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Abstract

Background: Active tuberculosis (IB) is increasingly recognized as a systemic thrombo-
inflammatory condition capable of inducing a clinically relevant hypercoagulable state and
increasing the risk of venous thromboembolism, including pulmonary embolism (PE). How-
ever, this association remains underrecognized in clinical practice, and its biological and
therapeutic implications are not yet fully defined. We report two cases of active pulmonary
tuberculosis complicated by PE and review the literature to highlight the temporal pat-
terns, laboratory features, and clinical relevance of TB-associated hypercoagulability. Case
Presentation: The first case involved a 65-year-old man with stage II chronic obstructive
pulmonary disease in whom PE was identified concurrently with the diagnosis of active
pulmonary TB. The second case concerned a 43-year-old man with severe pulmonary tuber-
culosis and subsequent intestinal involvement, in whom bilateral PE developed during the
early intensive phase of antituberculous therapy. In both patients, laboratory evaluation
demonstrated a consistent prothrombotic profile characterized by reactive thrombocytosis,
elevated inflammatory markers, increased fibrinogen and D-dimer levels, and reduced
protein C and protein S activity. Both patients received standard antituberculous ther-
apy combined with therapeutic anticoagulation, with favorable clinical, laboratory, and
radiological outcomes. Discussion: These cases are consistent with emerging evidence
that active tuberculosis may induce a reversible infection-related hypercoagulable state
through systemic inflammation, endothelial dysfunction, platelet activation, impaired
fibrinolysis, and transient depletion of natural anticoagulants. They illustrate two clinically
relevant temporal patterns described in the literature, namely PE detected at diagnosis
and PE developing during early treatment despite appropriate therapy. The normaliza-
tion of coagulation abnormalities after treatment further supports an acquired TB-related
thrombo-inflammatory mechanism. Conclusions: Active tuberculosis may be complicated
by pulmonary embolism both at presentation and during the early phase of treatment.
Reactive thrombocytosis, elevated inflammatory markers, increased D-dimer levels, and
reduced protein C and protein S activity may serve as useful indicators of TB-associated
hypercoagulability. Pulmonary embolism should be considered in patients with severe
tuberculosis who show unexplained deterioration or delayed recovery. Larger prospec-
tive studies are needed to clarify the role of coagulation profiling and biomarker-guided
management in this setting.
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1. Introduction

Tuberculosis (TB) is increasingly recognized not only as an infectious pulmonary
disease but also as a systemic inflammatory and prothrombotic disorder. Growing epi-
demiological evidence indicates that active TB substantially increases the risk of venous
thromboembolism (VTE), particularly pulmonary embolism (PE), with reported rates sig-
nificantly higher than those observed in non-TB populations [1,2]. Meta-analytic data
suggest that patients with active tuberculosis have nearly a threefold increased risk of VTE,
while hospital-based cohorts further demonstrate that thromboembolic complications are
associated with markedly increased mortality [1]. The pathophysiological basis of this
association is complex and multifactorial. Active TB triggers an intense cytokine-mediated
inflammatory response dominated by interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor
necrosis factor-alpha (TNF-o), which collectively activate coagulation pathways, increase
fibrinogen and factor VIII synthesis, enhance plasminogen activator inhibitor-1 (PAI-1), and
suppress endogenous anticoagulant mechanisms, including protein C and protein S [3-5].
This results in a hypercoagulable and hypofibrinolytic state that strongly predisposes
patients to thrombus formation [6].

In parallel, endothelial activation and tissue factor expression promote thrombin
generation and localized immunothrombosis, while reactive thrombocytosis and platelet
hyperreactivity further amplify coagulation through platelet-monocyte crosstalk and re-
lease of mediators such as PF4, VEGF-A, and PDGF-BB. Importantly, multiple studies
have shown that these abnormalities, particularly the reduction in natural anticoagulant
proteins, tend to normalize after effective antituberculous therapy, supporting the concept
of a reversible infection-driven thrombophilic state [7,8]. These data support the concept
that severe active TB should be viewed as a multisystem thrombo-inflammatory condition,
in which systemic inflammation, endothelial dysfunction, impaired fibrinolysis, platelet
activation, and transient anticoagulant depletion converge to markedly increase thrombotic
risk [9].

Against this background, we present two cases of active pulmonary tuberculosis
complicated by pulmonary embolism that illustrate distinct clinical scenarios: pulmonary
embolism identified at the time of tuberculosis diagnosis and pulmonary embolism devel-
oping during the early intensive phase of antituberculous treatment in severe multisystem
disease. Together, these cases highlight the possible persistence of thrombotic risk during
early treatment and the reversible nature of tuberculosis-associated coagulation abnormali-
ties. Although the association between active tuberculosis and venous thromboembolism
has been previously reported, the diagnostic challenge remains clinically relevant because
pulmonary embolism may occur either at presentation or during early antituberculous
therapy, when respiratory symptoms may be attributed to tuberculosis itself. The purpose
of this report is therefore not to present TB-associated pulmonary embolism as a new entity
but to illustrate two distinct temporal patterns and to emphasize the potential diagnos-
tic value of persistent inflammation, rising D-dimer levels, reactive thrombocytosis, and
transient reduction in protein C and protein S activity in patients with active tuberculosis.
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2. Case Presentations
2.1. Case 1

A 65-year-old retired factory worker with a known history of stage II chronic obstruc-
tive pulmonary disease (COPD) presented with progressive worsening of his baseline
respiratory symptoms over approximately three weeks. He reported a persistent and
increasingly productive cough, occasionally associated with hemoptysis, progressive dysp-
nea on minimal exertion, intermittent fever, and profound fatigue that significantly limited
his daily activities.

