiple thrombotic events; and (iii) non-triple aPL-positive or triple aPL-positive. Logistic regression models were used to identify the association between mRNA expression and the subgroups, using the control group as a reference. The results were expressed as odds ratios (ORs) and 95% confidence intervals (CIs).

SPSS version 25.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. GraphPad Prism version 8.0 (GraphPad Software Inc., La Jolla, CA, USA) was used for graph plotting.




Results


Patient’s selection and clinical characteristics

A total of 219 participants were included in the study: 102 t-PAPS, 100 healthy controls and 17 asymptomatic aPL carriers. Figure 1 illustrates the flowchart of the selection process of controls and patients, as well as the reasons for exclusion from the study.
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FIGURE 1
Flowchart of the selection process of study participants. Legend: The flowchart illustrates the number of individuals who were approached (n = 247), the excluded participants and the reasons for exclusions, the final number of individuals who were included in the study (n = 219) and the distribution between the groups. t-PAPS, primary thrombotic APS; aPL, antiphospholipid antibodies; *n, absolute number.


Participants’ demographic, clinical and laboratory features are shown in Table 1. Cardiovascular risk factors were more prevalent in t-PAPS than in asymptomatic aPL carriers or controls. Most t-PAPS and asymptomatic aPL carriers were positive for lupus anticoagulant, while 22% of t-PAPS and 29% of asymptomatic aPL carriers were triple positive for aPLs. Details on APS-associated thrombotic events are presented in Table 2. The median age at the time of the first thrombosis was 35 years old [IQR 25–48], 60% of thrombotic events were unprovoked, 72% were venous and 28% arterial thrombosis. The first thrombotic event was deep vein thrombosis in 42% of the patients, ischemic stroke in 25%, pulmonary thromboembolism (PE) in 15%, and cerebral venous thrombosis in 12%. Portal vein thrombosis, acute myocardial infarction, intestinal thrombosis and retinal thrombosis occurred in 6% of the patients. A total of 36% of the patients had multiple thrombotic events. The median time elapsed between thrombotic events was 47 months [IQR 12.0–91.5].


TABLE 1    Demographic, clinical and laboratory features of the study participants.
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TABLE 2    Thrombotic manifestation in patients with t-PAPS.
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ANXA3, TNFAIP6, and TXK are differentially expressed in patients with t-PAPS as compared to the control group

When comparing relative mRNA expressions, t-PAPS patients had higher levels of ANXA3 and TNFAIP6 and lower levels of TXK than healthy controls [P = 0.005; P = 0.002, and P = < 0.0001, respectively]. There were no statistically relevant differences between groups in BACH2 and SERPINB2 levels (Figure 2, panel A). Consequently, increased ANXA3 and TNFAIP6 mRNA expression and decreased TXK mRNA expression were associated with a higher risk of t-PAPS (Figure 2, panel B).


[image: image]

FIGURE 2
Panel (A) comparative graphs of the expression of genes related to thrombosis. Relative expression in total leukocytes of the genes: (A) ANXA3, (B) TNFAIP6, (C) TXK, (D) BACH2, and (E) SERPINB2. To illustrate the graphs above, mean and SD were used, and P-values were calculated using Student’s t-test. t-PAPS = primary thrombotic APS. The mean ANXA3 mRNA expression was 1.17 AU [95% CI 1.03–1.33] in controls and 1.64 AU [95% CI 1.36–1.93] in t-PAPS [P = 0.005]. The mean TNFAIP6 expression was 1.10 AU [95% CI 0.92–1.29] in controls and 2.84 [95% CI 1.89–3.89] in t-PAPS [P = 0.002]. The mean TXK expression was 1.47 AU [95% CI 1.30–1.66] in controls and 1.00 AU [95% CI 0.88–1.12] in t-PAPS [P = < 0.0001]. The mean BACH2 expression was 1.45 AU [95% CI 1.25–1.65] in controls and 1.27 AU [95% CI 1.03–1.52] in t-PAPS [P = 0.27]. Finally, the mean SERPINB2 expression was 1.19 AU [95% CI 1.07–1.31] in controls and 1.17 AU [95% CI 0.89–1.44] in t-PAPS [P = 0.89]. Panel (B) association of ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 relative expression with t-PAPS diagnosis. Increased ANXA3 mRNA expression [OR = 1.57; 95% CI 1.13–2.18; P = 0.008] and TNFAIP6 expression [OR = 1.64; 95% CI 1.23–2.18; P = 0.001] and decreased TXK mRNA expression [OR = 0.36; 95% CI 0.22–0.59; P = 0.0001] were associated with a higher risk of t-PAPS compared with controls. BACH2 and SERPINB2 mRNA expression was not associated with t-PAPS [OR = 0.87; 95% CI 0.67–1.12; P = 0.28 and OR = 0.98; 95% CI 0.75–1.3; P = 0.89, respectively]. OR, odds ratio; CI, confidence interval; t-PAPS, primary thrombotic APS. **P < 0.01 and ****P = < 0.0001.


In addition, as shown in Figure 3, the mRNA expression levels of ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 were similar between asymptomatic aPL carriers and controls. [P = 0.77; P = 0.48; P = 0.08; P = 0.73, and P = 0.13, respectively].
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FIGURE 3
Comparative graphs of the expression of genes related to thrombosis. Legend: Relative expression of the genes (A) ANXA3, (B) TNFAIP6, (C) TXK, (D) BACH2, and (E) SERPINB2 in total leukocytes was evaluated in aPL carriers compared to controls. Median and IQR were used by the Mann-Whitney test. aPL, asymptomatic aPL carriers (aPL +). The median relative expression of the ANXA3 gene was 1.04 (IQR 0.60–1.61) in control subjects and 1.18 (IQR 0.34–1.78) in aPL + subjects. The relative expression of TNFAIP6 was 0.86 (IQR 0.55–1.32) in controls and 1.38 (IQR 0.49–2.84) in aPL +. The relative expression of TXK was 1.33 (IQR 0.95–1.77) in controls and 1.02 (IQR 0.65–1.59) in aPL + patients. BACH2 relative expression was 1.32 (IQR 0.86–1.68) in controls and 1.38 (IQR 0.82–1.80) in aPL +. Finally, the relative expression of SERPINB2 was 1.07 (IQR 0.76–1.45) in controls and 0.95 (IQR 0.38–1.35) in aPL +.




Elevated ANXA3 expression tends to be associated with arterial thrombosis and multiple thrombotic events

The association of ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 mRNA expression with the type of thrombosis (arterial or venous) in t-PAPS is shown in Figure 4, Panel A. ANXA3 mRNA upregulation was more evident in arterial thrombosis than in venous thrombosis when compared with controls. The relative expression of the other genes did not differ significantly between arterial and venous t-PAPS compared to controls.
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FIGURE 4
Panel (A) association between the relative expression of the study genes and arterial or venous thrombosis in t-PAPS. Panel (B) association between the relative expression of the study genes and a single thrombotic event or multiple events in t-PAPS. Panel (C) association between the relative expression of the study genes and non-triple-positive or triple aPL-positive subgroups. OR, odds ratio; CI, confidence interval; t-PAPS, primary thrombotic APS.


Next, the association of ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 mRNA expression with the number of previous thrombosis events (single or multiple thrombosis) is shown in Figure 4, Panel B. ANXA3 mRNA upregulation was, again, more pronounced in multiple thrombosis than in single thrombosis when compared to controls. BACH2 mRNA downregulation was more pronounced in single thrombosis than in multiple thrombosis compared to controls. The relative expression of the remaining genes did not differ between single and multiple thrombotic events compared to controls.

Finally, ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 mRNA expression levels were similar between non-triple-positive and triple aPL-positive t-PAPS (Figure 4, Panel C).




Discussion

Antiphospholipid syndrome is a good clinical model to evaluate similarities and differences between venous and arterial thrombosis, as the disease is characterized by thrombotic manifestations in multiple vascular sites. This heterogeneous presentation is intriguing because venous and arterial thrombosis appear to have different pathogenesis. While stasis-related mechanisms, such as immobilization and congestive heart failure, and hypercoagulability-related mechanisms, such as familial thrombophilia and oral contraceptive use, play a fundamental role in the occurrence of venous thrombosis (13), arterial thrombosis occurs in high-flow sites and is mainly dependent on vascular integrity and platelet function (14, 15). However, some clinical aspects may be common to both arterial and venous thrombosis. Age, obesity and hypertension are known risk factors for atheromatous disease and arterial thrombosis. These factors may also contribute to the development of venous thrombosis (16, 17).

Much remains to be understood about common pathologic mechanisms leading to heterogeneous thrombotic manifestations in APS. One way to investigate common or diverse causes of the heterogeneous clinical presentation of APS is to study the genetic profile of the disease. Translational studies have allowed the identification of gene sets (or signatures) associated with PAPS (18) and secondary APS (SAPS) (19), as well as the expression profile of genes that differentiate thrombotic APS from APS with obstetric complications (9).

For example, obstetric APS is characterized by differentially expressed genes involved in cell adhesion, extracellular matrix, embryogenesis, and skeletal development, whereas thrombotic APS is characterized by differentially expressed genes involved in pro-inflammatory cytokine production, cellular response to stress, oxidative stress, and cellular homeostasis (9). PAPS and SAPS share the expression of genes involved in the type 1 interferon signature, inflammation and atherosclerosis (10), whereas PAPS differs from systemic lupus erythematosus (SLE) by the expression of genes related to mitochondrial function, oxidative stress and antioxidant capacity (10, 18, 19). We recently observed that genes related to the type 1 interferon signature were overexpressed in t-SAPS, but not in t-PAPS, compared to controls (20), suggesting that the inflammatory profile is different between these two presentations of APS. A recent meta-analysis identified 16 genes differentially expressed in t-PAPS compared to controls that were expressed in 32 different tissues, which may explain the fact that thrombosis in APS occurs in any vascular site (18). Thus, measurement of gene expression has been used to develop new biological concepts, refine disease classification, improve diagnostic and prognostic accuracy, and identify new molecular targets for treatment.

We chose to quantify ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 mRNA expression in t-PAPS based on the results of a meta-analysis using a bioinformatics panel to explore the differences and similarities between venous thromboembolism (VTE) and cardiovascular disease. The results of the meta-analysis represented the first comparison of venous and arterial thrombosis at the transcriptomic level, analyzing gene expression datasets from microarray studies involving human patients with cardiovascular disease or VTE in the Gene Expression Omnibus (GEO) public repository (8); however, they needed to be validated in a real-world cohort.

In this context, this study analyzed the expression of genes previously associated with venous and arterial thrombosis in the general population in t-PAPS and asymptomatic aPL carriers. Our results showed that the expression of ANXA3 and TNFAIP6 is upregulated and TXK is downregulated in t-PAPS compared to controls. Furthermore, increased ANXA3 mRNA expression is more pronounced in patients with arterial thrombosis or multiple thromboses, suggesting that ANXA3 is not only associated with thrombosis in PAPS but also with the severity of the thrombotic event.

ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 are mainly associated with immunity and hemostasis. ANXA3 plays a role in regulation of cell growth, regulation of endothelial cell migration, maintenance of cellular phospholipids and signal transduction pathways and has been associated with stroke in animal studies (21). TNFAIP6 is involved in cell-cell and cell-matrix interactions in inflammation and cancer, and its increased expression in t-PAPS may be explained by the inflammatory process of the disease (8, 22). TXK acts on pathways related to the blood-brain barrier, transmigration of immune cells, and regulates the development, function, and differentiation of T-cells and NKT cells (23, 24). BACH2 is responsible for immune regulation, mainly related to the adaptive immune response, and has been implicated in B-cell function (25, 26). SERPINB2 regulates the production of plasminogen activator inhibitor-2 and is directly related to fibrinolysis pathways (8, 27). Our study showed that t-PAPS is associated with dysregulation of genes related to hemostasis (ANXA3) and inflammation/immunity (TNFAIP6 and TXK). ANXA3 has also been associated with the occurrence of arterial thrombosis and multiple thrombotic events. Interestingly, this gene has been shown to be upregulated in rodent models of ischemic stroke in animal studies (28). Therefore, our results suggest that innate immunity and hemostasis are associated with thrombotic manifestations of t-PAPS at the molecular level, with the potential to detect more severe forms of the disease.

In the meta-analysis that inspired this study, the association between BACH2 and SERPINB2 with arterial and venous thrombosis was weaker than that of the other genes. Moreover, from a biological point of view, SERPINB2 regulates the plasminogen activator-2 inhibitor pathway, which is responsible for a fibrinolytic mechanism that is less associated with APS-related hypercoagulability. BACH2 is a gene related to adaptive/humoral immunity, it has been described as a regulator of adaptive immunity through T-cell maintenance and B-cell maturation. In t-PAPS patients, we observed a dysregulation of genes associated with innate immunity.

The estimated incidence of thrombosis in asymptomatic aPL+ carriers is approximately 1% per year (29). Present in up to 5% of the general population, aPL antibodies may either be clinically irrelevant or confer an increased risk of thrombotic manifestations (30). In this context, we included the group of asymptomatic aPL carriers in this study to evaluate whether the molecular alterations observed in t-PAPS are also present in asymptomatic aPL carriers. Interestingly, the mRNA expression levels of ANXA3, TNFAIP6, TXK, BACH2, and SERPINB2 were similar between asymptomatic aPL carriers and controls. Gene expression was not affected by aPL profile, particularly aPL triple positivity. Taken together, these results suggest that dysregulation of ANXA3, TNFAIP6, and TXK, although associated with thrombotic manifestations of PAPS, is not due to the presence or burden of aPL antibodies.

Limitations of our study include the fact that we included a group of patients treated in a tertiary care center and, therefore, it is possible that our patients presented with a more severe clinical profile. The cohort is heterogeneous because of the variable duration of the disease; however, there was no correlation between the time elapsed since diagnosis of t-PAPS and the relative expression of the genes (data not shown). Data collection was performed retrospectively by consulting electronic medical records, which may contain imprecise information.



Conclusion

The results demonstrated that genes related to both innate immunity and hemostasis were associated with thrombotic manifestations in PAPS and with disease severity (arterial thrombosis and multiple thrombotic events), independent of the aPL profile. Therefore, our findings suggest a molecular link between hemostasis, immune response and thrombosis in PAPS, providing new insights into the mechanisms underlying the development of thrombosis in PAPS.
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Introduction: Vascular malformations are rare congenital anomalies of the vascular system, which can involve the capillaries, veins, arteries, lymphatics, or a combination of vessel types. Patients with vascular malformations experience an impaired health-related quality of life (HRQoL) because of their symptoms (e.g., pain, swelling, and bleeding) and psychosocial distress. Sirolimus is an effective drug used in the medical treatment of these patients; however, relatively little is known about the effect of sirolimus on specific changes in the HRQoL domains and its magnitude.

Methods: The magnitude of change (effect size) following intervention is more informative to clinical practitioners than statistically significant but clinically unimportant changes; therefore, this study aimed to examine the magnitude and meaningfulness of change in the HRQoL of children and adults with vascular malformations following sirolimus treatment using low target levels.

Results: In total, 50 patients with vascular malformations (19 children, 31 adults) were included in this study. These patients experienced a lower HRQoL than the general population, with the adults reporting a significantly lower score in almost all domains. A 6-month sirolimus treatment improved the HRQoL in 29 patients, including 77.8% of the children (Pediatric Quality of Life Inventory score [PedsQL]) and 57.7% of the adults (Short Form 36 [SF-36]). The effect sizes of sirolimus for each SF-36/PedsQL domain ranged from 0.19 to 1.02. The clinically relevant moderate magnitude of changes was seen in the domains of the children's reports: “Physical functioning” and “Social functioning” and in the domains of the parent reports: “Social functioning,” “School functioning,” and “Psychosocial.” A high-magnitude change was seen in the domains “Emotional functioning” and “Psychosocial” in the children's reports and “Physical functioning” in the parent reports. In addition, the moderate magnitude of changes was also seen in the adults SF-36: in all domains except for “Role limitations—physical problems,” “Role limitations—emotional problems,” and “General health perception.”

Conclusion: We believe this is the first study showing the magnitude of change in HRQoL after sirolimus treatment in patients with vascular malformations. Before treatment, these patients experienced an impaired HRQoL compared with the general Dutch population. A 6-month sirolimus treatment with low target levels led to moderate-to-high clinically relevant changes in multiple domains, which significantly improved the HRQoL.

Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT03987152?cond=Vascular+Malformations&cntry=NL&city=Nijmegen&draw=2&rank=1, identifier: NCT03987152.

KEYWORDS
vascular malformation, quality of life, sirolimus (rapamycin), SF-36: 36-item short form health survey, PedsQL: pediatric quality of life inventory


Introduction

Vascular malformations are rare congenital anomalies of the vascular system that grow proportionally with age. These malformations can involve the capillaries, veins, arteries, lymphatics, or any combination of these (1, 2). Of these, venous and lymphatic malformations are categorized as low-flow vascular malformations. Most of the frequently found somatic mutations in low-flow vascular malformations occur in genes involved in the mammalian target of rapamycin (mTOR) pathway; for example, PIK3CA and TEK/TIE-2 mutations lead to a gain of function and increased activity of mTOR (3–7). Patients experience symptoms of pain, swelling, bleeding, ulcerations, leakage, thrombotic complications, disfigurement, functional impairment, and psychosocial distress, which affects their health-related quality of life (HRQoL) (8–12).

The treatment options for low-flow vascular malformations are conservative, including compressive hosiery, analgesics, anti-inflammatory or anti-coagulation drugs, intralesional sclerotherapy or embolization, and surgery (13). Sclerotherapy alone or in combination with surgical resection is frequently applied in most vascular malformations (14, 15). Unfortunately, treatment is challenging and not always successful and can leave patients with a high clinical burden and subsequently a reduced HRQoL (16).

The treatment of pain and other symptoms in patients with vascular malformations can improve their HRQoL. Several studies have shown that sirolimus, an mTOR inhibitor, can reduce pain and, in some cases, may reduce the size of the vascular malformation (17–23). The reduction in symptoms due to sirolimus may improve the HRQoL. To measure HRQoL in patients with vascular malformations, the generic questionnaires including the Pediatric Quality of Life Inventory (PedsQL) questionnaire (PedsQL™ 4.0 Generic Core Scales) and the 36-Item Short Form Health (SF-36) questionnaire are frequently used (17–20); however, the exact measures of the domains in these questionnaires have not yet been reported in the literature for patients treated with sirolimus.

The aim of this report was therefore to analyze the efficacy of sirolimus in terms of improving patients' HRQoL. The magnitude of the change (effect size) following intervention is more informative to clinical practitioners than statistically significant (whether the changes are likely to be caused by chance) but clinically unimportant changes. We, therefore, investigated the magnitude and meaningfulness of change in the PedsQL and SF-36 scores of patients with vascular malformations following a low-dose sirolimus treatment. We explored this after 6 months of treatment, which was implemented as part of the national phase IIB open-label single-arm clinical study (24). This report presents the magnitude of changes in the HRQoL of pediatric and adult patients who received doses of sirolimus with low target levels for vascular malformations. To interpret the size of the change, the results were compared with the age-adjusted norms of the Dutch population (25–28).

This report provides a detailed insight into the magnitude of changes for each domain, which are clinically relevant for the patients (and the parents of pediatric patients).



Materials and methods


Study design and patients

The HRQoL was measured in patients who participated in the phase IIB open-label clinical study “Treatment of Congenital Vascular Malformations Using Sirolimus: Improving Quality of Life,” which is a nationwide study performed in the Netherlands. The study is registered in ClinicalTrials.gov (identifier: NCT03987152) and EudraCT (number: 2016-002157-38). Patients with low-flow malformations included in the clinical trial had no other remaining treatment options, and the medication they had taken with the intention to relieve pain had not produced the desired effect. In total, 74 patients were enrolled at Radboud University Medical Center (Radboudumc), Nijmegen, the Netherlands, between September 2017 and February 2021. Seven patients did not complete the Challenge phase (including one case series patient), leaving a total of 67 remaining patients in the Challenge phase of the trial using low target levels of sirolimus. The patients were treated over a 6-month period (Challenge phase), which was followed by a 12-month follow-up period (Dechallenge phase). To evaluate the efficacy of the treatment, the pain was scored daily using the visual analog scale and numeric pain rating scale. In addition, magnetic resonance imaging (MRI) and HRQoL assessments were performed at the baseline and after 6 months (at end of the Challenge phase). The study demonstrated that the target levels of 4–10 ng/ml sirolimus are comparably effective and were accompanied by less severe adverse events than those reported in the literature using high target levels of 10 ng/ml or above (24).



Outcome measures

Patients aged 2 years and older were included in the study. Two HRQoL questionnaires were used; the PedsQL questionnaire was sent as per age category (2–4 years, 5–7 years, 8–12 years, or 13–16 years) based on the age of the participant at that moment, while the SF-36 questionnaire was used for adults (17 years and older). The HRQoL questionnaires were sent out digitally before and after the 6-month treatment (Challenge phase). In all these questionnaires, higher scores indicate a better HRQoL.



PedsQL

The PedsQL questionnaire (PedsQL™ 4.0 Generic Core Scales) is a widely used standardized generic instrument used to assess patients' and proxies' perceptions of HRQoL in pediatric patients with chronic health conditions (29, 30). This instrument contains 23 items measuring four domains of HRQoL: “Physical functioning,” “Emotional functioning,” “Social functioning,” and “School functioning.” Additionally, a “Psychosocial” score can be calculated. For each domain, a score can be calculated ranging from 0 to 100, with a higher score indicating a better HRQoL. The “total scale score” can be derived as the sum of all items over the number of items answered on all the scales (30).



SF-36

The SF-36 questionnaire is frequently used to explore HRQoL in adults in terms of eight domains: “Physical functioning,” “Social functioning,” “Role limitations—physical problems,” “Role limitations—emotional problems,” “Mental health,” “Energy levels/vitality,” “Pain,” and “General health perception.” A mental component summary (MCS) and physical component summary (PCS) can be derived from the scores. We used the RAND-36 version 1.0, and scoring was carried out using the RAND-36 scoring guidelines (27, 28, 31). For each domain and component, a score can be derived ranging from 0 to 100, with a higher score indicating a better HRQoL.



Statistical analyses

Statistical analyses were performed using SPSS version 25.0 (IBM). Descriptive statistics were used for the patients' demographic characteristics. When the majority of domains were normally distributed, the continuous variables and the proportions for nominal variables were presented as means with 95% confidence intervals (95% CI) or standard deviations (SD). When the majority of the domains had a skewed distribution, medians with IQR values were used.



