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ABSTRACT 

Background: There is little data on major muscular hematomas and the little there is has 

mainly focused on patients exposed to oral anticoagulants. 

Objective: To describe the clinical characteristics, management and outcomes of patients 

admitted to emergency department (ED) for major muscular hematoma associated with an 

antithrombotic agent, and to identify predictors of in-hospital mortality. 

Patients and Methods: Over a three-year period, all consecutive cases of adult patients 

admitted to the ED of 5 tertiary care hospitals for major muscular hematoma while exposed to 

an antithrombotic agent were prospectively collected and medically validated. Clinical and 

biological data, therapeutic management of the bleeding event, and in-hospital mortality were 

collected from the medical records and compared across five groups of hematoma locations. 

Potential confounders were taken in account using a multivariate binomial regression model.  

Results: Three hundred and seventy-five patients were included (mean age = 81.4 years): 271 

were exposed to vitamin K antagonists, 58 to parenteral anticoagulants (heparin, LMWH, 

fondaparinux), 33 to antiplatelets, and 13 to direct oral anticoagulants. The muscular 

hematomas were located in the lower limbs (n = 198), the rectus sheath (n = 71), the iliopsoas 

(n = 45), the upper limbs (n = 33), or elsewhere (n = 28). Reversal therapy was prescribed for 

48.5% of patients, red cell transfusions for 63.6%, surgery for 12.3% and embolization for 

3.5%. For 84% of patients, hospitalization was required, with a median length of stay of 10 

days. Overall, in-hospital mortality was 8.5%. Reversal therapy, the need for intensive care 

and mortality were significantly more frequent among patients with iliopsoas hematomas. The 

independent predictors of in-hospital mortality were: decrease in mean arterial pressure (RR = 

1.84), decrease in hemoglobin level (RR = 1.37) and the iliopsoas location (RR = 3.06). 

Conclusion: Frail elderly patients with major muscular hematomas linked to antithrombotic 

agents risk substantial morbidity and in-hospital mortality.  The iliopsoas location was the 

most life-threatening bleeding site. Close observation of this population is warranted to ensure 

better outcomes.  

Word count of the abstract: 328 
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1. Introduction

Major bleeding is the most feared complication among patients exposed to antithrombotic 

agents. Most studies have focused on the two main bleeding complications, gastrointestinal 

bleeding and intracranial hemorrhage [1-4]. Few studies have reported on major muscular 

hematomas [5]. There is sparse, imprecise data on the incidence, morbidity and mortality of 

muscular hematomas associated with antithrombotic agents. In a 2-year study including 913 

patients consecutively admitted to our emergency department with major bleeding associated 

with antithrombotic agents, muscular hematomas were observed for 86 patients (9.4%), of 

whom 66.3% were exposed to oral anticoagulants, 19.8% to antiplatelet agents and 13.9 % to 

parenteral anticoagulants; a one-month mortality of 4.5% was observed [6]. Most studies have 

reported on muscular hematomas irrespective of severity and have mainly focused on patients 

exposed to oral anticoagulants. In a study by Xu et al. [7] including 1542 patients with 

bleeding linked to oral anticoagulants, muscular hematomas without compartment syndrome 

were reported for 82 patients (5.3%) exposed to warfarin, and for 8 patients (1.7%) exposed to 

direct oral anticoagulants (DOAC). Green et al. [8] reported musculoskeletal bleeding for 

10% of patients exposed to oral anticoagulants. In an Italian cohort of 806 patients with major 

bleeding while exposed to vitamin K antagonist (VKA) or DOAC, soft-tissue bleeding 

accounted for11% of VKA-exposed patients and 6% of DOAC-exposed patients [9]. In a 

prospective multicenter study on major bleeding related to VKAs, deep-muscle hematomas 

accounted for 13% of bleeding events with a 7-day mortality of 4% [10]. Finally, in another 

study, among 80 patients on anticoagulants with spontaneous soft-tissue hemorrhage 

including muscular hematomas, most required transfusion, aggressive resuscitation, reversal 

therapy, or embolization and one-month mortality reached 11% [11].  

Over a three-year period, we conducted a prospective population-based cohort study 

named SACHA collecting all major bleeding events occurring among patients exposed to 

antithrombotic agents (nearly 98,000 person-years of exposure) whatever the indication, and 

referred to emergency department [12,13]. The SACHA study included 6484 patients with 

major bleeding events, among whom 2090 (32.2%) presented major bleeding other than 

gastrointestinal or intracranial hemorrhages. Of these, 375 had major muscular hematomas, 

amounting to 5.8% of the overall population included.   