On admission, the patient was tachypneic with shallow respirations and oxygen
saturation of 92% on room air. Pulmonary auscultation revealed newly developed crackles
over the right upper lung field, raising suspicion for active parenchymal pathology.

Laboratory evaluation demonstrated a pronounced inflammatory and prothrombotic
profile: CRP 120 mg/L, ESR 70 mm /h, reactive thrombocytosis (620,000/1L), normocytic
anemia (hemoglobin 10.5 g/dL), and D-dimer markedly elevated at 970 ng/mL. Extended
coagulation studies revealed protein C activity reduced to 50% and protein S activity
reduced to 45%, collectively consistent with an acquired hypercoagulable state (Table 1).
HIV serology was negative.

Table 1. Paraclinical parameters.

Case 1 Case 1 Case 2 Case 2

Parameter (Initial) (6 Months) Normal Range (Initial) (6 Months) Normal Range
Hemoglobin (g/dL) 10.5 13.8 13-17 9.8 13.2 13-17
Platelets (/uL) 620,000 275,000 150,000-400,000 750,000 240,000 150,000-400,000
White Blood Cells (/uL) 7800 6900 4000-11,000 8100 7200 4000-11,000
C-Reactive Protein (mg/L) 120 3 <5 99 4 <5
Ezg‘(ﬁzﬁfedlmem“on 70 12 <20 90 15 <20
D-dimer (ng/mL) 970 290 <500 2500 340 <500
Protein C activity (%) 50 88 70-140 48 82 70-140
Protein S activity (%) 45 76 60-130 42 73 60-130
Fibrinogen (mg/dL) 620 280 200-400 890 265 200-400
Albumin (g/dL) 34 4.1 3.5-5.0 2.5 3.9 3.5-5.0
HIV Serology Negative = — - Negative — -

Six-month values reflect documented normalization at follow-up and are presented as representative end-of-
treatment values extracted retrospectively.

Contrast-enhanced chest CT demonstrated multiple centrilobular nodules and bilateral
upper-lobe cavitary lesions (Figure 1), highly suggestive of active pulmonary tuberculosis.
CT pulmonary angiography additionally revealed a 7 mm thrombus occluding a segmen-
tal branch of the right lower pulmonary artery, confirming concurrent acute pulmonary
embolism (Figure 2).

Pulmonary tuberculosis was confirmed microbiologically by positive sputum smear
microscopy for acid-fast bacilli, with molecular testing (GeneXpert) confirming Mycobac-
terium tuberculosis infection.

The patient was initiated on a standard four-drug antituberculous regimen includ-
ing isoniazid, rifampicin, pyrazinamide, and ethambutol in accordance with National
Tuberculosis Program guidelines together with therapeutic anticoagulation using low-
molecular-weight heparin during the initial phase of treatment. He was subsequently
transitioned to a novel oral anticoagulant, apixaban 2.5 mg twice daily, with close clinical
and laboratory monitoring maintained throughout. Clinical evolution was favorable, with
progressive resolution of fever, cough, and dyspnea, alongside normalization of inflamma-
tory markers and coagulation parameters. Anticoagulation was continued with apixaban
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2.5 mg twice daily, selected after consideration of potential drug—drug interactions with
rifampicin and the patient’s overall thrombotic and bleeding risk; the total planned dura-
tion of anticoagulation was 6 months. At six-month follow-up, sputum microscopy was
negative, and radiological reassessment confirmed significant regression of pulmonary

lesions with complete resolution of the thromboembolic burden.

Figure 1. Chest CT imaging showing: centrilobular nodules and bilateral upper-lobe cavitary lesions
consistent with active pulmonary tuberculosis.

Figure 2. CT pulmonary angiography showing a segmental filling defect in a branch of the right
lower pulmonary artery, interpreted as acute pulmonary embolism. Pulmonary arterial enhancement
was suboptimal, which limited thrombus conspicuity on the reproduced image.

2.2. Case 2

A 43-year-old man, an active smoker with an 18 pack-year history and documented
household contact with a tuberculosis case, presented for evaluation of progressive respi-
ratory and constitutional symptoms evolving over two months. He reported productive
cough, persistent drenching night sweats, and severe involuntary weight loss of approx-
imately 15 kg, resulting in a markedly cachectic appearance at admission (body weight
57 kg). Physical examination revealed bilateral basal crackles and mild bilateral ankle
edema, while initial hemodynamic parameters remained stable.

Laboratory evaluation demonstrated a severe inflammatory and prothrombotic pro-
file: marked reactive thrombocytosis (750,000/uL), normocytic normochromic anemia
(hemoglobin 9.8 g/dL), CRP 99 mg/L, ESR 90 mm/h, elevated fibrinogen (890 mg/dL),
and D-dimer significantly elevated at 2500 ng/mL. Extended coagulation studies showed
markedly reduced protein C activity (48%) and protein S activity (42%), alongside severe
hypoalbuminemia (albumin 2.5 g/dL), findings collectively consistent with acquired TB-
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related hypercoagulability (Table 1). HIV serology was negative. Pulmonary tuberculosis
was confirmed microbiologically by positive sputum smear microscopy (AFB 2+) and
GeneXpert detection of Mycobacterium tuberculosis.

Chest CT demonstrated diffuse bilateral micronodules with a miliary distribution
throughout both lungs, numerous tree-in-bud micronodules with areas of confluent consol-
idation associated with bronchial ectasia and internal microcalcifications predominantly
involving the left upper lobe and the superior segment of the left lower lobe, and multiple
cavitary lesions within the left upper lobe, the largest measuring 38 x 30 mm (Figure 3).

(a) (b)

Figure 3. Chest CT imaging showing diffuse bilateral micronodules with miliary distribution, tree-in-
bud pattern with confluent consolidation areas (a), bronchial ectasia, and multiple cavitary lesions
(b) in the left upper lobe (largest: 38 x 30 mm), consistent with severe active pulmonary tuberculosis.