Comparison with the general Dutch population

The HRQoL scores of the patients were compared with the general Dutch population. For this comparison, parent PedsQL reports were used for children under 7 years of age, while the children's reports were used in children aged older than 7 years corresponding to the general Dutch population scores. HRQoL mean scores of patients with vascular malformations were compared with HRQoL mean scores of the general Dutch population. If data showed a skewed distribution, the medians of the general Dutch population were used. For children above 7 years old, these median scores are not available for the general Dutch population; therefore, mean scores of the general Dutch population were used as the median values for this group, since median scores of the general Dutch population (older than 7 years) are not published (26). Note that in large groups (as a general Dutch population) in a normal distribution, the mean value corresponds to the median value. For the children aged 2–7 years, the median scores of the general Dutch population (Parent reports) were used, as these scores of the general Dutch parent's reports under 7 are published (25).

To compare the SF36 scores of patients with vascular malformation, the published mean SF-36 scores of the general Dutch population were used (26, 27).

The difference in HRQoL between patients with vascular malformations and the general population was analyzed using a t-test when normally distributed or using a one-sample Wilcoxon signed-rank test when the data were skewed. All P-values were two-sided, and the results were considered statistically significant if P < 0.05.



Changes after sirolimus treatment

The changes in HRQoL after the sirolimus treatment were analyzed. The guidelines of the particular survey were followed to calculate the correct score when values were missing. Surveys were excluded from the analysis when the surveys at the baseline and/or at the end of the Challenge phase were missing.

A change in the HRQoL of each child was quantified as a change in the total scale score of >4.4 in the self-reported PedsQL or >4.5 in the parent-reported PedsQL. These PedsQL thresholds were based on previous clinical trials within this patient category, and our phase IIB study as published previously (18, 20, 24).

In addition, the change of HRQoL per patient was quantified as a change of 3.5 in the MCS score or 4.1 in the PCS score of the SF-36 (24). The upper threshold of the minimal important difference (MID) of modest changes was used for the SF-36, based on the systematic review by Frendl et al. (32) who determined the size and meaningful changes of the SF-36 MCS and PCS and mean net of placebo changes with treatment across different diseases. This resulted in net mean modest changes of MCS [interquartile range (IQR) 0.8; 3.5] and PCS [IQR 1.6; 4.1]. The percentage of patients who experienced a change in HRQoL after 6 months of sirolimus treatment was calculated (n patients with a change of HRQoL/n of evaluable patients).

The mean differences with 95% CI between the pre-treatment (baseline) and post-treatment (Challenge phase) HRQoL scores were calculated when the differences in scores between the baseline and the end of the Challenge phase were normally distributed in the majority of domains. When these data were skewed, the median with IQR difference was calculated. For the comparison of the HRQoL scores at the baseline and the end of the Challenge phase, paired t-tests were used. Non-parametric tests (Wilcoxon signed rank tests) were used when the data were skewed. The threshold for statistical significance was set a priori at α = 0.05.



Magnitude of change

The responsiveness of the HRQoL was analyzed using the widely accepted method of “effect sizes” (33–35). The effect sizes were used to translate the baseline and changes after the end of the Challenge phase into a standard unit of measurement that should provide a clearer understanding of the HRQoL results. The effect sizes can supplement standard statistical testing to obtain a more complete and clinically relevant picture of health status change (36). The effect size was calculated using Cohen's d formula: d = mean difference/SD difference. When the data were skewed, the effect size was calculated using the z-value (37). The effect size was considered to be small (0.20–0.49), moderate (0.50–0.79), or high (>0.80). An effect size of more than 0.5 was considered clinically relevant.




Results


Patient characteristics

In total, 56 patients (24 children and/or parents and 32 adults) received the HRQoL surveys. At the baseline, 91.1% (n = 51/56) of patients (children and/or parents: 83.3%, n = 20/24; adults: 96.9%, n = 31/32) completed the surveys. The mean age of these patients was 25.8 years (SD = 16.5). Of the 56 patients, 87.5% (n = 49/56) of patients (children and/or parents: 91.7%, n = 22/24; adults: 84.4%, n = 27/32) completed the end of Challenge phase questionnaires. In total, 78.6% (n = 44/56) of patients (children: n = 18; adults: n = 26) were evaluable for the analyses of the HRQoL change after sirolimus treatment. See Figure 1 for patient distribution.


[image: Figure 1]
FIGURE 1
 Patient distribution. In total, 12 case series patients did not receive the quality-of-life questionnaire due to different protocols (including one patient who did not complete the Challenge phase), five patients did not complete the Challenge phase, and one child was included in the study during the Rechallenge phase.


In total, 68 HRQoL questionnaires were completed (PedsQL: children [aged 5–16 years] n = 17 and parents [of children 2–16 years] n = 20; SF-36: adults n = 31) before the start of the sirolimus treatment (baseline). After 6 months of the sirolimus treatment, a total of 64 HRQoL questionnaires were completed (PedsQL: children [aged 5–16 years] n = 17 and parents [of children 2–16 years] n = 20; SF-36: adults n = 27). Despite repeated requests, data were missing for four children and one adult at the baseline, and for two children and five adults at the end of the Challenge phase. Due to this missing data before and after treatment, a total of six children and six adults were excluded from the analysis of change after the Challenge phase.

The characteristics of the included patients for the HRQoL analysis are presented in Table 1. The majority of both the pediatric and adult patients were women. At the baseline, the median total HRQoL score of the children's reports (n = 17) was 73.91 (IQR = 55.43; 77.17) and of the parent reports (n = 20) was 59.24 [IQR = 55.71; 75.54]. The means scores of Mental Component Summary (MCS) and Physical Component Summary (PCS) in adults (n = 31) were 47.5 [95% CI 43.4; 51.5] and 33.1 [95% CI 29.1; 37.1], respectively, at the baseline.


TABLE 1 Patient characteristics of the included patients.
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Health-related quality of life compared with the general Dutch population

At the baseline, the HRQoL scores of children with vascular malformations were lower than that of the general Dutch population (Figures 1, 2, Supplementary Table 1). After the Challenge phase, the PedsQL scores of the patient group increased, and the difference in HRQoL scores between this group and the general Dutch population was smaller.


[image: Figure 2]
FIGURE 2
 PedsQL scores of children before and after the Challenge phase for each domain. Results of the Dutch population aged 5–18 years are represented in gray (26). Baseline n = 19 patients with low-flow vascular malformations, and after the Challenge phase, n = 21 patients (parent reports for children aged 2–7 years and children's reports for patients aged 8–16 years). Exact data are presented in Supplementary Table 1. For the general Dutch population, parent reports obtained by Schepers et al. (25) are presented for children aged 2–7, while for children aged 8–16 years, the child reports obtained by van Engelen et al. (26) were used.


Compared with the general Dutch population, the adult patients with vascular malformations experienced significantly lower SF-36 scores in all domains, except for “Mental health” (Figure 3, Supplementary Table 2). After the Challenge phase, the adult patient group reached the level HRQoL of the general Dutch population. The domains “Social functioning,” “Role limitations—emotional problems,” and “Energy levels/vitality” normalized after the 6-month treatment with low target levels of sirolimus.


[image: Figure 3]
FIGURE 3
 Quality-of-life scores for each domain during the Challenge phase in adults using the SF-36 questionnaire. Baseline n = 31 patients with low-flow vascular malformations and after Challenge phase n = 27. Exact data are presented in Supplementary Table 2. The RAND-36 scores for the general Dutch adult population were obtained from van der Zee et al. (27, 28).


Supplementary Tables 1, 2 show the scores of each HRQoL questionnaire in our study at the baseline and at the end of the Challenge phase compared with the general Dutch population.



An overall change in health-related quality of life

After the Challenge phase, 29 patients had an improved HRQoL, including 77.8% of the children (n = 14/18) and 57.7% of the adults (n = 15/26). In 11.1% of the children (n = 2/18) and 11.5% of the adults (n = 3/26), a worsened HRQoL was observed.

At the baseline, the mean total scale score of the PedsQL as reported by the children (n = 16) was 66.3 [SD 17.7], while the parent reports (n = 18) gave a mean score of 64.0 [SD 16.2]. The mean total scale score of the children significantly increased by 9.9 points [SD 12.6] after the Challenge phase to 76.2 [SD 18.1], P < 0.05. The parental PedsQL scores showed an increase of 10.9 points [SD 10.7] after the Challenge phase to 74.9 [SD 17.0], P < 0.05. The PedsQL scores of each domain at the baseline and the changes after the sirolimus treatment did not significantly differ between the children and parents.

In adults (n = 26), the mean MCS score at the baseline was 48.9 [SD 9.3], which significantly increased to 52.5 [SD 8.7] after the Challenge phase, with a mean increase of 3.6 points ([SD 8.3], P < 0.005). The mean PCS score at the baseline was 32.8 [SD 10.7], which significantly increased to 39.0 [SD 13.1] after the Challenge phase, with a mean increase of 6.2 ([SD 9.5], P < 0.005).

Figures 2, 3 present the results of the changes in HRQoL during the Challenge phase. The detailed data are provided in Supplementary Table 3.



Magnitude of change

The effect sizes of the sirolimus treatment on the PedsQL and SF-36 scores between the baseline and the end of the Challenge phase are shown in Figures 4, 5. In the PedsQL children's reports, a clinically relevant change was seen in all domains except for “School functioning,” in which the effect size was small (0.20–0.49). A clinically relevant moderate effect size (effect size 0.50–0.79) was seen in the domains “Physical functioning,” “Social functioning,” and “Total scores.” High (>0.80) effect sizes were observed in the domains of “Emotional functioning” and “Psychosocial functioning.” Moderate-to-high effect sizes were observed in the PedsQL parent reports in almost all domains, except “Emotional functioning.” It is noteworthy that the effect size of the “Total scale score” was 1.02. When the children's and parental reports were considered together, a clinically relevant effect size was observed in every domain.


[image: Figure 4]
FIGURE 4
 Effect sizes on each domain of the PedsQL as reported by each child (n = 16) and parent (n = 18). The effect sizes were categorized as small (0.20–0.49), moderate (0.50–0.79), or high (>0.80). An effect size of more than 0.5 is considered clinically relevant.



[image: Figure 5]
FIGURE 5
 Effect sizes for the SF-36 domains at the end of the Challenge phase in 26 adult patients. The effect sizes were categorized as small (0.20–0.49), moderate (0.50–0.79), or high (>0.80). An effect size of more than 0.5 is considered clinically relevant. PF, physical functioning; SF, social functioning; RP, role limitations—physical problems; RE, role limitations—emotional problems; MH, mental health; V, energy levels/vitality; P, pain; GH, general health perception; PCS, physical component summary; and MCS, mental component summary.


Moderate clinically relevant effect sizes were seen in adults in the SF-36 domains “Physical functioning,” “Social functioning,” “Mental health,” “Energy levels/vitality,” “Pain,” and “Physical Component Summary.” In the other domains, a small effect size was seen.




