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Abstract

Background: Thrombosis in light chain amyloidosis (LCA) occurs in the context of multiple
organ dysfunction and inflammation. Conventional coagulation tests (screening) may not
sufficiently capture the procoagulant substrate in the inflammatory/therapeutic dynamics.
Methods: A total of 61 consecutive patients with LCA were prospectively included in the
study. Clinical data, including organ involvement, time of diagnosis, treatment phase,
DOAC exposure and thrombosis history were systematically recorded and subjected to
screening. Specialized hemostasis tests such as APTT/PT, fibrinogen, D-dimer, TEG and
TGT were performed and conventional times were analyzed in the subgroup without
DOAC. Results: The prevalence of documented thrombosis was 32.8%, and thrombosis
status was associated with TEG positivity and more strongly with TGT positivity. Hyper-
coagulability was identified in 50.8% by TEG and 41.0% by TGT, regardless of whether
APTT/PT were within the reference values. APTT/PT did not predict thrombosis re-
currence (p > 0.05), which was predicted by TEG (p = 0.0027) and TGT (p = 0.0006). An
inflammation/fibrin turnover panel (CRP, fibrinogen, D-dimer) predicted TEG positivity
(p < 0.0001), but not TGT, and was correlated with assessment at diagnosis, daratumumab-
based therapy, and cardiac involvement. Conclusions: Global tests (TEG/TGT) promptly
correlate with thrombosis recurrence in our cohort and provide crucial information in
addition to clotting times for thrombotic phenotyping. Inflammation can influence TEG, so
the decision to recommend the tests and the timing of their performance should be adapted
to the clinical, biological, and therapeutic context.

Keywords: light chain amyloidosis; hypercoagulability; thrombosis; inflammation;
specialized coagulation assays; thromboelastography (TEG); thrombin generation
time (TGT)

1. Introduction
Light chain amyloidosis (LCA) is a systemic protein misfolding disorder in which

immunoglobulin light chains formed by clonal plasma cells are deposited as insoluble
amyloid fibrils, generating progressive malfunction of various organs and tissues [1–3].
Even though all organs may be involved, the kidneys and heart are the most common
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sites involved in LCA [4]. Renal involvement is the most frequent manifestation, while
cardiac involvement remains the main determinant of patient survival and prognosis [2].
Other organs, like the liver and gastrointestinal tract, may also be involved, giving LCA an
intricate and highly divergent clinical profile [5]. Some of the less reported complications
of LCA are the association of hemostatic abnormalities that could impact the disease
progression [1]. Even though hemorrhagic implications are generally better characterized
than thrombotic complications [6], the literature suggests that coagulation test abnormalities
are relatively common in clinical practice [7].

In addition to bleeding complications, LCA is increasingly recognized as a clinical
framework in which thrombotic manifestations take place with a clinically consistent
frequency; however, the thrombotic risk remains incompletely defined [7–9]. The prothrom-
botic status in LCA is likely multifactorial and includes acute phase transitions mediated
by endothelial dysfunction, immobilization, heart failure, inflammation in advanced forms
of heart disease, urinary loss of proteins with depletion of natural anticoagulants, as well
as factors connected to treatment or changes in vascular architecture given by amyloid
deposition [7]. The production of neutrophil extracellular traps (NETs) should also be
considered in the case of prothrombotic events in highly inflammatory contexts [10]. NETs,
resulting from the proinflammatory and endothelial-dysfunctional environment in LCA,
may contribute to thrombosis and organ damage [11]. Simultaneously, LCA could also
predispose to bleeding complications, which could be explained by underlying mechanisms
such as vascular fragility, acquired coagulation factor deficiencies, and thrombopathies,
resulting in an intricate and often paradoxical hemostatic phenotype [12].

A major challenge in clinical practice is that conventional coagulation tests provide
only a partial and static picture of coagulation and may not adequately reflect the dynamics
of the whole blood clot or the overall thrombin-forming capacity [13]. Consequently, we
are starting to see growing endorsement for global hemostasis lab work, which includes
viscoelastic explorations and thrombin generation testing, which contribute complementary
as well as functional information [14–16]. Thromboelastography (TEG) integrates cellular
as well as plasmatic coagulation attributes and provides a systematic characterization of
clot initial formation, strength, and propagation [17], while thrombin generation time (TGT)
quantifies the capacity of plasma to form thrombin over time [18], the central element
in fibrin formation and, therefore, thrombosis. However, prospective articles evaluating
how these explorations contribute to the prothrombotic status in LCA remain limited,
particularly in more recent cohorts with exposure to heterogeneous therapeutic approaches
and frequent use of DOACs (direct oral anticoagulants), which may influence, in some
circumstances, test interpretation.