Standard first-line antituberculous therapy, consisting of isoniazid, rifampicin, pyrazi-
namide, and ethambutol, was promptly initiated in accordance with the National Tubercu-
losis Program guidelines. Despite appropriate treatment, the patient remained markedly
inflammatory by day 15, with a significant rise in D-dimer levels. CT pulmonary angiogra-
phy subsequently demonstrated bilateral pulmonary embolism, with thrombi measuring
6.6 mm on the right and 4 mm on the left, extending to the lobar and segmental branches
(Figure 4). Therapeutic low-molecular-weight heparin was initiated immediately. He was
subsequently transitioned to a novel oral anticoagulant, apixaban 2.5 mg twice daily, with
close clinical and laboratory monitoring maintained throughout. Anticoagulation was
continued with apixaban 2.5 mg twice daily for a planned duration of 12 months, in view
of the extensive form of tuberculosis, the sustained inflammatory burden, and the patient’s
overall thrombotic risk.

Twelve days later, the patient developed acute abdominal pain, hypotension, and
clinical signs of acute abdomen. Thoracoabdominal CT revealed bowel distension, circum-
ferential wall thickening, pneumatosis intestinalis, and moderate free intraperitoneal fluid,
raising concern for intestinal ischemia in the context of ongoing TB-associated systemic
inflammation. Emergency exploratory surgery identified multiple caseous intestinal masses
adherent to bowel loops (Figure 5), and an ileostomy was performed. Histopathological
examination confirmed multiple epithelioid granulomas with caseous necrosis, consistent
with intestinal tuberculosis.

Postoperatively, the patient required intensive care support while continuing both
full-dose antituberculous therapy and therapeutic anticoagulation. Clinical evolution was
favorable, with gradual normalization of inflammatory markers, restoration of protein C
and protein S activity to normal ranges, progressive nutritional recovery, and subsequent
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ileostomy closure. At six-month follow-up, sputum microscopy was negative, all laboratory
parameters had normalized, and follow-up chest CT confirmed complete resolution of
pulmonary emboli with marked regression of pulmonary lesions (Figure 6).

(a) (b)

Figure 4. CT pulmonary angiography showing bilateral pulmonary arterial filling defects, inter-
preted as pulmonary embolism, involving lobar and segmental branches (a). Pulmonary arterial
enhancement was suboptimal (b), which limited thrombus conspicuity on the reproduced image.

Figure 5. Macroscopic intraoperative examination revealing intestinal loops with congested serosa
and an exophytic yellowish-white nodular lesion with caseous center, consistent with intesti-
nal tuberculosis.

This case illustrates the multisystemic thrombo-inflammatory potential of severe active
tuberculosis, where uncontrolled infection simultaneously drove pulmonary embolism and
intestinal involvement, and highlights the reversibility of the acquired hypercoagulable
state following effective combined therapy. It is noteworthy that the six-month follow-up
evaluation in both patients coincided with the completion of the standard antituberculous
treatment course (2HRZE/4HR), at which point full normalization of all coagulation
parameters was documented.
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(c) (d)

Figure 6. Chest CT at 6 months of antituberculous treatment showing complete resolution of

pulmonary embolism with marked regression of pulmonary lesions: mediastinal window (a,b); lung
window (c,d).

3. Discussion and Review of the Literature
3.1. How Often Tuberculosis and Venous Thromboembolism/Pulmonary Embolism Coexist

Active tuberculosis is increasingly recognized not only as a pulmonary infection but
also as a systemic inflammatory condition associated with an increased risk of venous
thromboembolism, including pulmonary embolism. Epidemiological studies and meta-
analyses have reported a higher frequency of thromboembolic events in patients with
active tuberculosis compared with non-tuberculous populations, and hospital-based data
suggest that this association may be linked to worse clinical outcomes and increased
mortality [10-12].

The present cases are consistent with this reported association. They illustrate two
clinically relevant situations: pulmonary embolism detected at the time of tuberculosis
diagnosis and pulmonary embolism developing during the early intensive phase of an-
tituberculous therapy [13-15]. Therefore, pulmonary embolism should be considered
in patients with active tuberculosis who develop unexplained respiratory deterioration,
persistent dyspnea, tachycardia, hypoxemia, rising D-dimer levels, or delayed clinical
recovery [16,17].

Smoking may have acted as an additional proinflammatory and prothrombotic co-
factor, particularly in the second patient, who had a documented 18 pack-year smoking
history. However, in these cases, the central mechanism remains active tuberculosis-related
thrombo-inflammation, with smoking considered a possible aggravating factor rather than
the sole cause of thrombosis.

3.2. Why Tuberculosis Creates a Hypercoagulable State

Active tuberculosis may create a hypercoagulable state through the interaction of sys-
temic inflammation, endothelial activation, platelet stimulation, impaired fibrinolysis, and
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transient reduction in natural anticoagulant pathways [18,19]. Proinflammatory cytokines
such as interleukin-1, interleukin-6, and tumor necrosis factor-alpha promote tissue factor
expression, fibrinogen synthesis, thrombin generation, and endothelial dysfunction, all of
which favor thrombus formation [20].

These changes are accompanied by a marked imbalance in hemostasis, including
increased fibrinogen, factor VIII, D-dimer, and fibrin degradation products, together with
decreased levels of key endogenous anticoagulants such as antithrombin III, protein C,
and free protein S, thereby removing important physiological restraints on thrombin gen-
eration. These alterations create a sustained prothrombotic milieu that provides a strong
biological explanation for the increased risk of venous thromboembolism, pulmonary
embolism, stroke, and other thrombotic complications observed in patients with active
tuberculosis [20-22]. This biological mechanism was reflected in both of our patients. Both
cases showed reactive thrombocytosis, elevated inflammatory markers, increased D-dimer
and fibrinogen levels, and reduced protein C and protein S activity. These abnormali-
ties improved after antituberculous therapy and anticoagulation, supporting an acquired
infection-related hypercoagulable state rather than a fixed inherited thrombophilia.