Discussion

The present study indicates that Dutch patients with vascular malformation experience an impaired HRQoL compared with the general population. In addition to the heterogenic group of slow-flow vascular malformations, patients have similar symptoms leading to a reduced HRQoL. All domains were significantly impaired in adults, except for “Mental health.” This result showed a worse HRQoL than that reported by Breugem et al. in patients with vascular malformations of the lower extremity, who reported that their HRQoL was not greatly impaired relative to the general Dutch population (10). Breugem et al. found impaired “Vitality” and higher levels of “Pain” in these patients; however, no differences were seen in the other dimensions of SF-36. By contrast, a systematic review of 11 studies showed that the bodily pain and mental health scores of patients with congenital vascular malformations were significantly worse than the general population of the USA, as determined using the SF-36 (38). This was also seen in a Dutch prospective cross-sectional study of 133 patients who completed the HRQoL surveys using Patient-Reported Outcome Measurement Information System (PROMIS) scales, performed by Stor et al. (39) who showed that the presence of pain negatively impacted the patients' HRQoL. In addition, the low HRQoL in our phase IIB study may be explained by the fact that the included patients had no (remaining effective) treatment options.

Because of the low number of patients per age category and the corresponding HRQoL scores of the general Dutch population, the significance of the difference in treatment effect on the HRQoL between ages was not calculated. Future research should therefore involve a larger cohort of patients to determine the changes and effect sizes in each domain for each patient age category. Additionally, it would be interesting to investigate the HRQoL effect size of different treatments, such as surgery, sclerotherapy, or (other) systemic treatments, and to compare the differences in magnitude and the meaningfulness of the changes between these treatments. In our recently published results of the clinical response to sirolimus, we showed that there was no difference in the general response to sirolimus for each vascular malformation type (24).

In the present study, we showed that the HRQoL significantly improved after the sirolimus treatment (total scale score improvement >4.4 in the self-reported PedsQL, >4.5 in the parent-reported PedsQL, >3.5 in the adult MCS score of the SF-36, and >4.1 in the PCS score of the SF-36) in 65.9% of the patients. This is comparable with the effects reported in other studies, including patients with vascular anomalies (20, 21). The SF-36 domains “Physical functioning,” “Social functioning,” “Role limitations—physical problems,” “Mental health,” “Energy levels/vitality,” and “Pain” significantly improved after 6 months of treatment with low target levels of sirolimus. Pang et al. also used the SF-36 to identify changes in each domain after 6 months of treatment with sirolimus (40). Six adult patients with low-flow head and neck vascular malformations were included and treated with sirolimus using high target levels (5–15 ng/mL). In contrast to our results, Pang et al. found no statistically significant changes in the SF-36 domains after the sirolimus treatment. The low target levels of sirolimus in our cohort (4–10 ng/mL) might play a role in this; the low occurrence of toxicities alongside the maintenance of the effectiveness of sirolimus might have resulted in a more substantially improved HRQoL (24), although more research is needed to examine this hypothesis.

A limitation of the study is that the design used in the phase IIB clinical trial did not include a placebo group. The optimal design would be a randomized placebo clinical trial (RCT); however, to prove the efficacy of sirolimus in their HRQoL, the concept of Challenge, Dechallenge, and Rechallenge (CDR design) can be used. This CDR design, in which the patients are under their own control, is frequently used for rare diseases for N-of-1 clinical trials to assess efficacy (24, 41).

Other studies investigated the change in HRQoL after treatment; however, they did not analyze or show the number of patients who experienced changes in their HRQoL and/or their specific changes in each domain after treatment in both children and adults (18, 20, 21, 39, 42).

Lokhorst et al. developed recently a new questionnaire, the OVAMA questionnaire, which could be additionally used in future research (43). This is a disease-specific questionnaire, which is not suitable for comparing the HRQoL scores with the general (Dutch) population and/or other (chronic) diseases. The effect of sirolimus was not investigated in the study by Lokhorst et al., which might have influenced the clinical improvements that patients showed and the ability to pick up improvements using the SF-36. Additionally, the SF-36 can be used to calculate a utility score, which is necessary for a cost-effective analysis. For these reasons, the additional use of generic questionnaires such as SF-36 remains necessary.



Conclusion

This study shows that adult and pediatric patients with vascular malformation experience a decreased HRQoL compared with the general Dutch population. Six months of treatment with low target levels of sirolimus significantly improved the HRQoL in adults, while in children, a clear tendency to improve was also observed. This study is one of the first studies to investigate the magnitude of change in the HRQoL resulting from sirolimus treatment in patients with vascular malformations. Sirolimus led to a moderate-to-high clinically relevant change in multiple domains in the adult population. In conclusion, the health-related quality of life of children and adults with vascular malformations improved after treatment with low target levels of sirolimus, leading to a more normalized HRQoL.
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15144954030 213,836,477 2 c T 0.005665 4.88015 0.821066 2.80E-09
15142811251 22,985,272 2 c G 0.010296 3.45976 0.617814 2.10E-08
15115952340 40,875,392 3 A G 0.01334 3.00972 0.550266 4.50E-08
1s78547201 61,713,522 5 G c 0.011607 3.27496 0.577735 1.40E-08
15116985617 133,084,903 6 T c 0.008531 3.89273 0.674419 7.80E-09
1579774709 117,931,871 6 T c 0.005782 5.14056 0.853785 1.70E-09
15189140232 35,517,966 7 A G 0010006 356083 0625652 130E-08
111976995 157,531,582 7 G T 0030423 201942 0348689 7.00E-09
15116035596 28,832,005 9 T c 0.006559 4.90357 0.742882 4.10E-11
1579638269 14,841,242 10 T (4 0.016328 267635 0.472895 1.50E-08
13644205 89,745,814 10 A G 0.196485 0.848874 0.150756 1.80E-08
5183788045 64,006,281 11 T G 0.008749 3.54822 0.64978 4.70E-08
5117251267 95,673,607 13 4 T 0.01159 3.55014 0.617762 9.10E-09
5142373582 104,757,781 14 [+ T 0.014186 3.24633 0.565762 9.60E-09
5113898417 21,614,895 16 G [+ 0.006957 3.97893 0.726631 4.40E-08
1562059726 48,715,705 17 A G 0.015194 2.8216 0511814 3.50E-08
512958992 71,259,772 18 G A 0.026945 2.16091 0.378903 1.20E-08
5117077082 42,928,868 20 G A 0.031795 1.92055 034217 2.00E-08
5113322644 33,992,170 21 A (4 0.011694 3.20963 0.555077 7.40E-09

SNP, single nucleotide polymorphism; EA, effect allele; OA, other allele; chr., chromosome; and se, standard error.
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Parameters
COVID-19 ()
ADAMTS13 Antigen  0.6540 (IR,
(UrmL) 05328-0.9453)
ADAMTS13 Activity  0.4785 (IR,
(UrmL) 0.4195-0.5063)
VWE: AG (U/mL) 2,073 (IR,
2587-1.319)
VWF: CBA (U/mL) 2.821 (QR,
2501-4.313)
VWFAG/ADAMTS13  6.120 (IGR,
activity 7.799-4.586)
FVII (U/mL) 3.444 (R,
2.025-5.537)
TG Peak Height (1M) 2822 (IQR,
68.22-330.2
TG Rate (nM/min) 36.73(IGR,
14.66-66.79)
PG Peak Height (M) 6122 (IGR,
479.1-877.0)
PG Rate (M/mir) 8248 (IQR,
19.32-42.19)

AG, antigen; CBA, Collagen binding activity.

BMI <185

COVID-19 (+)

0.8530 (IQR,
0.4920-1.479)

0.7580 (IQR,
0.5818-1.008)
3.443 (IQR,
4.877-1.819)
3.445 (IQR,
1,541-5.838)
3315
(IQR—-8.694-
2.502)
1.192 (QR,
0.7350-4.455)
213.7 (QR,
63.73-470.4
46.58 (QR,
12.75-107.5)
505.0 (IOR,
459.8-624.6)
24.24 (1QR,
15.06-30.71)

BMI 18.5-24.9
P-value  COVID-19 (-) COVID-19 (+)
0.43 0.7660 (QR,  0.7350 (QR,
0.5750-0.9800) 0.5030-0.9335)
0.054 05030 (QR,  0.6000 (QR,
0.3950-0.6000) 0.4298-0.7278)
060 2,069 (QR, 2725 (QR,
3.066-1.389) 4.414-1.843)
0.60 3.355 (IR, 3.519 (IQR,
4378-2.002) 5.074-2.423)
018 6.138(QR, 5815 (QR,
9.228-3.680) 9.805-4.258)
0.0674 2.472(QR, 1862 (QR,
1.262-4.063)  1.192-3.599
076 1984 (QR, 2269 (QR,
83.40-287.9) 127.3)297.8
056 33.15(QR,  37.48(QR,
14.11-54.96)  18.50-59.06)
021 5787(QR, 5208 (QR,
498.6-636.6)  426.2-604.6)
0.12 22.75 (IQR, 19.68 (IQR,
16.68-28.41)  14.27-27.63)

P-value

0.30

0.082

0.0029

017

0.79

0.7619

014

0.36

0.013

o1

COVID-19 (=) COVID-19 (+)

09330 (QR,  0.7950
0.6360-1.148) (IQR,0.5883~
1.002)
0.6100(QR, 06070 (AR,
0.6090-0.7940) 0.4190-0.7860)
1.661(QR, 3012 (QR,
2944-1.252) 3.888-2.157)
2.945 (QR, 4.182 (IQR,
4.161-2.007)  5.151-3.277)
4.752 (IQR, 7.328 (IQR,
6.759-3.386) 10.06-4.954)
1927 (QR, 1754 (QR,
07975-3.333  1.087-3.203
1779(QR, 2469 (QR,
122.0-839.6  101.1-837.4
3522(0R,  46.16 (QR,
18.19-66.09) 17.30-71.33)
5082(QR,  545.0(QR,
504.8-641.9) 487.7-647.7)
23.87 (QR, 22.65 (IQR,
18.15-30.68) 17.64-28.63)

BMI 25-29.9

P-value

0.11

027

<0.00010

0.00020

<0.00010

0.9008

0.62

0.61

0.40

031

BMI >30

COVID-19 (=) COVID-19 (+) P-value

0.8510 (IQR,  0.8210 (IQR, 0.16
0.6426-1.125) 0.5660-1.027)
0.5600 (IQR,  0.5645 (IQR, 0.40
0.4250-0.7955) 0.4030-0.7683)
1.855 (IQR, 3.023 (IQR,  <0.00010
2.943-1.268) 4.337-2.186)
3.044(QR,  4.292(QR, <0.00010
4.228-2.137) 5.688-2.884)
6.131(QR,  7.157(QR,  0.0015
7.025-3.172) 12.83-4.223)
1.829 (IQR, 1.717 (QR,  0.7590
0.7015-3.739  0.9930-3.231
202.6 (IOR, 255.4 (IOR, 0.071
111.0-3235 153.4-354.8
38.11 (IQR, 45.99 (IQR, 0.097
18.23-66.03  25.04-78.96
585.0 (IOR, 537.0 (IOR, 0.026
527.7-682.0) 458.7-638.1)
2636(QR,  20.77 (QR,  0.0058
18.49-32.43)  14.88-26.62)
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Parameters

ADAMTS13 Antigen (U/mL)

ADAMTS13 Activity (U/mL)

VWF: AG (U/mL)

'VWF: CBA (U/mL)

VWF:AG/ADAMTS13 activity

FVIll (U/mL)

TG Peak Height (nM)

TG Rate (nM/min)

PG Peak Height (M)

PG Rate ("Wmin)

COVID-19 ()
Survivors Non-survivors
08320 (IR, 0.6285-1.081) 0.6670 (IGR,
0.4230-1.019)
05560 (IR, 0.4445-0.7070) 0.4000 (IGR,
0.3010-0.5720)
2.937 (IQR, 1.920-4.191) 3.972 (IQR,
2.409-5.012)
1.681 (IQR, 1.241-2.554) 2.268 (IQR,
1.799-4.649)
5.185 (IQR, 3.212-7.886) 7568 (QR,
5.027-13.73)
1.711 (QR, 0.8755-3.302 2.740 (QR,
2.028-4.888)
174.8 (IQR, 96.79-295.3) 176.9 (QR,
83.24-252.7)
31.14 (IQR, 16.01-57.06) 3931 (QR,
10.26-56.15)
575.7 (IQR, 495.2-656.1) 568.0 (QR,
443.3-546.4)
24.78 (IQR, 19.30-33.50) 2392 (QR,
13.07-31.78)

AG, antigen; CBA, Collagen binding activity.