In this context, we performed a prospective, single-centre study to characterize hemo-
static and inflammatory profiles in LCA using a structured panel of biochemical markers,
conventional hemostasis parameters (including indices of clotting time and factor X activity
(FX), carefully interpreted in the presence of anticoagulant exposure), and global functional
testing by TEG and TGT. The primary objective was to assess whether global hemostatic
phenotypes are associated with a thrombotic clinical profile in LCA and to explore the
relationship between hypercoagulability signatures and markers related to inflammation,
organ involvement, and treatment context.

2. Materials and Methods
2.1. Ethics

This study was conducted within the Department of Hematology of the Fundeni
Clinical Institute, Bucharest, in accordance with the Declaration of Helsinki and its amend-
ments. All patient data were anonymized before statistical analysis and interpretation
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of the results. The protocol of this study was approved by the hospital ethics committee.
Informed consent was obtained for participation in the study at the time of diagnosis or at
the patient follow-up visit, in accordance with the procedural standards of the Institute.

2.2. Patients and Study Design

This prospective, single-centre study investigated hemostasis and coagulation profiles
in a cohort of 61 consecutive patients with confirmed light chain amyloidosis, who were
enrolled and evaluated at our institute between January 2024 and June 2025.

Clinical and laboratory data relevant to thrombotic risk and hemostatic status were
collected in the study, including previous thrombotic history, major organ involvement,
current disease status, antithrombotic therapies, background therapy, ongoing therapy, al-
bumin levels, kappa/lambda (κ/λ) light chains, C-reactive protein (CRP), global hemostasis
tests such as prothrombin time (PT), activated partial thromboplastin time ratio (APTT-R),
fibrinogen (FG), D-dimers specialized hemostasis tests (TEG, TGT, FX).

Major organ involvement was systematically recorded (dichotomously), thus docu-
menting patients who had renal, cardiac, or hepatic involvement. These organ involvements
were selected because organ dysfunction related to LCA may influence hemostasis through
their distinct mechanisms.

Global coagulation status was documented using viscoelastic functional tests, as well
as plasma-based tests (APTT, PT, fibrinogen, factor X). The TEG-derived hypercoagulability
classification was documented to provide an integrative, whole blood-based assessment of
clot initiation, strength, stability, and kinetics. In parallel, we documented the thrombin
generation (TGT)-derived hypercoagulability classification, as thrombin generation rep-
resents a central mechanistic readout of coagulation potential and can sensitively detect
thrombosis-relevant procoagulant changes in plasma systems [19,20].

Finally, treatment-related parameters at the time of patient inclusion were recorded
to account for how they may influence laboratory results. This included mention of back-
ground therapy, with particular attention to daratumumab-based therapeutic protocols,
thus taking into account the potential of therapy to modify disease activity, systemic in-
flammation, endothelial activation, and ultimately the hypercoagulability profiles given
by laboratory results [21–23]. It was also documented whether data recording occurred
at initial diagnosis versus during treatment. In addition, the use of direct oral anticoag-
ulants (DOACs) at the time of sample collection was documented to allow for accurate
interpretation of test results.

2.3. Sample Processing

Biochemistry assays (albumin, free light chains κ and λ, CRP) were accomplished
using the patient’s serum. Venous blood was gathered in serum separator tubes using the
accepted aseptic techniques, with reduced application of the tourniquet. Samples were
deposited to clot for a minimum of half an hour, following centrifugation and processing
within 2 h of collection (2500× g, 10 min). Serum was separated immediately after cen-
trifugation and processed or stored (at 2–8 ◦C for up to 72 h or at −20 ◦C for long-term
storage). Samples that showed macroscopic hemolysis, icterus or lipemia were excluded
from the analysis, regardless of the sample type. Serum albumin was determined by a col-
orimetric method using bromocresol green and bromocresol purple on an open automated
biochemistry platform, and C-reactive protein (CRP) was measured on the same platform
by immunoturbidimetric methods. Serum free κ and λ light chains were measured using
automated immunonephelometry or immunoturbidimetry. Calibration and internal quality
controls were performed according to the manufacturer’s recommendations for each assay.
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Venous blood for coagulation tests was collected in 3.2% sodium citrate tubes
(anticoagulant-blood ratio 1:9). The tubes were gently shaken to mix with the anticoagulant
and analyzed for micro-clots. Platelet-poor plasma (PPP) was collected by centrifugation at
2500× g for 15 min then carefully separated without disturbing the top cell layer. Plasma
was analyzed promptly, when possible, otherwise, 1–2 mL aliquot tubes were stored for
short periods of time at −20 ◦C or long term at −80 ◦C, then defrosted at 37 ◦C before
testing. Coagulated, underfilled, or hemolyzed samples were excluded from the workflow.