3.3. Temporal Pattern of Pulmonary Embolism During the Course of Tuberculosis

Pulmonary embolism associated with active tuberculosis may occur at different points
in the disease course. It may be detected at the time of tuberculosis diagnosis, as in our
first case, or may develop during the early phase of antituberculous therapy, as in our
second case. This temporal variability suggests that thrombotic risk is not limited to the
pretreatment period but may persist after treatment initiation while systemic inflammation
and coagulation activation remain high.

The two cases therefore illustrate complementary clinical patterns. In Case 1, pul-
monary embolism was diagnosed concurrently with active pulmonary tuberculosis. In
Case 2, bilateral pulmonary embolism developed during the intensive phase of therapy,
in the context of severe pulmonary disease, persistent inflammation, and rising D-dimer
levels. This supports the need for continued clinical vigilance during early treatment,
particularly in patients with extensive, cavitary, miliary, or extrapulmonary tuberculosis.

Clinically, pulmonary embolism should be suspected when patients with active tu-
berculosis develop new or worsening dyspnea, tachycardia, hypoxemia, persistent inflam-
matory activity, rising D-dimer levels, or slower-than-expected recovery [23-25]. In such
cases, diagnostic imaging should be considered early, even if antituberculous therapy has
already been started [26,27].

3.4. Biological Markers of TB-Associated Hypercoagulability

Patients with active tuberculosis may show laboratory evidence of systemic inflamma-
tion and hypercoagulability, including thrombocytosis, elevated D-dimer and fibrinogen
levels, and reduced activity of natural anticoagulants such as protein C and protein S [18,28].
These abnormalities are thought to reflect infection-related thrombo-inflammation and may
improve after effective antituberculous therapy [29-32].

Both patients in the present report showed this pattern at the time pulmonary em-
bolism was diagnosed. They had elevated inflammatory markers, marked reactive throm-
bocytosis, increased D-dimer and fibrinogen levels, and reduced protein C and protein S
activity. At six-month follow-up, these abnormalities had normalized together with clinical
and radiological improvement, supporting the interpretation of a reversible, acquired
hypercoagulable state related to active tuberculosis.

However, these biomarkers should not be presented as validated predictors of pul-
monary embolism. Their role in clinical decision-making remains uncertain. In this report,
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they should be interpreted as supportive findings that increased suspicion for TB-associated
hypercoagulability, rather than as definitive diagnostic or prognostic markers. Larger
prospective studies are needed to determine whether coagulation profiling can guide
screening, risk stratification, or anticoagulation duration in active tuberculosis [33].

3.5. Therapeutic Management in Tuberculosis-Associated Pulmonary Embolism

The coexistence of active tuberculosis and pulmonary embolism requires individ-
ualized management, particularly regarding anticoagulant choice, treatment duration,
bleeding risk, and interactions with rifampicin-based regimens. In general, TB-associated
PE should be treated as provoked venous thromboembolism, alongside full antitubercu-
lous therapy [23,26,27]. Reported cases commonly use initial parenteral anticoagulation
followed by oral therapy. However, rifampicin complicates anticoagulant selection by
inducing hepatic enzymes and P-glycoprotein, which may reduce exposure to oral antico-
agulants. Therefore, LMWH, fondaparinux, monitored vitamin K antagonist therapy, or
rifabutin substitution may be considered in selected patients [24,34]. The optimal duration
of anticoagulant therapy remains uncertain, as no TB-specific trials are available; although
most reviews support treating these events as provoked VTE with at least 3 months of
anticoagulation, persistent inflammation and ongoing prothrombotic activity in severe or
extensive disease argue for a more individualized strategy [35]. The hypercoagulable state
observed in both patients appears to be multifactorial. Persistent systemic inflammation
likely played a central role through cytokine-driven endothelial dysfunction, increased
expression of tissue factor, and enhanced platelet activation [36,37]. Both patients exhibited
marked reactive thrombocytosis, with platelet counts exceeding 600,000/ uL, reflecting
intense inflammatory stimulation and contributing to thrombus propagation.

A particularly important finding in both cases was the transient reduction in protein
C and protein S activity, which normalized after antituberculous therapy and anticoag-
ulation [8]. This reversible pattern strongly supports an acquired rather than inherited
thrombophilic mechanism, directly related to active tuberculosis. The depletion of these
natural anticoagulant pathways may result from inflammatory consumption, hepatic repri-
oritization of protein synthesis during the acute-phase response, endothelial dysfunction,
and severe hypoalbuminemia, especially in the second case [8].

The second case further expands the thrombo-inflammatory spectrum of tuberculosis
by illustrating multisystem involvement, where severe pulmonary disease coexisted with
intestinal tuberculosis and abdominal ischemic complications. An important observation
was the delayed diagnosis of pulmonary embolism in the second patient despite prompt
initiation of antituberculous therapy, suggesting that thrombotic risk may persist during the
early treatment phase while inflammatory activity remains high. In this setting, persistent
dyspnea, tachycardia, rising D-dimer levels, or slower-than-expected clinical recovery
should prompt consideration of pulmonary embolism.

In both patients, the normalization of protein C and protein S activity after combined
antituberculous treatment and anticoagulation supports an acquired, infection-related
hypercoagulable state. Although these findings raise the possibility that such parameters
may reflect disease activity and thrombotic risk, this interpretation remains preliminary
and requires confirmation in prospective studies [38].