P-value Survivors
0.067 0.8140 (IQR,
0.5688-1.014)
0.00020 05930 (IGR,
0.4150-0.7620)
0.0010 2.561 (IQR,
1.782-3.877)
0026 3640 (QR,
2.523-5.108)
000050 6.275 (OR,
3817-10.08)
0.0101 1.678 (IQR,
0.9620-2.949)
052 227.2 (OR,
1185-315.2)
097 4026 (R,
20.24-60.04)
0.26 537.9 (IQR,
458.1-624.3)
012 21,53 (OR,
14.78-28.85)

COVID-19 (+)

Non-survivors

06990 (IQR,
0.5310-0.8870)
0.4870 (GR,
0.3563-0.6778)
3.327 (IQR,
2.366-5.838)
4506 (QR,
3.286-5.900)
8.105 (QR,
5.043-13.44)
2706 (QR,
1.561-5.594)
227.7 (IQR,
119.5-334.8)
3955 (IR,
19.63-64.72)
506.1 (QR,
406.5-576.9)
17.99 (IQR,
13.34-24.15)

P-value

0.013

0.0095

<0.00010

0.00040

0.00010

<0.0001

081

0.72

0.0064

0.0040
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Patient COVID-19 () (n = 288) COVID-19 (+) (n = 543)
characteristics

Age, median 62(1.0-101) 63(3.0-99)

(range)

Sex

Female n=11943 %) 208 (44 %)

Male n=159 (57 %) 264 (56 %)

Race/Ethnicity

Asian n=4

African 56

American/Black 56

Caucasian/White 13

Other n=3

Multi-racial n =104 (Black:7, n =211 (Black:10,

Hispanic/Latino White:21, other:18, White: 35, other:32,
Asian: 1, American

Ind/Alaskan:1,
Multracial: 1)

Declined 52 n=166

Body mass index 255 (13.7-63.2) 28,0 (14.1-63)

(kg/m?), median

(range)

Ventilator n=31(11%) n="67(12%)

New thrombosis

New-DVT/PE n=22(80%) n=28(50%)

New- Stroke n=7@4% n=21(40%)

Chronic

conditions*

HTN 134 (47 %) = 262 (48%)

oM n=281(8%) n =184 (34 %)

CAD n=48(17 %) =54(10 %)

ESRD/CKD n=235(13%) 69(13%)

Cancer n=22(80%) 38(7.0%)

Stroke n=210.0%) 32(6.0%)

Hyperipidemia n=34(12%) 9417 %)

Heart Failure n=239(14%) n=23(40%)

Liver Disease n=13(6.0%) 11(2.0 %)

Lung Disease n=50(17 %) =41(80%)

Survivors n =255 (885 %) =433 (80 %)

Non-survivors n=33(115%) n=110(20%)

*History of chronic. conditions: HTN, Hypertension, DM, Diabetes Melitus; CAD,
Coronary heart disease; ESRD/CKD, End-stage renal failure/chronic kidney disease. The
percentage of patients per group for binary variables are indicated.
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Parameters

COVID-19 (=)

ADAMTS13 Antigen (U/mL) 08805 (IQR,
0.6203-1.121)

ADAMTS13 Activity (U/mL) 056 (R,
0.4483-0.7310)
VW AG (U/ml) 1.690 (IR,
1.236-2.395)
VWF: CBA (U/mL) 2875 (IR,
1.691-4.116)
VWFAG/ADAMTS13 activity ~ 4.827 (IQR,
2.857-7.709)
PVl (U/mL) 1.48
(0.77-3.32)
TG Peak Height (M) 167.1 (QR,
87.56-292.0)
TG Rate ("W/min) 29,06 (IQR,
14.37-55.25)
PG Peak Height (M) 5708 (IQR,
492.6-679.2)
PG Rate (M/min) 24.59 (IQR,
18.84-33.37)

AG, antigen; CBA, Collagen binding activity.

<65 years

COVID-19 (+)

0.8340 (QR,
0.5950-1.084)
0.6406 (QR,
0.4743-0.8293)
2.259 (QR,
1.621-3.296)

3.433 (QR,
2.235-4.576)
4.984 (R,
3.316-7.988)
1.61(084-2.88)

211.4 (QR,
101.1-306.0)
35.63 (R,
17.15-63.08)
5626 (QR,
464.8-643.6)
22,29 (R,
16.18-29.65)

P-value

0.44

0.0080

<0.00010

0.0020

027

0.716

0.065

0.070

0.18

0.041

COVID-19 (<)

0.78 (IQR,
0.60-1.01)

05085 (IQR,

0.3835-0.6673)

2019 (QR,
1.303-3.119)
3281 (R,
2.028-4.631)
5923 (QR,
4.108-8.843)
234
(1.30-3.87)
1780 (QR,
108.1-292.0)
36.22 (R,
16.60-56.54)
581.0 (QR,
487.9-638.5)
25.11 (QR,
18.67-32.48)

> 65 years

COVID-19 (+)

0.7760 (IOR,

0.6033-1.013)

0.5460 (IOR,

0.4008-0.7203)

3.128 (R,
2.118-4.630)

4447 (QR,
2.742-5.507)
7.349 (OR,
4500-12.12)
187
(1.17-3.61)
247.4 GR,
(144.7-340.1)
44.76 (QR,
21.42-69.19)
519.8(QR,
446.6-602.2)
19.25 (QR,
14.78-25.99)

P-value

0.87

031

<0.00010

0.00010

0.0075

0.276

0.00070

0.020

0.00060

<0.00010

<65vs. > 65
years

COVID-19 (-)

P-value

0.084

0.048

0.050

0.021

0.0085

0.0021

0.34

0.24

0.75

081

<65vs. > 65
years

COVID-19 (+)

P-value

021

<0.00010

<0.00010

<0.00010

<0.00010

0.0016

0.016

0.087

0.0067

0015
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Age Sex | Diagnosis | Localization = Previous | Kind of previous | Treatment | Sclerosing | Complications  Plt (x103/p | Daysin | Follow up

lyl therapy therapy agent L) WBC | hospital | in months
(x203/p. L)
1 1 F VM Upper lip Yes Unguided bleomycine PS Polidocanol (2 ml) Small localized 467/7.4 2 10
injection necrosis
2 2 F VM Left cheek Yes Unguided bleomycine PS Polidocanol (6 ml) None 273/3.6 2 10
injection
3 2 F VM Right cheek Yes Unguided bleomycine PS Polidocanol (4 ml) None 244/8.3 2 10
injection and traditional
medicine
4 8 F VLM Mandible/chin Yes Unguided bleomycine PS Polidocanol (4 ml) None 306/6.2 2 10
injection Bleomycine (28 mg)
5 4 M VM Left cheek Yes Unguided bleomycine PS Bleomycin (10 mg) None 116/10.3 2 10
injection
6 5 F Tufted Left cheek Yes Unguided bleomycine PS Polidocanol (4 ml) None 382/74 2 10
angioma/VM injection
7 52 M VM Right cheek No - PS Polidocanol (8 ml) Necrosis 262/8.2 2 10
8 20 M VM Left cheek Yes Unguided bleomycine PS Polidocanol (1.7 ml) None 241/4.3 2 10
injection
9 15 F VM Right cheek No - PS Polidocanol (8 ml) None 354/5.1 3 10
10 64 F VLM Right cheek and lip No - PS Polidocanol (0.7 ml) None 171/6.5 2 10
11 32 M VM Right cheek Yes Unguided bleomycine PS Polidocanol (6 ml) None 104/3.4 2 10
injection
12 30 F VM Chin and both Yes Unguided bleomycine PS Polidocanol (6 ml) None 253/3.2 2 10
cheeks injection
13 0 (11 mo) F AVM Forehead No - Embolization EVOH (1.2 ml) Pneumonia 67/6.8 4 10

F: female; M: male; mo: months; y: years; VM: venous malformation; AVM: arteriovenous malformation; PS: percutaneous sclerotherapy; EVOH: ethylene vinyl alcohol; Plt: platelet count; WBC: white blood cell count.
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t-PAPS (n =

Number of thrombotic events, median (IQR) 1(1-2)

Age at thrombotic event, median (IQR) 35(25-48)

Characterization of the thrombotic event

Provoked, n (%) 41 (40)

Unprovoked, n (%) 61 (60)

Type of thrombosis

Arterial, n (%) 29 (28)

Venous, 1 (%) 73 (72)

Thrombosis site (first event)

Deep vein thrombosis, # (%) 43 (42)
Ischemic stroke, n (%) 25 (25)
PE, n (%) 15 (15)
Cerebral venous thrombosis, n (%) 12 (12)
Other sites*, n (%) 7 (6)
Multiple thromboses, 1 (%) 37 (36)
Time elapsed between thrombotic events in 47 (12.0-91.5)

months, median (IQR)

Site of recurrence

Deep vein thrombosis, # (%) 15 (14)
Ischemic stroke, n (%) 8(8)
PE, n (%) 7(7)
Other sites*, n (%) 7(7)

n, absolute number; IQR, interquartile range; PE, pulmonary embolism.
*Other sites were portal vein thrombosis, acute myocardial infarction, intestinal thrombosis
and retinal thrombosis.
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Panel A