Activated partial thromboplastin time, as well as prothrombin time (APTT and PT)
were made using an automated open platform analyzer (Stago R-MAX III) using reagents
regulated by the manufacturer [24]. Results were expressed as ratio for APTT and percent-
age for PT. Fibrinogen was determined using the Clauss method, and plasmatic D-dimers
levels were assessed by immunological methods [24,25]. Factor X activity was performed
using a one-stage coagulation test, and the activity was reported as a percentage out
of normal.

Viscoelastic testing was performed by TEG on fresh whole blood (standard collection
on sodium citrate), according to the manufacturer’s protocol (additional activation with
kaolin), reporting R, K time, ANGLE, maximum amplitude (MA) and lysis indices [26].
This method was used as a screening test for hypercoagulability as TEG parameters are
more sensitive to FG levels (especially the MA).

Thrombin generation was assessed in platelet-poor plasma using the automated Stago-
Genesia analyzer. Lag, time to peak, peak and total endogenous thrombin potential were
derived from the thrombin generation curve [27]. Calibration, internal quality controls
and participation in external quality assessment were applied throughout the testing, and
all analyses were performed in accordance with the standard operating procedures of the
internal laboratory and the manufacturer’s instructions and legal regulations related to
diagnostic propaedeutics.

2.4. Statistical Analysis

Statistical workflow was performed with GraphPad Prism for Windows (v.10) software
(GraphPad Software, San Diego, CA, USA).

Given the possibility of a non-Gaussian distribution of coagulation results in clinical
cohorts and the rather small to medium sample size, continuous variables were briefed
using the interquartile range (IQR/25th–75th percentiles) and median. Where relevant to
characterize extreme values, the 95th percentile (P95) was additionally reported.

Correlations between dichotomous variables were evaluated using Fisher’s exact test
(with Monte Carlo approximation).

To investigate independent relationships between laboratory predictors and binary
outcomes (e.g., presence or absence of a particular clinical feature), multiple logistic regres-
sion was applied. The multiple logistic regression analysis test is used when the outcome is
documented as binary (examples: yes/no, present/absent). In order to explain/predict
this outcome at least two predictors (continuous independent variables in our case) are
used. The core idea of the test is that instead of modelling the outcome directly, it models
the log-odds of the outcome being 1 then converts the linear score into a probability using
a logistic S-shaped mathematical function. Throughout the article the concept of “model”,
“multivariable analysis” or “logistic model” will be used as a reference to the functionality
of the statistical test (the different outcomes and predictors used each time the test was used
will also be specified). The outcomes of the multiple logistic regressions were quantified
as p-values, along with the area under the curve (AUC). A p value < 0.05 was considered
statistically significant.

https://doi.org/10.3390/diagnostics16070987

https://doi.org/10.3390/diagnostics16070987


Diagnostics 2026, 16, 987 5 of 14

3. Results
3.1. Patient Characteristics

Throughout the cohort, 20 participants (32.8%) had thrombosis in their history, of
which six participants (9.8%) presented thrombosis before the diagnosis was confirmed.
Organ involvement was confirmed as follows: hepatic involvement in 21 patients (34.4%),
renal involvement in 34 patients (55.7%), and cardiac involvement in 37 participants (60.7%),
of which 20 patients (32.7% out of total participants) were documented with atrial fibrilla-
tion and 17 patients (27.8% out of total participants) were documented with heart failure
(categories are not mutually exclusive). Hemostasis and coagulation assays identified a
hypercoagulable phenotype for 31 participants (50.8%), using TEG and for 25 participants
(41.0%) using TGT. Regarding therapeutic status at the time of patients inclusion in the
study, 43 participants (70.5%) were receiving daratumumab-based therapy, 18 participants
(29.5%) were included at the initial diagnosis of the disease, and 26 participants (42.6%)
were under anticoagulation therapy using DOACs, most of them for prophylactic purposes
for atrial fibrillation (20 patients—32.7%). In order to evaluate disease prognosis/severity,
the Palladini and Mayo staging are presented alongside patient characteristics in Table 1.