Our primary objective was to describe the clinical characteristics and the management of 

these 375 patients referred to emergency departments for major muscular hematomas 

associated with antithrombotic agents. Our secondary objective was to identify risk factors for 

in-hospital mortality.
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2. Materials and Methods

2.1. Study design and participants 

The SACHA study is a French prospective population-based multicenter cohort study on 

the incidence and outcome of major bleeding among patients exposed to antithrombotic 

agents whatever the type (parenteral or oral anticoagulant, or antiplatelet agent) or the 

indication [12,13]. 

For the current analysis, all consecutive adult patients admitted between January 1, 2013 

and December 31, 2015 to the emergency departments of five tertiary care hospitals for 

major, acute muscular hematoma while exposed to an antithrombotic agent were included in 

the analysis. The severity of the bleeding was defined from at least one of the following 

criteria [14]: unstable hemodynamics (systolic arterial pressure < 90 mmHg or mean arterial 

pressure < 65 mm Hg) or hemorrhagic shock, uncontrollable bleeding, need for transfusion or 

hemostatic procedure (embolization, surgery) and compartment syndrome. In each emergency 

department, the local referent medical doctor validated the final inclusion of all records 

screened for acute, severe bleeding. The following patients were excluded from the analysis: 

patients with muscular hematomas occurring during hospitalization after admission for 

reasons other than bleeding, and patients hospitalised for an intentional overdose of 

antithrombotic drugs. 

No informed signed consent was required. The study was reviewed and approved by the 

Rennes University Hospital Review Board and received regulatory approval (CNIL, DR-

2013-488, with subsequent substantial changes DR-2016-489); ClinicalTrials.gov identifier: 

NCT02886533. 

2.2. Data source and variables  

From the emergency department clinical records, clinical and biological data were 

collected: demographics (age, gender), medical history, history of trauma, comorbid 

conditions, antithrombotic agent class (oral anticoagulants (VKA or DOAC), parenteral 

anticoagulants (heparin, low-molecular-weight heparin, fondaparinux), antiplatelet agents 

(mono or dual therapy) and any combinations), the indications for the antithrombotic agents, 

the type of bleeding/outcome, vital signs at admission (mean blood pressure), biological data 

at admission (hemoglobin and creatinine levels), management of the bleeding in the 

emergency department: specific emergency therapies such as red blood cell transfusion, 

platelet transfusion, plasma transfusion, vitamin K, protamin sulfate, prothrombin complex 

concentrates (PCC) and FEIBA, and vascular or surgical procedures. From hospital medical 
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records, the length of stay in hospital and in ICU, and fatalities defined as in-hospital 

mortality were extracted.  

2.3. Statistical analysis 

Firstly, the clinical characteristics were described according to hematoma locations divided 

into 5 groups: upper limb hematoma, lower limb hematoma, rectus sheath hematoma, 

iliopsoas hematoma, and others.  The distribution of antithrombotic agent classes - oral 

anticoagulants (vitamin K antagonist, direct oral anticoagulant), antiplatelet agents 

(monotherapy or dual therapy), and parenteral anticoagulants (heparin, low molecular weight 

heparin (LMWH), fondaparinux) – was studied across hematoma locations. 

Secondly, management and in-hospital mortality were compared across hematoma 

locations. 

For the stratified statistical analysis, general association statistics were used, testing the 

alternative hypothesis that, for at least one stratum, there is some kind of association. Potential 

confounders were then taken in account in a multivariate binomial regression model. All 

statistical tests were two-tailed and P-values <0.05 were considered significant. Statistical 

analyses were performed using SAS software 9.4 (SAS Institute, Cary, N.C., USA). 
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3. Results

3.1. Clinical characteristics 

Over a 3-year period, 375 patients (mean age 81.4 years) with major muscular hematomas 

were included; 56.3% were female; 293 patients (78.1%) met the ISTH criteria [15]. Among 

the remaining 82 patients, 41 had either unstable hemodynamics, hemorrhagic shock, or 

uncontrollable bleeding. Patient enrolment was based on medical validation. 

Table 1 shows the clinical characteristics, comorbidities, and biological data recorded at 

admission according to hematoma location. The distribution of muscular locations was as 

follows: lower limb hematoma (n = 198), rectus sheath hematoma (n = 71), iliopsoas 

hematoma (n = 45), upper limb hematoma (n = 33), other locations (n = 28, including gluteal 

n = 6, latissimus dorsi n = 5, pectoralis n = 5, miscellaneous n = 3, and non-determined n = 9). 

