


Risk Stratification, Treatment Approach and Short-Term Outcomes of Acute Pulmonary Embolism in a Moroccan Tertiary Cardiology Department: A Retrospective Study


Abstract
Background: Acute pulmonary embolism (PE) is a major cardiovascular emergency associated with substantial morbidity and mortality, particularly when diagnosis is delayed. Because the clinical spectrum varies widely (mild dyspnea to near-cardiac collapse), it is important for clinicians to classify patients according to risk shortly after diagnosis so that they may use that classification to determine the level of treatment intensity and monitoring needed. There is very little information available about northern Africa tertiary cardiac care centers. The aim of this study was to describe the clinical characteristics, risk classification (based on the ESC guidelines), treatment patterns and short-term outcomes of patients with acute PE who were hospitalized in the Cardiology Department of Ibn Rochd University Hospital in Casablanca.
Methods: A retrospective observational study was conducted to review and analyze the data of all consecutively hospitalized patients diagnosed with acute PE between January 2024 and December 2025 (a 2-year study period). Recorded demographic data, clinical presentation and treatment, as well as risk classification and in-hospital outcomes were collected through chart review. Patients were classified according to the latest ESC guidelines for risk classification dated 2019.
Results: Twenty-two men and thirty-two women were included (n = 54); women accounted for 59.3% of the cohort. Mean age was 60 ± 18 years (range, 22–88 years). The most common predisposing factors were prolonged immobilization (81%), obesity (52%), recent surgery (28%), hormonal or postpartum exposure (28%), active cancer (15%), and previous venous thromboembolism (7%). High-risk PE was observed in 17% of patients, while intermediate-high-risk PE accounted for 44%. In addition, 39% of study patients were classified as intermediate-low risk. No patient in this study was classified as a low-risk patient. Anticoagulation was the first-line treatment for acute pulmonary embolism (acute PE), with 30% of patients taking direct oral anticoagulants, 30% receiving subcutaneous low-molecular-weight heparin, followed by oral vitamin K antagonists, 25% receiving intravenous unfractionated heparin followed by oral vitamin K antagonists, and 15% receiving subcutaneous low-molecular-weight heparin only. Five (9%) of the patients received systemic thrombolysis. The mean length of hospital stay was 7 ± 3 days; 87% required ICU admission during hospitalization. The in-hospital mortality rate was 9 out of 54 (16.7%). The high-risk group had 55.6% mortality (5 out of 9) and the intermediate-high-risk group had a 16.7% mortality (4 out of 24). 
In our cohort, most of the acute PE cases occurred in terms of early risk (intermediate/high early risks); included a transient provoking factor (patients had multiple factors that might cause them to experience acute PE) and were often obese. The large amount of in-hospital mortality associated with acute PE emphasizes the importance of early severity assessment, initiation of anticoagulation, appropriate escalation of treatment, and developing an organized written follow-up system after hospital discharge.
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1. Introduction
Acute pulmonary embolism (PE) continues to be a leading cause of cardiovascular morbidity and mortality. Patients may experience a wide variety in severity of PE, ranging from mild symptoms to complete hemodynamic collapse. The prognostic value of the patient as defined upon presentation will determine the intensity of treatment and level of monitoring; therefore, risk stratification is an essential component in the acute management of PE (1-5).
The current management of PE is based on new European Society of Cardiology (ESC) risk stratification that utilizes hemodynamic status, echocardiographic assessment of right ventricular dysfunction (RVD), several cardiac biomarkers and clinical prognostic scores (1,9-11). Electrocardiographic findings can support the early bedside assessment of acute PE, but they are not diagnostic on their own (12). 
While anticoagulation therapy remains the mainstay in managing most patients' PE, there is still ongoing development concerning some aspects of management for patients with intermediate and high-risk PE. Recent publications have highlighted ongoing developments in reperfusion timing, catheter-based interventions, and multidisciplinary pathways for the management of acute PE (13,14). These developments are particularly relevant for tertiary hospitals managing the most critically ill patients and requiring timely decisions regarding thrombectomy, transfer for interventional care, or other advanced procedures (2,15,16).
In Morocco and North Africa, hospital data are scarce regarding the epidemiology of PE severity, treatment patterns and short-term outcomes related to PE in tertiary cardiology units. 
In this context, understanding how PE is actually stratified and managed in resource-constrained tertiary centers is clinically important.
The present study was therefore designed to describe the epidemiologic profile, ESC-based risk stratification, treatment management, and short-term outcomes of patients hospitalized for acute PE in the Cardiology Department of Ibn Rochd University Hospital in Casablanca over a two-year period.
2. Methods
2.1 Study design and setting
This was a retrospective, observational, descriptive study conducted in the Cardiology Department of Ibn Rochd University Hospital, a tertiary care center in Casablanca, Morocco, over a two-year period (January 2024 to December 2025).
2.2 Study Population 
Consecutive adult patients admitted to the hospital during the study period with documented acute PE were included in the study. The diagnosis of PE was primarily confirmed via CTPA. Ventilation perfusion scans were an acceptable diagnostic tool in some patients where there was no other possible acceptable method of diagnosis and were documented in the medical record as a valid diagnostic method. For patients with hemodynamic instability, a transthoracic echocardiogram was used as an adjunct to provide evidence for the diagnosis and assess right ventricular involvement when the immediate definitive imaging was not possible (17-19). Patients were excluded if medical records were incomplete and did not allow risk stratification, or if the patient had been managed primarily in another department before being secondarily referred.
2.3 Data collection
Data were sourced and compiled from medical records, hospital discharge logs, and a computerized information system. The type of variables recorded included demographic information, cardiovascular risk factors, thromboembolic risk factors, pulmonary embolism (PE) severity profile, mode of treatment, respiratory/hemodynamic support given, any complications that arose during the hospitalization, length of stay in the hospital, whether the patient spent a part of their hospitalization in the intensive care unit (ICU), if they died during their hospitalization, and the availability of a follow-up at 30 days and/or three months of the patient’s discharge.
2.4 Risk Stratification
The 2019 ESC framework was used to assess the risk of patients with pulmonary embolism (PE). High-risk PE was defined by hemodynamic instability, including sustained hypotension, obstructive shock, or cardiac arrest. All patients with stable hemodynamics (sufficient blood flow) were classified as intermediate-high risk if the patient exhibited right ventricular dysfunction and had elevated cardiac biomarkers. PESI or sPESI was systematically assessed from the available clinical data and incorporated into ESC-based risk stratification (20,21). An intermediate-low risk classification was issued if either right ventricular dysfunction or elevated cardiac biomarkers was noted without the identification of both. Low-risk PE was defined as hemodynamically stable pulmonary embolism in patients with a favorable clinical prognostic score (e.g., PESI class I–II or sPESI = 0), without evidence of right ventricular dysfunction or cardiac biomarker elevation. 
2.5 Therapeutic treatment
The attending team made decisions regarding treatment based on the patient's clinical presentation, ESC-based severity profile, comorbidities and resources available in their location. Management typically followed contemporary guideline recommendations, with anticoagulation recommended first line treatment, and systemic thrombolysis used only in high-risk PE, or selected unstable intermediate-high-risk cases. Supportive therapies included oxygen supplementation, non-invasive ventilatory support, vasopressor support, invasive mechanical ventilation, and ICU admission when clinically indicated.
2.6 Statistical analysis
The data will be analyzed descriptively using Microsoft Excel. Data will be reported using the mean ± standard deviation (SD) and the range if available for continuous variables. For categorical variables, the numbers and percentages will be reported. Due to the limited sample size and the descriptive nature of the project, no inferential statistical comparisons will be completed.
2.7 Ethical aspects
The study was completed in accordance with institutional guidelines for retrospective studies utilizing blinded hospital records. Patient confidentiality was maintained throughout the data collection and analysis process.
3. Results
3.1 Baseline characteristics
The cohort included 32 women and 22 men, for a total of 54 patients. Women slightly predominated in the cohort, as shown in Figure 1. Mean age was 60 ± 18 years (range, 22–88 years). The cohort had a substantial burden of cardiovascular risk factors (hypertension, diabetes, and dyslipidemia were each identified in 20% of patients, and active smoking was identified in 34%).
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Figure 1. Sex distribution of the study cohort (n = 54).