The duration of anticoagulation in tuberculosis-associated pulmonary embolism re-
mains insufficiently defined. At present, management should be guided primarily by
standard principles for provoked venous thromboembolism while taking into account the
severity of tuberculosis, clinical evolution, and the resolution of inflammatory and coagula-
tion abnormalities, intestinal tuberculosis and abdominal ischemic complications [39,40].
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4. Clinical Take-Home Messages

Pulmonary embolism should be considered in patients with active tuberculosis who
develop unexplained respiratory deterioration, persistent tachycardia, rising D-dimer
levels, or delayed clinical improvement, including during the early phase of antituberculous
therapy. Reactive thrombocytosis, elevated inflammatory markers, and reduced protein
C and protein S activity may accompany tuberculosis-associated hypercoagulability and
appeared to improve with treatment in both cases, although their clinical role requires
further validation [8].

5. Limitations

This case report series should be interpreted within the usual limitations of obser-
vational, non-controlled reports. The small sample size precludes generalization, and
the proposed mechanisms of hypercoagulability remain exploratory. Although neither
patient had a known personal or family history of thromboembolism, a complete inherited
thrombophilia evaluation was not available at diagnosis, so an underlying predisposition
cannot be fully excluded. In addition, the six-month values presented in Table 1 should
be regarded as representative of clinical recovery rather than strict serial measurements,
given the retrospective nature of data collection. Finally, the clinical heterogeneity of the
two cases limits direct comparison while also reflecting the diversity of thromboembolic
presentations that may occur in active tuberculosis. In both cases, pulmonary arterial
enhancement was suboptimal, probably related to contrast acquisition timing, and this
made the thrombi less sharply demarcated on the reproduced images. Nevertheless, the
filling defects were interpreted in the full clinical and radiological context by the treating
team and were consistent with pulmonary embolism. This technical limitation should be
considered when interpreting the imaging findings.

6. Conclusions

These two cases do not establish a new association between tuberculosis and pul-
monary embolism, but they illustrate clinically relevant diagnostic scenarios in which
pulmonary embolism occurred at presentation and during early antituberculous therapy.
Both patients showed a reversible inflammatory and prothrombotic profile, including
thrombocytosis, elevated D-dimer and fibrinogen levels, and reduced protein C and protein
S activity. These findings support the need for diagnostic vigilance in patients with active
tuberculosis who develop unexplained deterioration, persistent dyspnea, rising D-dimer
levels, or delayed recovery. Larger prospective studies are needed to determine whether
coagulation profiling can support risk stratification or guide management in this setting.

Author Contributions: Conceptualization, D.M.M. and R.C.; methodology, V.B.; software, M.O.;
validation, V.B.; formal analysis, O.M.C.; investigation, D.M.M.; resources, R.C.; data curation, M.O.;
writing—original draft preparation, D.M.M.; writing—review and editing, A.L.R.; visualization,
D.M.M.; supervision, R.C.; project administration, M.O. All authors have read and agreed to the
published version of the manuscript.

Funding: The Article Processing Charges were funded by the University of Medicine and Pharmacy
of Craiova, Romania. This work was funded by: Accelerated epigenetic ageing linked to detrimental
outcomes of combined diabetes-tuberculosis and post-tuberculosis disease (Tuberculosis and Diabetes-
Accelerated Epigenetic Ageing TanDeM-AGE) PNRR/2023/C9/MCID/I8. contract no. 760273 /26
March 2024.

Institutional Review Board Statement: This study was approved by the Ethics Review Board of
the University Medicine and Pharmacy of Craiova (N0.408/20 November 2024) and Victor Babes
University Hospital (No. 15525/30 October 2024).

https://doi.org/10.3390/diagnostics16142140


https://doi.org/10.3390/diagnostics16142140

Diagnostics 2026, 16, 2140 11 of 12

Informed Consent Statement: Written informed consent was obtained from both patients for publi-
cation of this case report and any accompanying images. All data were de-identified and managed in
accordance with applicable data protection regulations.

Data Availability Statement: The data presented in this study are available upon request from
the corresponding author. The data are not publicly available due to the patient’s personal data
protection policy of the University and Hospital.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Danwang, C.; Bigna, ].].; Awana, A.P.; Nzalie, RN.T.; Robert, A. Global Epidemiology of Venous Thromboembolism in People
with Active Tuberculosis: A Systematic Review and Meta-Analysis. ]. Thromb. Thrombolysis 2021, 51, 502-512. [CrossRef]

2. Sharif-Kashani, B.; Bikdeli, B.; Moradi, A ; Tabarsi, P; Chitsaz, E.; Shemirani, S.; Esmaili-Khansari, M.; Masjedi, M.R. Coexisting
Venous Thromboembolism in Patients with Tuberculosis. Thromb. Res. 2010, 125, 478-480. [CrossRef] [PubMed]

3. Mitroi, D.M.; Balteanu, M.A.; Cioboata, R.; Vlasceanu, S.G.; Zlatian, O.M.; Catana, O.M.; Mirea, A.A.; Mogos, G.ER.; Ro-
taru, L.; Biciusca, V. Hypercoagulability in Tuberculosis: Pathophysiological Mechanisms, Associated Risks, and Advances in
Management—A Narrative Review. J. Clin. Med. 2025, 14, 762. [CrossRef] [PubMed]

4. Urbén-Solano, A.; Flores-Gonzalez, J.; Cruz-Lagunas, A.; Pérez-Rubio, G.; Buendia-Roldan, I.; Ramén-Luing, L.A.; Chavez-Galan,
L. High Levels of PF4, VEGF-A, and Classical Monocytes Correlate with the Platelets Count and Inflammation during Active
Tuberculosis. Front. Immunol. 2022, 13, 1016472. [CrossRef] [PubMed]