A history of trauma was reported for about half of the population, especially among patients 

with limb hematomas. Ground-level falls were the predominant cause of injury. 

The distribution of antithrombotic agents according to hematoma location is shown in 

Appendix A Table A.1. For three quarters of the patients (284/375, 75.7%), muscular 

hematomas were associated with oral anticoagulants, mostly VKAs (n = 271, 95.4%) rather 

than DOACs (n = 13, 4.6%). 

The indications for antithrombotic agents are reported in Appendix A Table A.2.  The 

main indication for oral anticoagulants was atrial fibrillation (AF) (60.5% for VKA and 

69.2% for DOAC) followed by venous thromboembolism (VTE). Antiplatelet agents were 

prescribed to patients with stroke and coronary disease. 

3.2. Management of the bleeding event 

For the entire population, reversal therapy (vitamin K and/or PCC) was prescribed to 182 

(48.5%) patients (Appendix A Table A.3). Red blood cell transfusions were required for 235 

(63.6%) patients. For 46 (12.3%) patients, surgery was required for compartment syndrome. 

Thirteen (3.5%) required embolization. Hospitalization was required for 84% of the overall 

population with a median length of stay of 10 days. 

Appendix A Table A.4 shows the management of the bleeding event among patients 

receiving VKAs according to hematoma location. Reversal therapy using vitamin K or PCC 

was prescribed more often to patients with iliopsoas hematomas than to patients with other 

hematoma locations (p= 0.005).  Red blood cell transfusions were needed for 60% of the 

overall population. For 14 patients with lower limb hematoma and 9 patients with upper limb 

hematoma, surgery was required for compartment syndrome. 
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Table 1  

Baseline characteristics according to hematoma location. Values are Frequency (Percent), or mean ± SD, MAP stands for Mean arterial pressure, 

GI for gastrointestinal, and IC for intracranial. P-value based either on chi-square test, Fisher’s exact test or Kruskall-Wallis’ test. 
Overall 

N = 375 

Lower limb 

 N = 198 

Upper limb 

N = 33 

Rectus sheath 

N = 71 

Iliopsoas 

N = 45 

Other 

N = 28 

p-value 

Gender, female 211 (56.3) 121 (61.1) 19 (57.6) 41 (57.7) 15 (33.3) 15 (53.6) 0.020 

Age, years 81.4 ± 10.8 82.2 ± 11.1 81.7 ± 12.2 81.1 ± 9.60 78.3 ± 10.8 81.0 ± 9.4 0.052 

Cancer 38 (10.1) 22 (11.1) 4 (12.1) 4 (5.6) 6 (13.3) 2 (7.1) 0.589 

Arterial hypertension 227 (60.5) 113 (57.1) 22 (66.7) 46 (64.8) 29 (64.4) 17 (60.7) 0.673 

Diabetes mellitus 55 (14.7) 30 (15.1) 3 (9.1) 8 (11.3) 10 (22.2) 4 (14.3) 0.468 

Coronary artery disease 90 (24.0) 52 (27.3) 6 (18.2) 20 (28.2) 7 (15.6) 5 (17.9) 0.382 

Cardiac insufficiency  66 (17.6) 32 (16.2) 7 (21.2) 16 (22.5) 8 (17.8) 3 (10.7) 0.611 

Cardiac valvulopathy 47 (12.5) 19 (9.6) 5 (15.1) 13 (18.3) 9 (20.0) 1 (3.6) 0.082 

Lower limb arteriopathy 53 (14.1) 31 (15.7) 6 (18.2) 7 (9.9) 4 (8.9) 5 (17.9) 0.520 

Ischemic stroke 81 (21.6) 40 (20.2) 9 (27.3) 15 (21.1) 11 (24.4) 6 (21.4) 0.897 

History of bleeding  75 (20.0) 37 (18.7) 8 (24.2) 14 (19.7) 11 (24.4) 5 (17.9) 0.874 

GI bleeding 24 14 2 4 2 2 

IC bleeding 11 4 1 3 3 - 

Other 40 19 5 7 6 3 

Gastro-duodenal ulcer 17 (4.5) 9 (4.55) - 4 (5.6) 4 (8.9) - 0.335 

Liver cirrhosis 4 (1.1) 2 (1.01) 1 (3.0) - 1 (2.2) - 0.404 

Chronic renal failure 59 (15.7) 21 (10.6) 10 (30.3) 14 (19.7) 11 (24.4) 3 (10.7) 0.010 