3.2 Predisposing factors
With respect to venous thromboembolism (VTE) predisposition, the main factor was prolonged immobilization, as recorded for 81.0% of cases. Of the patients sampled, 52.0% were obese (body mass index ≥30 kg/m²). Recent surgery (<1 month) was present in 28.0% of patients. Hormonal or postpartum exposure was identified in 28% of the overall cohort. Active malignancy had been documented in 15.0% and chronic heart or respiratory failure in 13.0%. There were 9.0% of patients who had a history of miscarriages, 7.0% who had a history of deep venous thrombosis and/or pulmonary embolism and 5.0% who had suffered a stroke/transient ischemic attack. No cases of thrombophilia or systemic inflammatory disorders were documented. A provoking factor was identified in 91.0% of cases, whereas only 9.0% were classified as unprovoked VTE. The distribution of the main predisposing factors is summarized in Figure 2.
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Figure 2. Major predisposing factors for venous thromboembolism among hospitalized patients with acute pulmonary embolism.




3.3 ESC risk stratification

ESC-based assessment showed that the cohort was predominantly composed of patients with clinically significant early risk. Intermediate-high-risk PE was the most frequent category, followed by intermediate-low-risk and high-risk PE, while no patient fulfilled low-risk criteria (Figure 3). This pattern is consistent with the referral profile of a tertiary cardiology department.
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Figure 3. ESC-based early risk stratification of acute pulmonary embolism in the study cohort.