5. Christian, A.; Samuel, D.; Imeni, A.A. Evaluation of Coagulation Factors Seven (FV11) And Twelve (FX11) in Post Intensive Phase
of Tuberculosis Disease Treatment in Bayelsa State, Niger. Sokoto |. Med. Lab. Sci. 2024, 9, 316-324. [CrossRef]

6. Kager, L.M.; Blok, D.C.; Lede, 1.O.; Rahman, W.; Afroz, R.; Bresser, P; van der Zee, ].S.; Ghose, A.; Visser, C.E.; de Jong, M.D.; et al.
Pulmonary Tuberculosis Induces a Systemic Hypercoagulable State. J. Infect. 2015, 70, 324-334. [CrossRef] [PubMed]

7. Theofilis, P; Sagris, M.; Oikonomou, E.; Antonopoulos, A.S.; Siasos, G.; Tsioufis, C.; Tousoulis, D. Inflammatory Mechanisms
Contributing to Endothelial Dysfunction. Biomedicines 2021, 9, 781. [CrossRef] [PubMed]

8. Shahin, H.G.; Fouad, D.A.; Alfeky, M.A.A. Evaluation of Plasma Protein C and Antithrombin Levels in Patients with Tuberculosis.
Egypt. ]. Haematol. 2021, 46, 201-207. [CrossRef] [PubMed]

9. Verma, R.; Mahapatro, S.; Kumar, A.; Rizvi, I.; Garg, R.K.; Malhotra, H.S.; Sharma, PK.; Uniyal, R. Platelet Dysfunction and
Coagulation Assessment in Patients of Tuberculous Meningitis. Neurol. Sci. 2020, 41, 2103-2110. [CrossRef] [PubMed]

10. Sam, K.S.; Gogia, A.; Batra, T. Massive Pulmonary Embolism—What You May Be Missing? Int. ]. Res. Med. Sci. 2023, 11,
3876-3879. [CrossRef]

11. Purayil, N.K,; Sirajudeen, J.; Al Arbi, K.M.; Baghi, M.A.; Zahid, M. Venous Thromboembolism: An Unusual Presentation of
Pulmonary Tuberculosis. Cureus 2021, 13, €14092. [CrossRef] [PubMed]

12.  Plotkin, D.; Titomer, A.; Reshetnikov, M.; Gafarov, U.; Sterlikov, S.; Sinitsyn, M.; Bogorodskaya, E. Frequency and Risk Factors of
Venous Thromboembolic Complications in Patients with Active Pulmonary Tuberculosis and HIV/TB Co-Infection (Tuberculosis
and Thrombosis). Srp. Arh. Celok. Lek. 2024, 2024, 357-362. [CrossRef]

13. Jia, Y.; Bo, H.; Tang, L.; Li, Z.; Yu, Z.; Hou, Z.; Yu, H.; Wu, Q. Clinical Characteristics of Active Tuberculosis with Pulmonary
Thromboembolism. BMC Pulm. Med. 2025, 25, 156. [CrossRef] [PubMed]

14. Cherif, T.; Ben Mansour, A.; Slim, A.; Daghfous, H.; Ben Saad, S.; Tritar, F.; Ben Mansour, A. Pulmonary Embolism during
Tuberculosis: Clinical Features and Outcomes. Gen. Pract. Prim. Care 2023, 62, PA3513. [CrossRef]

15. Bukhari, SM.A.; Hunter, ].G.; Bera, K.; Tippareddy, C.; Johnson, C.R.; Ravi, S.; Chakraborti, S.; Gilkeson, R.C.; Gupta, A. Clinical
and Imaging Aspects of Pulmonary Embolism: A Primer for Radiologists. Clin. Imaging 2025, 117, 110328. [CrossRef] [PubMed]

16. Lorentsson, H.J.N.; Clausen, C.R.; Faurholt-Jepsen, D.; Hansen, K.B.; Jensen, 5.G.; Krogh-Madsen, R.; Hagelqvist, P.G.; Johansson,
PI; Vilsbell, T.; Knop, FK.; et al. The Effect of Mycobacterium Tuberculosis Treatment on Thrombelastography-Assessed
Haemostasis: A Prospective Cohort Study. Thromb. |. 2024, 22, 54. Correction in Thromb. ]. 2024, 22, 98. [CrossRef] [PubMed]

17.  Okeke, C.O.; Amilo, G.I.; Manafa, P.O.; Ibeh, N.C. Inflammation-Mediated Changes in Haemostatic Variables of Pulmonary
Tuberculosis Patients during Treatment. Tuberculosis 2023, 138, 102285. [CrossRef] [PubMed]

18. Kautiyal, A.S.; Gupta, N.; Garg, S.; Hira, H.S. A Study of Haematological and Haemostasis Parameters and Hypercoagulable
State in Tuberculosis Patients in Northern India and the Outcome with Anti Tubercular Therapy. J. Clin. Diagn. Res. 2017, 11,
OC09-0OC13. [CrossRef] [PubMed]

19. Suresh, P.S.; Mathivanan, K.M.R. Disseminated Tuberculosis Complicated by Pulmonary Thromboembolism. Cureus 2025, 17,