Table 1. Patient characteristics included in the study (total participants n = 61).

Category Number of Patients (n) Percent of Total (%)

Thrombosis history 20 32.8
Cardiac involvement 37 60.7
Hepatic involvement 21 34.4
Renal involvement 34 55.7

Hypercoagulability by TEG 31 50.8
Hypercoagulability by TGT 25 41

Under therapy
(daratumumab) 43 70.5

At initial diagnosis 18 29.5
DOACs 26 42.6

MAYO stage I 24 39.3
MAYO stage II 22 36.0

MAYO stage IIIA 9 14.7
MAYO stage IIIB 6 9.8

PALLADINI stage I 30 49.1
PALLADINI stage II 25 40.9
PALLADINI stage III 6 9.8

Within the cohort, the biochemical profile is characterized by a median serum albumin
level of 3.6 g/dL (IQR 2.8–9.8), along with a right-skewed distribution of free light chains k,
16 mg/L (IQR 8.2–59) and l, 23 mg/L (IQR 12–48) and an increased inflammatory status,
with CRP 8 mg/L (IQR 2.7–24). In the subgroup that did not receive DOACs, coagulation
parameters were generally within reference ranges, with APTT ratio 0.97 (IQR 0.92–1.12),
PT 96% (IQR 84–109), and FX 98% (IQR 78–156), while the broader haemostasis panel
indicated an inflammatory increase in fibrinogen (490 mg/dL, IQR 396–570) and a D-dimer
distribution with a median below the cut-off threshold (224 ng/mL, IQR 132–457) but a
significantly increased upper end, 95th percentile (P95, 1118 ng/mL). Whole blood TEG
testing demonstrated values consistent with preserved clot initiation kinetics (R 5.3 min,
K 1.2 min) and a trend toward stronger and faster clot formation in the upper part of
the graph, with an ANGLE of 73◦, MA 68 mm, and G 10. Thrombin generation (TGT)
additionally showed a wide dispersion, with median LAG of 3.7 min, peak of 175 nM,
time to peak of 6.7 min, and ETP of 1127 nM/min, and maximum 95th percentiles (11 min,
470 nM, 12 min, and 2169 nM/min, respectively), supporting substantial interindividual
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variability in thrombin generation capacity within the cohort. All of the results above
(medians, IQR, as well as the normal interval ranges, in addition to the 95% percentile) are
displayed in Table 2.

Table 2. Median, IQR, P95 and normal interval ranges of lab results.

Test Type Median IQR (25–75%) 95% Percentile Normal Interval
Range

Biochemistry assays
ALBUMIN 3.6 2.8–9.8 4.9 3.5–5 g/dL

κ 16 8.2–59 513 3.3–19.4 mg/L
λ 23 12–48 3609 5.7–26.3 mg/L

CRP 8 2.7–24 74 0.8–3.0 mg/L
Coagulation assays

(no DOACs)
APTT-R 0.97 0.92–1.1 1.5 0.8–1.2

PT 96 84–109 124 80–120%
FX 98 78–156 144 60–140%

Coagulation assays
FG 490 396–570 713 200–400 mg/dL

D DIMERS 224 132–457 1118 <500 ng/mL
TEG

R 5.3 4–6.7 7.8 2–8 min
K 1.2 1–1.5 1.9 1–3 min

ANGLE 73 68–75 80 55–78 degrees
MA 68 64–75 80 51–69 mm
G 10 9–15 20 4.6k–10.9k d/sec

TGT
LAG 3.7 2.8–5.1 11 min

PEAK 175 110–281 470 nM
TIME TO PEAK 6.7 5.5–7.7 12 min

ETP 1127 793–1611 2169 nM/min

Table 2: κ and λ—light chains kappa and lambda; TEG-derived parameters are com-
posed by: R (reaction time—the distance from the start of the sample run to the point of
the first clot formation measured in minutes), K (distance required for the clot strength to
reach an amplitude of 20 mm, measured in minutes), ANGLE (the measurement in degrees
of arc from the point of divergence to the maximum tangent drawn to the curve of the clot
formation), MA (the maximum amplitude of the clot strength prior to clot lysis, influenced
by fibrinogen and platelet activity, measured in mm), G (the shear elastic modulus strength
of the clot measured in d/sec); TGT-derived parameters: LAG (the time necessary for the
reaction to start—the latency period before the thrombin generation begins measured in
minutes), PEAK (the maximum thrombin level that has been reached measured in nM),
TIME TO PEAK (the time between the debut of thrombin generation and the PEAK mea-
sured in minutes), ETP (the area under the thrombin generation curve that represents the
total endogenous thrombin generation potential measured in nM/min).