Current smoking 13 (3.5) 4 (2.0) 1 (3.0) 4 (5.6) 2 (4.4) 2 (7.1) 0.268 

Alcoholism 22 (5.9) 8 (4.0) 6 (18.2) 4 (5.6) 1 (2.2) 3 (10.7) 0.021 

MAP (mm Hg) 82.7 ± 17.0 83.3 ± 17.3 83.2 ± 18.0 84.0 ± 13.6 78.2 ± 18.9 81.8 ± 18.0 0.501 

Creatinine (µmol /L) 114 ± 72 102 ± 52 129 ± 86 118 ± 86 157 ± 99 103 ± 56 <.001 

Hemoglobin (g/dL) 9.6 ± 2.5 9.2 ± 2.3 10.2 ± 2.5 10.4 ± 2.1 9.7 ± 2.9 10.1 ± 3.0 <.001 

Trauma 171 (45.6) 102 (51.5) 20 (60.6) 22 (31.0) 10 (22.2) 17 (60.7) <.001 

Minor 16 11 3 1 - 1 

Ground-level falls 129 77 14 16 8 14 

Major fall 14 8 2 1 1 2 

Traffic injury 6 4 - 2 - - 

Context lacking 6 2 1 2 1 - 
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3.3. Predictors of in-hospital mortality 

Overall in-hospital mortality was 8.5%, higher among patients with iliopsoas hematoma 

than among patients with other hematoma locations (p = 0.015) (Appendix A Table A.5). The 

univariate and multivariate analyses for predictors of in-hospital mortality are reported in 

Table 2. Age, gender, hematoma location, reversal therapy, surgery, embolization, class of 

antithrombotic agents, trauma, and biological data at admission were variables used in the 

univariate analysis.  Iliopsoas hematoma (RR = 3.06, 95%CL: 1.69-6.73), a 20-unit decrease 

in mean arterial pressure (RR = 1.84,95%CL: 1.20-2.82) and a 2-unit decrease in hemoglobin 

level (RR = 1.37, 95%CL: 1.06-1.77) were the 3 independent predictors of in-hospital 

mortality.   

Table 2 

Predictors of in-hospital mortality (univariate analysis based on 375 observations and 32 

deaths, multivariate analysis based on 361 observations).
 1

 vitamin K, prothrombin complex

concentrate (PCC), plasma transfusion or protamin sulfate; DOAC stands for direct oral 

anticoagulant, Hb for hemoglobin, MAP for mean arterial pressure, RR for risk ratio, and CL 

for confidence limit. 

Variable Univariate analysis Multivariate analysis 

RR 95%CL RR 95%CL 

Hematoma location 

Lower limb 1.00 

Upper limb 2.11 0.72 6.25 1.73 0.54 5.61 

Rectus sheath 1.25 0.45 3.46 1.62 0.58 4.49 

Iliopsoas 3.88 1.76 8.57 3.06 1.69 6.73 

Other location 0.99 0.23 4.31 0.99 0.25 3.99 

Trauma 0.71 0.36 1.42 

Antithrombotic agents 

Vitamin K antagonist 

DOAC 0.83 0.12 5.69 

Antiplatelet agent 0.33 0.05 2.35 

Heparin 0.87 0.31 2.38 

Fondaparinux 1.35 0.21 8.80 

Specific reversal therapy
1

1.20 0.62 2.33 

Surgery 0.47 0.12 1.93 

Embolization 1.86 0.49 6.95 

Age, 10-year increase 1.23 0.86 1.77 

Female 1.14 0.58 2.23 

MAP (mm Hg), 20-unit decrease 2.22 1.48 3.34 1.84 1.20 2.82 

Hb (g/dL), 2-unit decrease 1.43 1.07 1.89 1.37 1.06 1.77 

Creatinine (µmol/L), 20-unit increase 1.03 0.95 1.11 
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4. Discussion

Our population was a large prospective cohort of 375 patients who had been prescribed 

some type of antithrombotic agent and who had been referred for major muscular hematomas. 

To include a population that was as homogenous as possible, strict criteria were used to define 

major bleeding, based on the French guidelines [14]; however, we acknowledge that there was 

a slight alteration with respect to the International Society on Thrombosis and Hemostasis 

(ISTH) classification [15]. This selected cohort corresponded to nearly half of the overall 

population exposed to antithrombotic agents with intramuscular hematoma, in line with 

Moustafa et al., who reported major muscular bleeding using the ISTH criteria for about half 

of his recruitment [5]. A large majority of the major muscular hematomas observed in this 

study were associated with oral or parenteral anticoagulants (91.2%). Major muscular 

hematomas have been very rarely associated with antiplatelet agents, 8.8% in the present 

study and 4% in our previous study [6], irrespective of location. Indeed, only case-reports of 

patients with major muscular hematoma associated with antiplatelet agents were found [16-

20]. 