€89662. [CrossRef] [PubMed]

https://doi.org/10.3390/diagnostics16142140


https://doi.org/10.1007/S11239-020-02211-7
https://doi.org/10.1016/J.THROMRES.2010.01.014
https://www.ncbi.nlm.nih.gov/pubmed/20137804
https://doi.org/10.3390/jcm14030762
https://www.ncbi.nlm.nih.gov/pubmed/39941433
https://doi.org/10.3389/FIMMU.2022.1016472
https://www.ncbi.nlm.nih.gov/pubmed/36325331
https://doi.org/10.4314/SOKJMLS.V9I3.33
https://doi.org/10.1016/J.JINF.2014.10.006
https://www.ncbi.nlm.nih.gov/pubmed/25455017
https://doi.org/10.3390/BIOMEDICINES9070781
https://www.ncbi.nlm.nih.gov/pubmed/34356845
https://doi.org/10.4103/EJH.EJH_55_21
https://www.ncbi.nlm.nih.gov/pubmed/42388682
https://doi.org/10.1007/S10072-020-04299-4
https://www.ncbi.nlm.nih.gov/pubmed/32114668
https://doi.org/10.18203/2320-6012.IJRMS20233051
https://doi.org/10.7759/CUREUS.14092
https://www.ncbi.nlm.nih.gov/pubmed/33907638
https://doi.org/10.2298/SARH240303057P
https://doi.org/10.1186/S12890-025-03602-3
https://www.ncbi.nlm.nih.gov/pubmed/40188025
https://doi.org/10.1183/13993003.CONGRESS-2023.PA3513
https://doi.org/10.1016/J.CLINIMAG.2024.110328
https://www.ncbi.nlm.nih.gov/pubmed/39520730
https://doi.org/10.1186/S12959-024-00625-4
https://www.ncbi.nlm.nih.gov/pubmed/38918780
https://doi.org/10.1016/J.TUBE.2022.102285
https://www.ncbi.nlm.nih.gov/pubmed/36436460
https://doi.org/10.7860/JCDR/2017/24022.9249
https://www.ncbi.nlm.nih.gov/pubmed/28384907
https://doi.org/10.7759/CUREUS.89662
https://www.ncbi.nlm.nih.gov/pubmed/40926907
https://doi.org/10.3390/diagnostics16142140

Diagnostics 2026, 16, 2140 12 of 12

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Mustafa, A.; Dafaallah, E.LA.; Omer, A.E.; Muddathir, A.R.M.; Mangi, A.A.; Eltayeb, L.B. Inflammatory Mediators Released in
Pulmonary Tuberculosis Enhance Hyper-Coagulable States: A Crucial Role of Tissue Factor. Pak. J. Biol. Sci. 2022, 25, 725-731.
[CrossRef] [PubMed]

Suryakusumah, L.; Tabri, N.A; Saleh, S.; Bakri, S.; Kasim, H.; Benyamin, A.F; Arief, E.; Seweng, A. Hemostatic Parameters in
Pulmonary Tuberculosis Patients after Intensive Phase Treatment. Casp. J. Intern. Med. 2021, 12, 294-298. [CrossRef] [PubMed]
Wei, Y; Tang, S.; Xie, Z.; He, Y.; Zhang, Y.; Xie, Y.; Chen, S,; Liu, L,; Liu, Y.; Liang, Z. Pulmonary Tuberculosis-Related Ischemic
Stroke: A Retrospective Case Control Study. J. Inflamm. Res. 2022, 15, 4239-4249. [CrossRef] [PubMed]

Ha, H.; Kim, K.H.; Park, J.H.; Lee, ].K.; Heo, E.Y.; Kim, J.S.; Kim, D.K,; Choi, I.S.; Chung, H.S.; Lim, H.J. Thromboembolism in
Mycobacterium Tuberculosis Infection: Analysis and Literature Review. Infect. Chemother. 2019, 51, 142-149. [CrossRef] [PubMed]
Janardhanan, A.; Selvaraj, J.; Viswanathan, S.; Pillai, V. Coexistent Tuberculosis and Pulmonary Embolism: Double Trouble. Indian
J. Med. Spec. 2025, 16, 71-73. [CrossRef] [PubMed]

Zahra, U.; Akhtar, A.; Falah, N.U.; Hashmi, S. Bilateral Pulmonary Embolism in a Newly Diagnosed Case of Pulmonary
Tuberculosis. Cureus 2021, 13, €12824. [CrossRef] [PubMed]

Kambouche, E; Habib, L.M. El Pulmonary Tuberculosis and Venous Thromboembolism. Int. J. Med. 2024, 12, 1-3. [CrossRef]
Marwah, V.; Bhati, G.; Chaudhary, R.; Sharma, A. Pulmonary Thromboembolism in Multidrug-Resistant Tuberculosis: A Case
Series Highlighting the Importance of Early Diagnosis and Management. Int. J. Med. Stud. 2023, 11, 321-325. [CrossRef]
Robson, S.C.; White, N.W.; Aronson, I.; Woollgar, R.; Goodman, H.; Jacobs, P. Acute-Phase Response and the Hypercoagulable
State in Pulmonary Tuberculosis. Br. J. Haematol. 1996, 93, 943-949. [CrossRef] [PubMed]

Koniaeva, O.; Abdullaev, R.; Komissarova, O.; Berejnaya, O. Comparative Analysis of the Metabolic Activity of Vascular
Endothelium in Patients with Pulmonary Tuberculosis Combined with Diabetes Mellitus and without It. Eur. Respir. ]. 2016, 48,
PA2120. [CrossRef]

Abdullaev, R.Y.; Shorokhova, V.A.; Komissarova, O.G. Changes in Hemostasis and Fibrinolysis Rates in the Course of Treatment
of New Patients with Pulmonary Tuberculosis after COVID-19 Infection. Tuberc. Lung Dis. 2025, 103, 6-12. [CrossRef]

Carter, D.; Nguyen, T.; Faruqi, M.A. Pulmonary embolism in a patient with tuberculosis. Chest 2023, 164, A1314-A1315. [CrossRef]
Moran, T.J. Autopsy Incidence of Pulmonary Embolism in Tuberculosis. Dis. Chest 1950, 18, 171-173. [CrossRef] [PubMed]
Osei-Boakye, F.; Addai-Mensah, O.; Owusu, M.; Saasi, A.-R.; Appiah, S.K.; Nkansah, C.; Wiafe, Y.A.; Debrah, A.Y. Effect
of Pulmonary Tuberculosis on Protein C, S, and Antithrombin-III among Therapy-Naive Ghanaian Adults; A Comparative
Cross-Sectional Study. Res. Sg. 2020. [CrossRef] [PubMed]