3.2. Correlation Between Thrombosis Recurrence and Organ Involvement, Moment of Diagnosis
and Therapeutic Status

In order to document whether thrombosis recurrence could be associated with de-
terminant clinical variables, a series of Fisher’s exact tests were performed, that compare
thrombosis history with major organ involvement, presence of treatment, and diagnostic
moment. No significant statistical correlations were identified between thrombosis and the
moment of patient presentation at initial diagnosis (p > 0.05) or being under daratumumab-
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based therapy at the time of the inclusion in the study (p > 0.05). Similarly, thrombotic
recurrence was not statistically associated with renal involvement (p > 0.05), hepatic in-
volvement (p > 0.05), or cardiac involvement (p > 0.05). Collectively, these analyses did not
show a notable relationship between thrombotic recurrence and the documented patterns
of treatment status, organ involvement, or timing of diagnosis in our cohort.

3.3. Correlation Between Thrombosis Recurrence and Test-Dependent Hypercoagulability Status,
Their Utility as Prediction Factors and How Inflammation Impacts Thromboelastography and
Thrombin Generation Time Results and Interpretation

Subsequently, multivariable analyses were performed to assess predictors for throm-
bosis recurrence and to explore determinants of hypercoagulability, as defined by global
tests. Using the multiple logistic regression analysis in order to predict the thrombosis
recurrence (outcome) using variables (predictors) that include APTT ratio and prothrom-
bin time (PT), we conclude that conventional clotting times did not significantly predict
thrombosis recurrence (p > 0.05). In contrast, the same statistical analysis that uses TEG pa-
rameters (K, ANGLE, and MA) as predictors was significantly associated with thrombosis
recurrence (p = 0.0027, Figure 1A), indicating that whole blood viscoelastic markers of clot
kinetics and clot resistance were predictive of thrombotic status in this cohort. Similarly,
using a multiple logistic regression model that uses TGT parameters (Peak and ETP) as
predictors, we conclude that thrombin generation capacity was much more strongly related
to thrombosis recurrence (p = 0.0006 Figure 1B).

  
(A) (B) 

Figure 1. TEG and TGT parameters predicting thrombosis recurrence. (A)—K, ANGLE, and MA (TEG-
derived parameters) used as predictors in order to determine the thrombosis recurrence (outcome)
using the multiple logistic regression analysis (left); (B)—Peak and ETP (TGT-derived parameters)
used as predictors in order to determine the thrombosis recurrence (outcome) using the multiple
logistic regression analysis (right).

Consistent with these results, contingency table analyses proved significant correla-
tions between thrombosis history and hypercoagulability status put into perspective by our
viscoelastic and thrombin generation assays. Fisher’s exact test showed that thrombosis
status was associated with TEG-defined hypercoagulability positivity (p = 0.0066) but even
more strongly with TGT-defined hypercoagulability positivity (p < 0.0001).

Finally, we determined whether systemic inflammation and fibrin turnover level
markers were related to the hypercoagulability status shown by our global testing. Using
multiple logistic regression, a multivariable model that uses CRP, FG, and D-dimer as
predictors, positively predicted the outcome defined as TEG-positive status for hypercoag-
ulability (p < 0.0001). In contrast, the analogue model that uses the same multiple logistic
regression analysis principle did not significantly predict the outcome of TGT-positive sta-
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tus for hypercoagulability, using Peak and ETP variables as predictors (p > 0.05), suggesting
that, within this data set, parameters related to inflammation were more closely aligned
with viscoelastic hypercoagulability investigations rather than with positivity defined by
plasma thrombin generation testing. These findings are consistent with the platform-based
differences between TEG and TGT, as TEG results are known to be highly dependent on
fibrinogen levels (especially the MA of the clot strength prior to clot lysis influenced by
fibrinogen and platelet activity). The results are shown in Figure 2A,B.

(A) (B) 

Figure 2. Inflammation markers predicting hypercoagulation in TEG and TGT. (A)—CRP, FG and D-
dimer (inflammation derived parameters) used as predictors in order to determine TEG positivity for
hypercoagulation (outcome) using the multiple logistic regression analysis (left); (B)—CRP, FG and
D-dimer (inflammation derived parameters) used as predictors in order to determine TGT positivity
for hypercoagulation (outcome) using the multiple logistic regression analysis (right).