ANXAZ3 arterial thrombosis b # i OR= 1.96 (95%IC 1.31-2.93; P=0.001)
ANXA3 venous thrombosis @ | OR= 1.42 (95%IC 0.99-2.03; P=0.05)
TNFAIP6 arterial thrombosis t 2 i OR=1.67 (95%IC 1.25-2.23; P=0.001)
TNFAIP6 venous thrombosis ———1 OR= 1.63 (95%IC 1.22-2.17; P=0.001)
TXK arterial thrombosis e OR= 0.25 (95%IC 0.11-0.56; P=0.001)
TXK venous thrombosis —8— OR= 0.41 (95%IC 0.24-0.69; P=0.001)
BACH2 arterial thrombosis —a— OR= 0.96 (95%IC 0.68-1.37; P=0.84)
BACH2 venous thrombosis —a- OR= 0.82 (95%IC 0.61-1.11; P=0.20)
SERPINB2 arterial thrombosis Ij_l—i OR= 0.98 (95%IC 0.66-1.46; P=0.91)
SERPINB2 venous thrombosis OR= 0.98 (95%IC 0.74-1.30; P=0.91)
| | | 1 1
0 1 2 3 4
h q
Decreased expression  Increased expression
associated with t-PAPS associated with t-PAPS
Panel B
ANXA3 single thrombotic event H—— OR= 1.33 (95%IC 0.92-1.94; P=0.14)
ANXA3 multiple thrombotic events | ® ! OR=2.03 (95%IC 1.35-3.04; P=0.001)
TNFAIPG6 single thrombotic event —a— OR= 1.58 (95%IC 1.19-2.11; P=0.002)
TNFAIP6 multiple thrombotic events = & = OR= 1.76 (95%IC 1.31-2.37; P=0.0001)
TXK single thrombotic event —eo—i OR= 0.36 (95%IC 0.20-0.63; P=0.0001)
TXK multiple thrombotic events —@—i OR= 0.36 (95%IC 0.18-0.72; P=0.004)
BACH2 single thrombotic event —E— OR= 0.69 (95%IC 0.47-0.99; P=0.05)
BACH2 multiple thrombotic events OR= 1.08 (95%IC 0.81-1.45; P=0.61)
SERPINB2 single thrombotic event OR= 0.95 (95%IC 0.69-1.31; P=0.74)
SERPINB2 multiple thrombotic events OR= 1.03 (95%IC 0.75-1.41; P=0.86)
0 1 2 3 4
A —
Decreased expression  Increased expression
associated with t-PAPS associated with t-PAPS
Panel C
ANXA3 nontriple-positive b + ! OR= 1.53 (95%IC 1.09-2.14; P=0.02)
ANXAS3 triple aPL-positive } L OR= 1.74 (95%IC 1.16-2.59; P=0.007)
TNFAIP6 nontriple-positive I & i OR= 1.63 (95%IC 1.22-2.16; P=0.001)
TNFAIPG triple aPL-positive : & OR= 1.69 (95%IC 1.26-2.26; P=0.0001)
TXK nontriple-positive —a— OR= 0.38 (95%IC 0.23-0.64; P=0.0001)
TXK triple aPL-positive —— OR= 0.28 (95%IC 0.12-0.69; P=0.005)
BACH2 nontriple-positive —-— OR= 0.88 (95%IC 0.67-1.16; P=0.36)
BACH2 triple aPL-positive S OR= 0.81 (95%IC 0.50-1.33; P=0.41)
SERPINB2 nontriple-positive p—y —] OR= 1.04 (95%IC 0.80-1.36; P=0.76)
SERPINB2 triple aPL-positive —— OR= 0.46 (95%IC 0.19-1.16; P=0.099)
0 1 2 3

— —>

Decreased expression  Increased expression
associated with t-PAPS associated with t-PAPS
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Parameters aPL carriers | Controls

(n=17) (n = 100)

Age, median (IQR) 40 (31-53) 36 (24-59) 39 (29-49)
Woman, n (%) 65 (64) 14 (82) 67 (67)
Tabagism, n (%) 19 (19) 1(6) 1(1)
Hypertension, n (%) 33(32) 2(12) 6 (6)
Dyslipidemia, 7 (%) 34 (33) 1(6) 11(11)
Diabetes, n (%) 7(7) 2(12) 6(6)
Obesity 39 (38) 1(6) 9(9)
(BMI > 30.0 kg/m?),

n (%)

Continuous 95 (93) 10 (59) 33(33)
medication use, 1 (%)

Statin use, 1 (%) 28(27) 1(6) 7(7)
ASA use, n (%) 26 (25) 1(6) 0(0)
Use of anticoagulants¥, 80 (78) 0 0

n (%)

Family history**, n (%) 59 (58) 11 (65) 40 (40)
Gestational 17 (26) 0 0(0)

complication®**, n (%)

Abortion, 1 (%) 19 (29) 1(7) 2(3)
LAC, n (%) 84 (82) 12 (71) 0
aCL IgM, n (%) 15 (15) 4(24) 0
aCLIgG, n (%) 44 (43) 8 (47) 0
Anti-B2GPI IgM, n (%) 35(34) 8 (47) 0
Anti-B2GPTIgG, n (%) 39 (38) 9(53) 0
Triple positivity for 22(22) 5(29) 0
aPL, n (%)

n, absolute number; t-PAPS, primary thrombotic antiphospholipid syndrome; aPL,
antiphospholipid antibodies; ASA, acetylsalicylic acid; LAC, lupus anticoagulant; aCL,
anticardiolipin; AntiB2GPI, anti-beta2-glycoprotein-1 antibody; IgM, immunoglobulin M;
¢G, immunoglobulin G.

*Most patients were using warfarin, and only two patients in the primary APS group were
using rivaroxaban at the time of inclusion in the study.

**Family histories were deep venous thrombosis, arterial occlusion, stroke, and acute
myocardial infarction.

***Pregnancy complications were fetal loss, intrauterine growth retardation (IUGR),
preeclampsia, eclampsia or HELLP syndrome. Dyslipidemia was characterized as LDL-C
levels above 100 mg/dL, HDL-C levels below 40 mg/dL (men), or 50 mg/dL (women),
TG levels above 200 mg/dL, non-HDL-C levels above 130 mg/dL and TC levels above
190 mg/dL (31).
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_.0 processing n=2
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Group Age (%)
20-30 years  30-40 years | 40-50years | 50-60 years | >60 years
AR Yes 1(14.29) 4(28.57) 7 (53.85) 16 (66.67) 15 (68.18) 43(53.75) | 11410 | 0.022*
No 6 (85.71) 10 (71.43) 6 (46.15) 8(33.33) 7(31.82) 37 (46.25)
n 7 14 13 24 2 80

“p < 0.05.
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Variable AR patients (n = 43) AS patients (n = 37)

Driver gene mutational load

JAK2 mutational load (%) 20.860 (14.570, 42.238) 20.485 (11.050, 40.573) 0.801
CALR mutational load (%) 24.864 £12.812 32.369 + 13.487 0.231
MPL mutational load (%) N/A N/A N/A
Non-driver gene type 14 (32.56) 15 (40.54) 0.462
DNA methylation (TET2, DNMT3A, IDH1, IDH2) 8 (18.60) 8 (21.62) 0.738
Histone modification (ASXL1, EZH2, KMT2D, KMT2B) 4(9.30) 3(8.11) 0.851
mRNA splicing (SF3B1, SRSF2, U2AF1, ZRSR2) 0 2 (5.41) 0.125
Signaling pathways (LNK/SH2B3, CBL, NRAS/KRAS, PTPN11, ATG2B, ABCBI1, NFI) 3(6.98) 1(2.70) 0.385
Transcription factor (RUNX1, NFE2, PPM1D, TP53, BCOR, WT1, ETV6) 2 (4.65) 3(8.11) 0.527

N/A, not applicable.
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AR patients AS patients

n=43 n =37
Sex 0.215
Male, (%) 15 (34.88) 18 (48.65)
Female, 1 (%) 28 (65.12) 19 (51.35)
Ageat 5526 £ 11.21 46.08 &= 14.04 0.002
enrollment

(x £ s years)

Irregular use of 20 (46.51) 8(21.62) 0.021
aspirin

Cardiovascular 31(72.09) 10 (27.03) 0.000
risk factors

Smoking 9(20.93) 2(5.41) 0.046
Dyslipidemia 19 (44.19) 5(13.51) 0.003
Hypertension 16 (37.21) 3(8.11) 0.002
Diabetes 1(2.33) 0 0.354
Thrombosis 8 (18.60) 6 (16.22) 0.972
history

Splenomegaly 13 (30.23) 14 (37.84) 0.476
Driver gene

JAK2+ 26 (60.47) 24 (64.86) 0.687
CALR+ 10 (23.26) 9(24.32) 0911
MPL+ 1(2.33) 0 0.354
Triple negative 6(13.95) 4(10.81) 0.674

Routine blood test

WBC (x109/L) 7.70 (5.94, 9.85) 6.83(5.29,9.78) 0.559

HGB (g/L) 140.42 £ 18.89 146.27 +18.78 0.170

PLT (x109/L) 593.00 (488.00, 723.00) | 599.00 (498.50,708.50) | 0.919

NLR 2.60 (1.69, 3.80) 2.70 (2.06, 3.91) 0.493

PLR 376.44 (278.99, 446.09) | 377.89 (277.57,471.85) | 0.717

WBC, white blood cell; HGB, hemoglobin; NLR, neutrophil-lymphocyte ratio; PLR,
platelet-lymphocyte ratio.
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Variable

AR patients

(h=43)

AS patients
(n = 37)

Coagulation test

D-D (mg/L) 0.260 (0.170, 0.380) | 0.340 (0.160, 0.405) | 0.727

PT (s) 11.800 (11.100, 11.900 (11.400, 0.115
12.100) 12.550)

PTA (%) 98.600 (95.400, 97.500 (92.000, 0.191
105.700) 103.250)

INR 1.030 (0.960, 1.050) | 1.040 (0.990, 1.080) | 0.176

APTT (s) 30.000 (27.800, 30.800 (29.100, 0.131
31.400) 32.750)

TT (s) 18.430 & 1.422 18.787 + 1.328 0.253

Fbg (g/L) 2.710 (2.310,3.220) | 2.430 (2.060, 2.745) | 0.006

FDP (png/ml) 2.000 (2.000, 2.000) | 2.000 (1.050,2.000) | 0.072

AT-III (%) 98.630 =+ 8.866 96.058 & 10.520 0.239

TEG

R (min) 5.200 (4.600, 6.700) | 5.600 (5.150, 6.650) | 0.123

K (min) 1.300 (1.000, 1.600) | 1.600 (1.300, 1.850) | 0.008

aangle (°) 70.093 £ 6.665 66.603 £ 5.153 0.012

MA (min) 71.412 £ 6.170 67.105 & 5.220 0.001

CI 2.174 £ 2.172 1119 & 1.478 0.015

D-D, D-dimer; PT, prothrombin time; PTA, prothrombin time activity; INR,
international normalized ratio; APTT, activated partial thromboplastin time; TT,
thrombin time; Fbg, fibrinogen; FDP, fibrin degradation products; AT-III, antithrombin
IIL; R, reaction time; K, clot kinetics; MA, maximum amplitude; CI, coagulation index.
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Variable Standard 95% Cl

error
Sex Female 0.570 0.459 1.543 0.214 1.768 0.719-4.347
Male*
Age at enrollment 0.058 0.020 8.612 0.003 1.059 1.019-1.101
Use of aspirin Irregular 1.148 0.503 5.211 0.022 3.152 1.176-8.447
Regular*

Smoking Yes 1.533 0.818 3.513 0.061 4.632 0.932-23.018
No*

Dyslipidemia Yes 1.623 0.571 8.088 0.004 5.067 1.656-15.502
No*

Hypertension Yes 1.905 0.680 7.846 0.005 6.716 1.772-25.460
No*

Diabetes Yes 21.076 40,192.969 0.000 1.000 1,423,156,409.178 N/A
No*

Thrombosis history Yes 0.166 0.594 0.078 0.779 1.181 0.369-3.781
No*

Splenomegaly Yes —0.340 0.475 0.513 0.474 0.712 0.281-1.804
No*

JAK2+ Yes —0.188 0.465 0.164 0.685 0.828 0.333-2.059
No*

CALR+ Yes —0.059 0.526 0.013 0.911 0.943 0.336-2.645
No*

MPL+ Yes 21.076 40,192.969 0.000 1.000 1,423,156,409.178 N/A
No*

Triple negative Yes 0.291 0.688 0.179 0.672 1.338 0.347-5.157
No*

Non-driving gene Yes —0.345 0.467 0.547 0.460 0.708 0.284-1.768
No*

WBC —0.046 0.058 0.631 0.427 0.955 0.853-1.070

HGB —0.017 0.012 1.878 0.171 0.983 0.960-1.007

PLT 0.000 0.001 0.042 0.838 1.000 0.998-1.002

NLR —0.134 0.141 0.902 0.342 0.875 0.663-1.153

PLR —0.001 0.001 0.900 0.343 0.999 0.997-1.001

*Control group. N/A, not applicable.
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Variable Standard error 95% ClI