Except for iliopsoas hematomas, major muscular hematomas have been reported to occur o 

particularly among older women [21]. Trauma was reported in about half of this population, 

especially in the limbs, with a large predominance of ground-level falls. In our study, 

spontaneous hematomas were observed in rectus sheath and iliopsoas locations, which is in 

line with other studies [22,23].  

The lower limbs are the main hematoma location. Most are post-traumatic and more than 

four-fifths of the patients require hospitalization. In our cohort, 14 patients (11%) required 

surgical decompression and fasciotomy. This well-known complication is most common in 

the anterior and deep compartments of the leg [24,25]. Upper arm hematomas were observed 

for 33 patients (9%). For 9 patients exposed to VKAs, surgery was required for compartment 

syndrome, which is an uncommon bleeding complication rarely reported in the literature. 

Indeed, Maeckelbergh et al. found only 13 articles reporting cases of upper arm compartment 

syndrome in a review of the literature [26]. Early surgery for decompression (fasciotomy) is 

essential to prevent irreversible muscle ischemia, tissue necrosis, permanent functional 

impairment and in some cases renal failure due to rhabdomyolysis [27]. 

Almost all patients with rectus sheath hematoma (RSH) in our study were exposed to oral 

or parenteral anticoagulation. RSHs have been reported among patients exposed to sub-

cutaneous heparin and LMWH injections for atrial fibrillation or venous thromboprophylaxis, 

with an increased risk in the elderly population [28]. Invasive hemorrhage control should be 
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considered in case of unstable hemodynamics or signs of abdominal compartment syndrome: 

angiography, and embolization or surgical ligation of bleeding vessels, have been reported to 

be safe and efficacious [29,30].   

Although uncommon, the most serious hematoma location is iliopsoas hematoma 

[22,23,31,32]. In the present study, 84.4% of these patients were exposed to oral 

anticoagulants and 13.3% to parenteral anticoagulants. This location combined all severity 

criteria: the most severe clinical presentations, unstable hemodynamics, hemorrhagic shock, 

increased creatinine levels, and high in-hospital mortality (22.2 %). Among patients receiving 

VKAs, reversal therapy with vitamin K and PCC was required for 75.7% and 56.8% 

respectively; surgery and embolization were required for 10.8% and 5.4% respectively. These 

elements are in line with Ljitos et al., who reported on 77 patients with iliopsoas hematoma in 

3 ICUs over an 8-year period [23]. Most of them were exposed to anticoagulants (72%), some 

required reversal therapy (38%), and 22% and 9% respectively required embolization or 

surgery, with a high mortality of 30%. As reported in the present study, the majority of 

iliopsoas hematomas (here 35/45) are spontaneous [22,33]. Patients with a combination of 

antithrombotic agents, such as heparin plus vitamin K antagonist or vitamin K antagonist plus 

antiplatelet agent, have been reported to be more likely to require intensive care and a longer 

ICU stay [34]. Iliopsoas hematoma is a potentially life-threatening site of bleeding leading to 

a mortality rate of 20 to 30% [23,31]. 

No statistical comparison between oral anticoagulants was performed, because our study 

was not designed for this, but previous results suggest that DOACs are associated with a 

lower proportion of “other” major bleeding (including muscular hematomas which account 

for 1/3 of these events) [13]. 

In our cohort of cases of major intramuscular bleeding, in-hospital mortality was 

significant (8.5%). Neither age, the type of antithrombotic agent nor specific reversal therapy 

were predictors of mortality. Compared to other locations, the iliopsoas location was a strong 

predictor of mortality, which is in line with other authors’ findings [31,34]. 

In conclusion, in our study lower limb hematomas were the most frequent location, but the 

iliopsoas location was the most life-threatening bleeding site. Decreases in mean arterial 

pressure and in hemoglobin levels and the iliopsoas location were independent predictors of 

mortality. Physicians should be aware that intramuscular hematomas associated with 

antithrombotic agents can lead to significant morbidity and mortality. Close observation is 

warranted for these patients to ensure better outcomes.  
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Data on major muscular hematomas while exposed to any antithrombotic agents are lacking 

Major muscular hematomas were mostly located in the lower limbs 

Iliopsoas location was an independent predictor of in-hospital mortality 
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