Alnewais, M.E.; Landolfa, S.L.; Bean, M.; Fermo, J.D. Successful Anticoagulation With Warfarin After Switching From Rifampin
to Rifabutin. J. Prim. Care Community Health 2023, 14, 1-5. [CrossRef] [PubMed]

Bhattacharjee, A.; Elancheralathan, K.; Kumar, A.; Vikraman, V.G. Thromboembolic Sequelae in Extrapulmonary Tuberculosis: A
Rare Case of Extensive Iliofemoral Deep Vein Thrombosis and Bilateral Pulmonary Embolism in a Young Adult. Indian |. Vasc.
Endovasc. Surg. 2025, 13, 272-274. [CrossRef] [PubMed]

Coller, B.S.; Owen, J.; Jesty, ].; Horowitz, D.; Reitman, M.].; Spear, ].; Yeh, T.; Comp, P.C. Deficiency of Plasma Protein S, Protein C,
or Antithrombin IIT and Arterial Thrombosis. Arterioscler. Off. ]. Am. Heart Assoc. Inc. 1987, 7, 456-462. [CrossRef] [PubMed]
Naithani, R.; Agrawal, N.; Choudhary, V.P. Deep Venous Thrombosis Associated with Tuberculosis. Blood Coagul. Fibrinolysis
2007, 18, 377-380. [CrossRef] [PubMed]

Mitroi, D.M.; Vlasceanu, S.G.; Zlatian, O.M.; Olteanu, M.; Catana, O.M.; Mititelu, R.R.; Riza, A.L.; Camen, G.; Biciuscd, V.; Cioboata,
R. Hypercoagulability in Pulmonary Tuberculosis: Reduced Protein C and Free Protein S Predict Pulmonary Embolism—Evidence
from a Prospective Romanian Cohort. J. Clin. Med. 2026, 15, 1903. [CrossRef] [PubMed]

Tutwiler, V.; Madeeva, D.; Ahn, H.S.; Andrianova, I.; Hayes, V.; Zheng, X.L.; Cines, D.B.; Mckenzie, S.E.; Poncz, M.; Rauova, L.
Platelet Transactivation by Monocytes Promotes Thrombosis in Heparin-Induced Thrombocytopenia. Blood J. Am. Soc. Hematol.
2016, 127, 464-472. [CrossRef] [PubMed]

Lau, A.; Sligl, W.; Sun, K,; Barrie, J.; Long, R. Incidence and Significance of Venous Thromboembolism in Critically Ill Pulmonary
Tuberculosis Patients. Eur. Respir. J. 2020, 56, 2001753. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/diagnostics16142140


https://doi.org/10.3923/PJBS.2022.725.731
https://www.ncbi.nlm.nih.gov/pubmed/36098198
https://doi.org/10.22088/CJIM.12.3.294
https://www.ncbi.nlm.nih.gov/pubmed/34221279
https://doi.org/10.2147/JIR.S368183
https://www.ncbi.nlm.nih.gov/pubmed/35923909
https://doi.org/10.3947/IC.2019.51.2.142
https://www.ncbi.nlm.nih.gov/pubmed/31270993
https://doi.org/10.4103/INJMS.INJMS_88_24
https://www.ncbi.nlm.nih.gov/pubmed/42329076
https://doi.org/10.7759/CUREUS.12824
https://www.ncbi.nlm.nih.gov/pubmed/33628689
https://doi.org/10.14419/3AYMYF47
https://doi.org/10.5195/IJMS.2023.1996
https://doi.org/10.1046/J.1365-2141.1996.D01-1722.X
https://www.ncbi.nlm.nih.gov/pubmed/8703831
https://doi.org/10.1183/13993003.CONGRESS-2016.PA2120
https://doi.org/10.58838/2075-1230-2025-103-2-6-12
https://doi.org/10.1016/J.CHEST.2023.07.924
https://doi.org/10.1378/CHEST.18.2.171
https://www.ncbi.nlm.nih.gov/pubmed/15435447
https://doi.org/10.21203/RS.3.RS-135336/V1
https://www.ncbi.nlm.nih.gov/pubmed/36284789
https://doi.org/10.1177/21501319231197588
https://www.ncbi.nlm.nih.gov/pubmed/37750044
https://doi.org/10.4103/IJVES.IJVES_91_25
https://www.ncbi.nlm.nih.gov/pubmed/42164737
https://doi.org/10.1161/01.ATV.7.5.456
https://www.ncbi.nlm.nih.gov/pubmed/2960305
https://doi.org/10.1097/MBC.0B013E3280D942B4
https://www.ncbi.nlm.nih.gov/pubmed/17473582
https://doi.org/10.3390/JCM15051903
https://www.ncbi.nlm.nih.gov/pubmed/41827320
https://doi.org/10.1182/blood-2013-11-539262
https://www.ncbi.nlm.nih.gov/pubmed/26518435
https://doi.org/10.1183/13993003.01753-2020
https://www.ncbi.nlm.nih.gov/pubmed/32586889
https://doi.org/10.3390/diagnostics16142140

	Introduction 
	Case Presentations 
	Case 1 
	Case 2 

	Discussion and Review of the Literature 
	How Often Tuberculosis and Venous Thromboembolism/Pulmonary Embolism Coexist 
	Why Tuberculosis Creates a Hypercoagulable State 
	Temporal Pattern of Pulmonary Embolism During the Course of Tuberculosis 
	Biological Markers of TB-Associated Hypercoagulability 
	Therapeutic Management in Tuberculosis-Associated Pulmonary Embolism 

	Clinical Take-Home Messages 
	Limitations 
	Conclusions 
	References