Age at enrollment 0.040 0.027 2.265 0.132 1.041 0.988-1.097

Use of aspirin Irregular 1.968 0.657 8.963 0.003 7.158 1.973-25.964

Regular*

Smoking Yes 2.178 0.932 5.465 0.019 8.830 1.422-54.833
No*

Dyslipidemia Yes 1.599 0.758 4.454 0.035 4.949 1.121-21.850
No*

Hypertension Yes 1.728 0.794 4.731 0.030 5.629 1.186-26.710
No*

*Control group.
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Patient Recruitment — ongoing since Aug 2021

Virtual meetings
IR team from MNH

Visiting IR team from
Germany

Program director

Former visiting IR camp
members

Interdisciplinary case
discussions and
treatment planning

Patient treatment

On-site diagnostics and
treatment of patients during
interdisciplinary treatment
sessions

Training in sclerotherapy
and embolization therapy

Patient Treatment since Nov 2021

Patient Follow-up

Post-interventional
care

Further treatment planning

Photographic
documentation and clinical
examination

Office visits

Comprehensive
Care for Patients
with Vascular
Anomalies
Interdisciplinary

Vascular
Malformation
Program at MNH
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Test

Factor V Leiden polymorphism
Prothrombin A20210G polymorphism
Protein $ levels (%)

Protein C levels (%)

AT 11 levels (%)

d

er (ng/dL)
Fibrinogen (mg/dL)
Haematocrit (%)
Platelets (mmcube)

Homocysteine (mMol/L)

Result

Wild type
Wild type
63%

65%
71(%)
495

396

31
320,000

8

Normal values

Wild type
Wild type
50-120

50-120

60-120

<500

200-400

<45
140,000-400,000
<15

mg, milligrams; ng, nanograms; AT 11, antithrombin I1l; LAC, lupus anticoagulant;

ole. Anticardiolipin an

ta2 glycoprotein 1 antibodies

mm?, cubic
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Hysteroscopy for uterine malformation

Hormonal dosages to detect ovarian and thyroideal oligosynptomatic diseases
Uterine swab to detect uterine infections

Kariotype to look for chromosomal abnormalities

Immunological evaluation for antiphospholipid syndrome

Inherited thromboph
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Admission

l Vital signs at admission Initial labs on Laboratory test__ Result
BP: 81/50 mmHg: HR: 106/min admission |7 | wac 16.82 x 1071
R : ! " RBC 4.73 x10%/L
I Diagnostic peritoneocentesis ] HGB 15.0 g/dL
HCT 46.3%
I Enhanced CT of abdomen |
Emergency trean!;ent _Laboratory test _Result
{ (1) rehydration therapy; (2) antibiotic prophylaxis J WBC 12.18 x10%L
< RBC 4.14 x102/L
Vital signs after emergency treatment AR —t | HGB 13.1 o/dL
I BP: 13075 mmHg; HR: 88/min || L200FaON) ﬁ"d“‘gs'l' SIS
“ HCT .‘7.8 o
| Gastroscopy j
3
| Enhanced MRI of abdomen }
4
Conservative treatment

(1) fluid resuscitation; (2) Octreotide Acetate;

(3) Pantoprazole, etc.

l Endoscopic ultrasonography I-

Vital signs at discharge :
BP: 118/64 mmHg; HR: 75/min || Finallabs at discharge :
Discharge
Vital signs during follow-up: Labs during follow-up:
BP: 109/61 mmHg; HR: 69/min HGB:16g/dl; HCT:46.5% One year after discharge

" Timeline

Laboratory test

WBC

Result

7.64 x10°/L
3.76 x10"/L
11.9 g/dL
33.9%
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Laboratory test (Normal range) Value' Value? Value® Value* ValueS

WBC (3.5-9.5 x 109/L) 16.82 1218 1024 857  7.64
RBC (4.3-5.8 x 10'2/1) 473 414 387 352 3.76
HGB (18.0-17.5 g/dL) 150 131 122 111 119
HCT (40.0-50.0%) 46.3% 37.8% 34.9% 31.6% 33.9%

WBC, white blood cells; RBC, red blood cells; HGB, hemoglobin; PLT, platelet;
HCT, hematocrit; Value': Initial labs on admission; Value®3-4: Labs of decompen-
sation period every 5 h after expanding blood volume; Value®: Final labs at
discharge.
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Lesion size reduction (n = 52)
Complete response (1 = 6)
Partial response (1 = 39)
Stable disease (1 = 7)

Clinical response (n = 58)
Symptom-free (n = 13)
Partial relief (n = 41)

No improvement (n = 4)

Pediatric

group
(n=191/252)

2 (3.8%)!
14 (26.9%)"
3 (5.8%)!

5 (8.6%)%
17 (29.3%)?
3 (5.2%)>

Adult

group
(n=33)

4(7.7%)
25 (48.1%)
4(7.7%)

8 (13.8%)
24 (41.4%)
(1.7%)

P-value
p=093
=040

SD, standard deviation; define complete response, 100% lesion size reduction; partial

response, 30% lesion size reduction; stable disease, neither partial response nor

progressive disease criteria met; define n = 191/252, related to the available pediatric
cohort with MRI (1) and clinical (2) data at terminal follow-up.
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Characteristic

Age at diagnosis
Men

Median (range)
Lesion size (ml) Median (range)
Max. lesion diameter Median (range)
(mm)

Puig classification

Typel

TypeII

Type III

Type IV

Involved anatomical areas
Frontal

Orbital

Nasal

Temporal

Buccal

Labial

Mental

Auricular

Treatment rationales
Pain

Swelling

Thrombosis

Cosmetic disfigurement
Functional limitation
Impaired swallowing®
Impaired breathing®
Accompanying sequelae
Exophthalmus

Blurry visualization
Sialadenitis

Symptom graduation
None

Light

Moderate

Strong

Very strong

Cohort Cohort (at
(total, terminal
n=68) follow-up,
n=521/582)
10.5 (0-59)

30 (44.1%)
18.5 (1.5-582.9)
40.0 (5.0-82.0)

7.0 (1.0-359.1)!
21.5 (3.0-65.0)"

28 (41.2%)

27 (39.7%)

13 (19.1%)
0 (0.0%)

4(5.9%)
5 (7.4%)
4(5.9%)
11 (16.2%)
54 (79.4%)
17 (25.0%)
12 (17.6%)
4(5.9%)

41 (60.3%)
63 (92.6%)
7 (10.3%)
41 (60.3%)
10 (14.7%)

7 (10.3%)

3 (4.4%)

5 (7.4%)

3 (4.4%)

1(1.5%)

1(1.5%)

0 (0.0%) 13 (19.1%)>

3 (4.4%) 26 (38.2%)?
22 (32.4%) 19 (27.9%)*
36 (52.9%) 0(0.0%)*
7 (10.3%) 0(0.0%)*

Max., maximum; SD, standard deviation; define n = 52'/582, related to the available

cohort size with MRI (1) and clinical (2) data at terminal follow-up; 3related to swelling

of the cheek/lips, however, without objective obstruction of the upper airways.
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Characteristic Cohort (total, n = 68)

Age at treatment initiation median (range) 18.0 (0.7-64)
Total number of serial procedures
1 35 (51.5%)
17 (25.0%)
6 (8.8%)
4 (5.9%)
1(1.5%)
2 (2.9%)
2(2.9%)
1(1.5%)

o NN U e W

SD, standard deviation.
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Clinical response (n = 52)

Symptom- Partial No
free reliefof improvement
(n=11) symptoms of symptoms
(n=37) (n=4)

Lesion size reduction (n = 52)

Complete response (1 = 6) 2(3.8%) 4(7.7%) 0 (0.0%)
Partial response (n = 39) 9(17.3%) 28 (53.8%) 2 (3.8%)
Stable disease (n = 7) 0 (0.0%) 5(9.6%) 2 (3.8%)

SD, standard deviation; define complete response, 100% lesion size reduction; partial
response, 30% lesion size reduction; stable disease, neither partial response nor
progressive disease criteria met.
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Total Patients Patients with Any DOAGC: (vs. other drugs)
patient with DOAC:s at low
DOACs doses
Univariable OR Multivariable OR
(95% CI) (95% CI)
Patients, N 41,678 12,286 (29%) 2,154 (18%)
Male gender 20,896 6,323 (30%) 1,011 (16%) 1.08 (1.03-1.12)* 1.01 (0.96-1.06)
Age 65-79 years 14,110 3,957 (28%) 627 (16%) Ref. Ref.
Age < 65 years 17,944 6,009 (33%) 825 (14%) 129 (1.23-1.36)% 1.30 (1.23-1.38)*
Age > 79 years 9,624 2,320 (24%) 702 (30%) 0.81 (0.77-0.86)* 0.96 (0.89-1.03)
Body weight 50-120 kg 39,960 11,882 (30%) 2,073 (17%) Ref. Ref.
Body weight < 50 kg 977 190 (19%) 54 (28%) 0.57 (0.49-0.67)% 0.54 (0.45-0.65)*
Body weight > 120 kg 740 213 (29%) 27 (13%) 0.96 (0.81-1.12) 0.64 (0.53-0.77)%
Initial VTE presentation
Isolated DVT 18,220 5,020 (27%) 904 (18%) Ref. Ref.
Pulmonary embolism 23,458 7,266 (31%) 1,250 (17%) 1.18 (1.13-1.23)F 1.18 (1.13-1.25)*
Concomitant disorders
Recent major bleeding 970 224 (23%) 57 (25%) 0.71 (0.61-0.83)" 0.53 (0.45-0.63)*
CrCl levels < 30 mL/min 2,097 310 (15%) 137 (44%) 0.40 (0.35-0.45)T 0.44 (0.38-0.51)*
Liver cirrhosis 209 23 (11%) 6 (26%) 0.29 (0.19-0.45)" 0.32 (0.20-0.52)*
Platelet count < 100,000/p.L 1,055 168 (16%) 46 (27%) 0.45 (0.38-0.53)T 0.40 (0.34-0.49)*
Atrial fibrillation 2,361 783 (33%) 237 (30%) 1.20 (1.10-1.31)F 1.58 (1.42-1.75)%
Prior VTE 5,818 1,994 (34%) 357 (18%) 130 (1.22-1.37)F 1.14 (1.06-1.22)F
Fragile patients 16,767 4,105 (24%) 1,034 (25%) 0.66 (0.63-0.69)" -
Countries
Spain 27,245 4,645 (17%) 859 (18%) Ref. Ref.
Rest of Europe 10,414 6,152 (59%) 956 (16%) 7.02 (6.68-7.38)% 8.97 (8.49-9.49)*
America 1,530 768 (50%) 130 (17%) 4.90 (4.41-5.45)* 6.35 (5.67-7.11)%
Rest of the world 2,489 721 (29%) 209 (29%) 1.98 (1.81-2.18)F 2.99 (2.70-3.31)*
Years
2013-2015 16,114 2,784 (17%) 502 (18%) Ref. Ref.
2016-2018 15,863 4,954 (31%) 968 (20%) 2.17 (2.06-2.29)* 2.78 (2.62-2.95)F
2019-2021 9,701 4,548 (47%) 684 (15%) 423 (3.99-4.47)% 6.36 (5.95-6.80)F

*p < 0.05; Tp < 0.01; 1‘17 < 0.001. DOAGs, direct oral anticoagulants; CI, confidence intervals; VTE, venous thromboembolism; DV, deep vein thrombosis; CrCl, creatinine clearance;
Ref., reference. Bold words are the main subjects to study. Years of prescription, number of patients Italic words apply for the total number of patients in each period of study and in the
different parts of the world.
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Rivaroxaban Apixaban Edoxaban

Patients, N 6,886 3,601 1,473

Clinical characteristics

Male gender 1.20 0.88 0.89 (0.79-1.00)
(1.10-1.30)* (0.81-0.95)"

Age 65-79 years Ref. Ref. Ref.