3.4. Inflammatory Stratification in Light Chain Amyloidosis

Multiple logistic regression was used to assess if inflammation markers and plasmatic
levels of fibrin (CRP, D-dimer, and fibrinogen) can be used as predictors of specific clinical
framework outcomes. The results accurately predicted the outcome if the patients were
investigated at initial diagnosis (p = 0.0114) and also promptly predicted the outcome if
they were under any active daratumumab-based therapy at the time of their inclusion in
the study (p = 0.0414). When organ involvement was analyzed, using the same set of lab
work, a borderline association with liver involvement (p = 0.0539) was established, while
there was a significant association with cardiac involvement (p = 0.0131). These results
indicate that the global inflammatory profile captured by CRP, D-dimer, and fibrinogen
varies with disease progression and is more promptly related to cardiac involvement rather
than to hepatic involvement in our cohort. The results are shown in Figure 3A,B.

(A) (B) 

Figure 3. Inflammation markers predicting the moment of study inclusion and therapy status.
(A) CRP, FG and D-dimer (inflammation derived parameters) used as predictors in order to determine
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if the patient was included in the study at the moment of diagnosis (outcome) using the multiple
logistic regression analysis (left); (B) CRP, FG and D-dimer (inflammation derived parameters) used
as predictors in order to determine if the patient was under daratumumab-based therapy at the
moment of inclusion in the study (outcome) using the multiple logistic regression analysis (right).

4. Discussion
The presented cohort reflects a defining population for how laboratory explorations

of blood coagulation overlap with a group of patients with multiple organ involvement,
anticoagulant medication, and complex inflammatory processes. A defining feature is
the substantial impact of major organ involvement, especially cardiac (60.7%) and re-
nal (55.7%), with hepatic involvement present in 34.4%, which confers a real clinical
impact because organ dysfunction is closely linked to hemostatic balance through multiple
pathways [28–30]. Hepatic function of coagulation factor synthesis [31], renal protein
loss [32], and the severity of systemic disease that is captured in cardiac involvement [33]
are just a few examples of the mechanisms by which exploratory propaedeutics assess the
risk of bleeding or thrombosis, and they must be constantly adapted to ensure consistent
accuracy. Consequently, the impact of the study is relevant to similar LCA populations,
given the prevalence and low incidence of the disease type.

Another defining feature of the population is the high prevalence of documented
thrombosis (32.8%), underlining that thrombotic complications are not rare events in
the clinical trajectory of the patient with LCA and supporting the rationale for intensive
haemostatic phenotyping. This prevalence is higher than previously reported results in
other series and retrospective analyses on thrombotic risk, where thrombosis rates in
LCA are often described as single-digit percentages [34]. These differences may be due to
variability in study designs and outcome measures, or even due to the size of the cohort
to be analyzed. In this context, the prevalence of thrombosis observed in our cohort most
likely reflects an interaction of lifestyle-related pathologies (patients with multiple organ
involvement superimposed on a logistic space known for a high prevalence of diseases
in the cardiovascular domain), together with a more extensive inclusion of thrombotic
history documentation.

Finally, the therapeutic landscape of the cohort is contemporary and useful to explicitly
incorporate into the interpretation of both clinical associations and the way in which
diagnostic reasoning of hemostasis and coagulation studies occurs. The majority of patients
were receiving daratumumab-based therapy (70.5%), almost a third were assessed at initial
diagnosis (29.5%), and a large proportion were on DOAC anticoagulant therapy (42.6%),
mostly preventive (atrial fibrillation), but also in curative doses after a thrombotic event.
These characteristics are not merely descriptive; plasma cell-targeted therapy may influence
systemic inflammation [35] and endothelial activation over time, while DOAC exposure
introduces a major analytical and biological confounder for routine testing in the context
of thrombotic risk assessment [36]. Therefore, our analytical decision to interpret selected
conventional coagulation parameters in the DOAC-free subgroup is methodologically
appropriate, but residual confounding factor remains a key consideration for interpreting
screening tests in everyday practice for patients under DOAC therapy, in centres with no
access to specialized investigations (TGT).