Age < 65 years 1.47 0.72 0.88 (0.77-1.01)
(1.34-1.61)F (0.65-0.79)%

Age > 79 years 0.70 146 0.99 (0.84-1.17)
(0.62-0.78)F (1.30-1.64)*

Body weight 50-100 kg Ref. Ref. Ref.

Body weight < 50 kg 1.04 (0.75-1.43) 1.06 (0.77-1.47) 0.91 (0.56-1.50)

Body weight > 120 kg 1.21 (0.88-1.67) 1.04 (0.75-1.44) 0.53

(0.29-0.97)*

Initial VTE presentation

Isolated DVT Ref. Ref. Ref.

Pulmonary embolism 1.16 1.08 (0.99-1.17) 0.64
(1.07-1.26)* (0.57-0.72)*

Concomitant disorders

Recent major bleeding 0.58 1.77 0.88 (0.54-1.43)
(0.43-0.79)* (1.33-2.36)F

CrCl levels < 30 mL/min 0.88 (0.67-1.14) 1.10 (0.85-1.41) 1.17 (0.82-1.67)

Liver cirrhosis 1.23 (0.48-3.19) 0.24 (0.05-1.05) 3.86

(1.21-12.3)*

Platelet count < 100,000/p.L 0.93 (0.66-1.30) 1.18 (0.84-1.65) 0.84 (0.48-1.48)

Atrial fibrillation 0.72 1.22 0.81 (0.63-1.05)
(0.61-0.85)* (1.04-1.44)*

Prior VTE 1.03 (0.92-1.14) 1.10 (0.99-1.23) 0.80

(0.67-0.95)*

Countries

Spain Ref. Ref. Ref.

Rest of Europe 2.17 0.67 0.56
(1.99-2.36)* (0.61-0.73)* (0.50-0.63)*

America 2.80 0.82 0.02
(2.32-3.37)F (0.68-0.98)* (0.00-0.06)*

Rest of the world 2.67 0.97 (0.82-1.16) 0.07
(2.24-3.18)% (0.04-0.12)*

Years

2013-2015 Ref. Ref. Ref.

2016-2018 0.20 3.54 15.9
(0.17-0.22)* (3.09-4.05)* (9.89-25.5)%

2019-2021 0.10 4.74 36.6
(0.09-0.12)* (4.14-5.43)% (22.9-58.6)F

Results are expressed as odds ratio and 95% confidence intervals (in brackets). *p < 0.05; Tp < 0.01; 1‘17 < 0.001. VTE, venous thromboembolism; DVT, deep vein thrombosis; CrCl,
creatinine clearance; Ref., reference. Bold words are the main subjects to study. Years of prescription, number of patients Italic words apply for the total number of patients in each period
of study and in the different parts of the world.
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Patients, N

Clinical characteristics
Male gender

Age 65-79 years

Age < 65 years

Age > 79 years

Body weight 50-120 kg
Body weight < 50 kg
Body weight > 120 kg
Initial VTE presentation
Isolated DVT
Pulmonary embolism
Concomitant disorders
Recent major bleeding
CrCllevels < 30 mL/min
Liver cirrhosis

Platelet count < 100,000/pL
Atrial fibrillation

Prior VTE

Fragile patients
Countries

Spain

Rest of Europe

America

Rest of the world

Years

2013-2015

2016-2018

2019-2021

Rivaroxaban Apixaban Edoxaban
N OR (95% CI) N OR (95% CI) N OR (95% CI)
6,886 3,601 1,473

33721 1.26 (1.18-1.36)" 1,709 0.80 (0.74-0.86)" 723 0.90 (0.80-1.00)

2,109 Ref. 1,223 Ref. 502 Ref.

3,799 1.51 (1.39-1.63)* 1,415 0.69 (0.63-0.75)* 660 0.85 (0.75-0.96)"
978 0.64 (0.58-0.71)* 963 1.59 (1.43-1.76)* 311 1.07 (0.92-1.24)

6,646 Ref. 3,478 Ref. 1,439 Ref.

9 0.80 (0.60-1.07) 69 1.38 (1.02-1.86)* 22 0.95 (0.61-1.49)
143 1.61 (1.21-2.15)1 54 0.82 (0.60-1.12) 12 0.43 (0.24-0.78)"

2,845 Ref. 1,373 Ref. 672 Ref.

4,041 0.96 (0.89-1.03) 2,228 1.17 (1.08-127)" 801 0.80 (0.72-0.89)"
103 0.66 (0.51-0.86)" 95 1.80 (1.37-2.35)" 20 0.72 (0.45-1.14)
122 0.50 (0.40-0.63)" 135 1.89 (1.51-2.38)" 47 1.32 (0.96-1.81)
15 1.47 (0.62-3.47) 2 0.23 (0.05-0.98)* 5 2.04 (0.76-5.51)
922 0.95 (0.70-1.29) 56 1.21 (0.87-1.67) 15 0.72 (0.42-1.22)
337 0.57 (0.49-0.66)" 308 1.62 (1.39-1.88)" 83 0.86 (0.68-1.09)

1,202 1.23 (1.12-1.36)" 569 0.96 (0.86-1.06) 179 0.69 (0.58-0.81)"

1,896 0.55 (0.51-0.59)" 1,541 1.79 (1.65-1.94)" 538 1.17 (1.04-1.31)"

1,919 Ref. 1,669 Ref. 873 Ref.

3,935 2.52(2.33-2.73)} 1,509 0.58 (0.53-0.63)* 586 0.45 (0.41-0.51)*
569 4.06 (3.42-4.82)F 181 0.55 (0.46-0.66)* 2 0.01 (0.00-0.05)*
463 2.55(2.17-3.00)* 242 0.90 (0.76-1.06) 12 0.07 (0.04-0.13)*

2,409 Ref. 305 Ref. 18 Ref.

2,724 0.19 (0.17-0.21)¥ 1,550 3.70 (3.24-4.23)F 496 17.1 (10.7-27.4)F

1,753 0.10 (0.09-0.11)* 1,746 5.06 (4.43-5.79)% 959 41.1 (25.7-65.6)*

*p <0.05; Tp <0.01; 1p < 0.001. VTE, venous thromboembolism; DV'T, deep vein thrombosis; CrCl, creatinine clearance; Ref., reference. Bold words are the main subjects to study. Years

of prescription, number of patients Italic words apply for the total number of patients in each period of study and in the different parts of the world.
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Total 2013-2014 2015-2016 2017-2018 2019-2021

All patients 41,678 10,526 10,798 10,653 9,701
Rivaroxaban initially 5,141 (12.3%) 1,041 (9.9%) 1,481 (13.7%) 1,288 (12.1%) 1,331 (13.7%)
Apixaban initially 1,315 (3.2%)* 5(0.1%)* 226 (2.1%)* 402 (3.8%)* 682 (7.0%)*
Rivaroxaban long-term 6,631 (15.9%) 1,367 (13.0%) 1,929 (17.9%) 1,658 (15.6%) 1,677 (17.3%)
Apixaban long-term 3,548 (8.5%)% 74 (0.7%)* 727 (6.7%)* 1,025 (9.6%) 1,722 (17.7%)
Edoxaban long-term 1,473 (3.5%)F 9(0.1%)* 54 (0.5%)F 451 (4.2%)% 959 (9.9%)*
Dabigatran long-term 394 (0.9%)F 21 (0.2%)F 111 (1.0%)* 140 (1.3%)* 122 (1.3%)*
Spain 27,245 6,542 7,066 7,122 6,515
Rivaroxaban initially 991 (3.6%) 198 (3.0%) 228 (3.2%) 256 (3.6%) 309 (4.7%)
Apixaban initially 341 (1.2%)F 1(0.02%)* 43 (0.6%)F 76 (1.1%)* 221 (3.4%)*
Rivaroxaban long-term 1,879 (6.9%) 326 (5.0%) 460 (6.5%) 498 (7.0%) 595 (9.1%)
Apixaban long-term 1,659 (6.1%)* 53 (0.8%)* 305 (4.3%)* 437 (6.1%)* 864 (13.3%)*
Edoxaban long-term 873 (3.2%)F 8(0.1%)F 32 (0.4%)* 184 (2.6%)* 649 (10.0%)
Europe, other 10,414 2,647 2,873 2,419 2,475
Rivaroxaban initially 3,308 (31.8%) 624 (23.6%) 1,068 (37.2%) 794 (32.8%) 822 (33.2%)
Apixaban initially 730 (7.0%)* 2(0.1%)* 156 (5.4%)% 264 (10.9%)* 308 (12.4%)*
Rivaroxaban long-term 3,795 (36.4%) 793 (30.0%) 1,232 (42.9%) 901 (37.2%) 869 (35.1%)
Apixaban long-term 1,488 (14.3%)F 10 (0.4%)F 351 (12.2%)F 484 (20.0%)* 643 (26.0%)*
Edoxaban long-term 586 (5.6%)F 0 21 (0.7%)* 266 (11.0%)* 299 (12.1%)*
America 1,530 446 294 543 247
Rivaroxaban initially 454 (29.7%) 165 (37.0%) 118 (40.1%) 85 (15.6%) 86 (34.8%)
Apixaban initially 116 (7.6%)* 1(02%)* 9 (3.1%)* 33 (6.1%)* 73 (29.5%)
Rivaroxaban long-term 549 (35.9%) 190 (42.6%) 153 (52.0%) 112 (20.6%) 94 (38.1%)
Apixaban long-term 169 (11.0%)F 3(0.7%)F 17 (5.8%)F 60 (11.1%)* 89 (36.0%)
Edoxaban long-term 2(0.1%)* 0 1(0.3%)* 1(0.2%)* 0

Rest of the world 2,489 891 565 569 464
Rivaroxaban initially 388 (15.6%) 54 (6.1%) 67 (11.9%) 153 (26.9%) 114 (24.6%)
Apixaban initially 128 (5.1%)* 1(0.1%)* 18 (3.2%)F 29 (5.1%)F 80 (17.2%)*
Rivaroxaban long-term 408 (16.4%) 58 (6.5%) 84 (14.9%) 147 (25.8%) 119 (25.6%)
Apixaban long-term 232 (9.3%)F 8 (0.9%)F 54 (9.6%)* 44 (7.7%)* 126 (27.2%)
Edoxaban long-term 12 (0.5%)i 1(0.1%)* 0 0 11 (2.4%)*

Differences between patients receiving rivaroxaban vs. other drugs: *p < 0.05; Tp < 0.01; ip < 0.001. Bold words are the main subjects to study. Years of prescription, number of patients

Ttalic words apply for the total number of patients in each period of study and in the different parts of the world.