In the study population, a central finding is the high prevalence of global hyperco-
agulability, documented in 50.8% of patients by TEG and 41.0% by TGT, indicating that a
functional ex vivo procoagulant phenotype is frequently encountered in our cohort com-
pared with screening tests. A second major issue of discussion is the limited predictive
value of conventional clotting time tests for thrombotic phenotypes, in contrast to the
stronger feedback provided by specialized tests. In our multivariable model, the APTT
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and PT ratios did not predict recurrent thrombosis (p > 0.05), suggesting that clotting-
time-based tests, which mainly reflect early plasma clot initiation, may be insufficient to
capture the prothrombotic biology found in our pathophysiological context. This supports
the premise that conventional hemostasis testing is not sufficient to capture coagulation-
relevant changes [37] and also raises the methodological point that TEG and TGT are not
interchangeable [38]. They interrogate different biological compartments (whole blood vs.
platelet-poor plasma) and different aspects of coagulation dynamics. The wide dispersion
observed between TEG versus TGT parameters in Table 2 is consistent with substantial
interindividual heterogeneity, which may translate into partial discordance in the classifica-
tion of “positivity” between platforms, even when both signal hypercoagulability at the
study participant level.

This interpretation is also supported by the fact that, even when conventional param-
eters are largely within reference ranges in the non-DOAC subgroup, the studied cohort
still demonstrates frequent hypercoagulability by global functional methods, suggesting
that the predisposition to thrombosis may be more closely explained by clot propagation
and the ability of plasma to generate thrombin than by initiation times alone. Finally, the
clinical relevance of global testing is strengthened by the correlation between hypercoagu-
lability and thrombosis and by the superior discriminative relevance of plasma thrombin
generation. Specifically, recurrent thrombosis in the analyzed population was significantly
associated with TEG positivity (p = 0.0066) and even more strongly with TGT positivity
(p < 0.0001).

In parallel, prediction models using TEG parameters (MA, ANGLE, K) (p = 0.0027)
and TGT parameters (ETP, Peak) (p = 0.0006) were able to predict thrombosis recurrence,
suggesting a pathophysiological interpretation in which both kinetics, the proper structure
of the whole blood clot, including the potential of plasma-generated thrombin contribute
to the described thrombotic phenotype. The type of organ involvement documented or
the patient’s medical evolution might be considered plausible factors that could facilitate
thrombosis [2,33]. However, in this cohort, our statistical analysis did not detect a significant
association between the recurrence of thrombosis and a specific type of organ involvement,
whether the patient was receiving daratumumab-based therapy or if the patient was
included in the study at the time of initial diagnosis.

These results can be interpreted in accordance with the documented organ involve-
ment as a binary variable, but may not capture sufficient severity stratifications that are
more directly related to thrombotic biology (protein loss in the nephrotic interval with
concomitant increase in lipoprotein production, advanced cardiac dysfunction with re-
current blood flow disturbance and endothelial-haemostatic balance disturbances), while
therapeutic variability and direct oral anticoagulant therapy may influence the differences
observed between groups. In addition, the cohort size, considered to be small to medium
for the type of pathology chosen to be studied, and the distribution of events may limit the
relevance of the statistical results for detecting associations and how statistical correlations
occur in stratified contingency tables.

A significant finding is the platform-specific association (used for biological product
analysis—whole blood vs. plasma—TEG vs. TGT) between inflammation/fibrin produc-
tion and hypercoagulability status. In our multivariable model, the combined set of selected
inflammatory markers (D-dimers, FG and CRP) strongly predicted how they influence a
positive result on the TEG platform (p < 0.0001), while the same model did not influence
the interpretability of the result on the TGT platform (p > 0.05). This propaedeutic diver-
gence supports a discussion related to the mechanism of the platform used to stratify the
result [31], according to which the positivity of viscoelastic hypercoagulability of whole
blood is more strongly correlated with acute phase biology (namely, the fact that inflamma-
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tion plays a much more responsive/determining role for fibrinogen-mediated clot firmness
and cellular contributions of platelets, red blood cells or even neutrophils) [39] than the
positivity stratified by the generation (or generation potential) of plasma thrombin [40],
which may be influenced by a more sensitive balance of anticoagulant and procoagulant
forces and may be more susceptible to preanalytical or pharmacological factors. The expla-
nation resides in the way fibrinogen defines the maximum amplitude parameter on TEG as
MA is known to be influenced by FG and platelet activity and is the main parameter used
for hypercoagulability appreciation. In practical terms, these results substantiate the utility
of TEG testing and complementary TGT (in case TEG is positive for a hypercoagulability
status), with exclusivity interpreted in the clinical and biological context, in order to exclude
the bias factor induced by inflammation on TEG, the positivity of hypercoagulability on
TEG being more easily aligned with inflammation.

Finally, the results of inflammation stratification, based on the multivariable model
used, provide a coherent anchor for interpreting the impact of inflammation in our co-
hort. The same panel of markers (CRP, FG, D-dimers) was able to significantly predict
whether patients were assessed at diagnosis (p = 0.0114) or whether they were on treatment
(p = 0.0414), and this correlation was significantly associated with cardiac involvement
(p = 0.0131), while showing only a borderline association with hepatic involvement
(p = 0.0539). These findings can be assimilated into clinical practice in that the inflam-
matory/fibrin turnover environment in LCA is not static, but varies according to the phase
of the disease (often patients present at diagnosis with an acute event) or the existence of
treatment (known to support the inflammatory status) and seems more closely related to
cardiac involvement [7,34]. Conceptually, this supports the consideration that parameters
used to explore inflammation and fibrin turnover may have a potential use as markers of
systemic burden. This information could be integrated as part of daily medical practice
and may modulate the dynamics of whole blood laboratory tests, even when they do not
translate into a uniform impact on plasma thrombin generation.

A feasible workflow in daily clinical practice can be represented by the recommenda-
tion of global testing (TEG/TGT) at key decision points, especially at diagnosis and during
monitoring during treatment, given that markers of inflammation/fibrin turnover vary
according to the phase of the disease or treatment and predict TEG positivity in our data
set. TEG may provide earlier prospective insight and shorter follow-up times, depending
on a less laborious technique, but it is imperative to assess the inflammatory status before
referral for testing. If the inflammatory status denotes an acute process, the propaedeutics
can be directed towards testing for thrombin generation. Implementation should also
explicitly take into account DOAC exposure and the time of sampling, consistent with the
methodological separation of the selected conventional tests in the non-DOAC subgroup.

Strengths of this article include the prospective design, systematic capture of key clini-
cal variables, and global dual-platform testing (TEG and TGT) with defined preanalytical
steps and quality procedures. The analytical approach appropriately combined Fisher’s
exact test with multivariable predictive models for dichotomous endpoints.

Limitations are mainly driven by the size of the cohort to be analyzed and endpoints,
namely the single-centre setting with a moderate sample size (n = 61), heterogeneity of
disease stage and therapy, substantial exposure to alternative oral anticoagulants (DOACs),
and the use of history of thrombosis rather than incident events that may be inducing
or facilitating thrombotic events. Next steps should prioritize prospective validation
of incident events, longitudinal sampling for each study participant (from diagnosis to
response to treatment), standardized timing with respect to anticoagulants, and use of
the proposed workflow for its validation. Another important step should also include
the expansion of the cohort to a more statistically significant number, focusing on the
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uniformization of the subgroups so that the statistical analysis provides results that could
be presented as conclusions, and not as suggestions, regarding the predictive value of
our variables.

5. Conclusions
This prospective cohort addressing LCA captures a complex population in which

multiorgan dysfunction (cardiac, renal, and hepatic) and plasma cell-directed therapy influ-
ence the interpretation and exploratory recommendations of hemostasis and coagulation.
Because the aforementioned factors modify the way we classically interpret laboratory test
results, the assessment of thrombosis risk must be individualized.

Thrombosis was frequently documented, supporting the hypothesis of extensive
phenotyping. Global functional tests showed frequent hypercoagulability (TEG and TGT)
even when clotting times were recorded as being within normal parameters. APTT and
PT ratios did not predict thrombosis recurrence, while models using TEG (K, Angle, MA)
and TGT (Peak, ETP) were able to predict it, highlighting a stronger clinical utility and
non-interchangeability of the platforms between whole blood and plasma (viscoelastic test
versus thrombin generation).

Inflammation/fibrin turnover predicted TEG positivity, but not TGT, suggesting a
tendency for a bias towards positivity of viscoelastic results in an inflammatory context.
Clinically, TEG/TGT should thus be targeted at the time of diagnosis and during treatment,
taking into account the inflammation status. However, larger longitudinal studies are
needed, with standardized sampling and broader screening of the cohort by exclusion
criteria that include ancillary events that may induce thrombosis.
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DOACs Direct anti coagulants
ETP Endogenous thrombin potential
FG Fibrinogen
FX Coagulation factor X
IQR Interquartile range
LCA Light chain amyloidosis
MA Maximum amplitude
NETs Neutrophil extracellular traps
P95 95th Percentile
PPP Platelet poor plasma
PT Prothrombin Time
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