3.4 Treatment management
Anticoagulation was administered in all patients and remained the keystone of management. Sixteen patients (30%) received direct oral anticoagulants, almost exclusively rivaroxaban, with one patient receiving apixaban. Sixteen patients (30%) received LMWH followed by a vitamin K antagonist, 14 (25%) received UFH followed by a vitamin K antagonist, and 8 (15%) received LMWH without oral anticoagulant relay during hospitalization. Systemic thrombolysis was performed on 5 patients (9%) of whom 3 were in the high-risk category and 2 were in the unstable intermediate-high-risk group. The anticoagulant regimens used during hospitalization are shown in Figure 4.
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Figure 4. Anticoagulant strategies used during hospitalization.

Supportive therapies were commonly used during hospitalization including oxygen therapy in 34%, non-invasive ventilatory support in 34%, vasopressor support in 15%, and invasive mechanical ventilation in 15% of patients. Supportive care requirements are presented in Figure 5.
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Figure 5. Supportive care requirements during hospitalization.

3.5 In-Hospital Outcomes
The mean length of hospital stay was 7 ± 3 days. The majority of patients (87%) were admitted to the intensive care unit, reflecting the severity of the study population. No bleeding complications were documented during hospitalization. Recurrent thromboembolic events occurred in 2 patients (4%), and in-hospital mortality was 9/54 (16.7%). Among high-risk patients, 5 died, corresponding to a mortality rate of 55.6%. Among intermediate-high-risk patients, 4 of 24 died (16.7%). Short-term in-hospital outcomes are summarized in Figure 6, while mortality by ESC risk category is detailed in Figure 7.
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Figure 6. Short-term in-hospital outcomes.
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Figure 7. In-hospital mortality according to ESC risk category.

3.6 Follow-Up
Follow-up data were available for all 45 patients discharged alive (83% of the 54 patients). No recurrent events were documented at 30 days, and no deaths were recorded during the 3-month follow-up period.
Table 1 summarizes early risk stratification and in-hospital mortality. Table 2 summarizes the anticoagulant strategies used during hospitalization.
Table 1. Early risk stratification and in-hospital mortality
	Risk category
	n (%)
	Deaths, n
	Mortality (%)

	High risk
	9 (17)
	5
	55.6

	Intermediate-high risk
	24 (44)

	4
	16.7

	Intermediate-low risk
	21 (39)
	0
	0

	Low risk
	0 (0)
	0
	0

	Overall
	54 (100)
	9
	16.7


Table 2. Anticoagulant strategies used during hospitalization
	Treatment regimen
	n (%)

	Direct oral anticoagulants
	16 (30)

	LMWH followed by VKA
	16 (30)

	UFH followed by VKA
	14 (25)

	LMWH without oral relay
	8 (15)

	Systemic thrombolysis
	5 (9)


4. Discussion
This study suggests that acute PE managed in our tertiary cardiology department was predominantly severe at presentation, with most patients classified as intermediate or high early risk. This severity profile probably reflects referral bias toward more complex or unstable cases rather than the full spectrum of PE seen in general emergency practice. It may also help explain the high ICU utilization and the substantial in-hospital mortality observed in our cohort. The importance of risk stratification in the management of acute PE is recognized by all stakeholders; it provides continuity between bedside assessment and the intensity of monitoring and treatment provided to the patient throughout the hospital course. Both the latest ESC guidelines and several recent systematic reviews have clearly demonstrated that the first prognostic discriminator is the patient's hemodynamic status (i.e., hypotensive), whereas hemodynamically stable patients need to be further stratified based upon right ventricular dysfunction, biomarker levels, and established clinical scoring systems (1,9-11). This predominance of individuals with either intermediate/high-risk or high-risk profiles points to significant referral bias towards more severely affected patients compared to patients presenting to the emergency department who will not be seen by a cardiologist for similar risk profiles (6,14).
There are also a variety of direct practical implications of our identified risk factors; for example, the high prevalence of prolonged immobilization in our cohort supports improved thromboprophylaxis, earlier mobilization, and closer monitoring, should be performed for bedridden/postoperative patients to reduce the incidence of PE managed in hospitals. Studies in the literature continue to report that other major risk factors for venous thromboembolic disease are: immobilization; trauma; surgery; cancer; obesity; hormonal exposures; and older age (2,5,16,22,23). Diagnostic evaluation may be even more challenging in pregnancy, which remains a special clinical situation in suspected PE (24).  Therefore, from a preventive standpoint, our findings should stimulate the routine establishment of VTE prevention protocols at a local level for patients who are either postoperatively or medically immobilized .
Another important result was the high prevalence of obesity, which was observed in 52% of our sample. Obesity is not merely an underlying comorbidity; it also has a direct impact on the likelihood of thrombosis, resulting from chronic venous stasis, a chronic inflammatory state, endothelial dysfunction and impaired fibrinolytic activity. Recent expert statements and consensus documents have reinforced the clinical importance of obesity in venous thromboembolic disease and have also addressed practical issues regarding the use of direct oral anticoagulants in obese patients (16). In our setting, the high prevalence of obesity supports routine measurement and documentation of body mass index, as well as systematic screening for associated cardiometabolic conditions such as diabetes, reduced mobility, and hypertension.
All patients received anticoagulant therapy as the mainstay of treatment consistent with currently accepted guidelines (1,14). Results demonstrate that traditional modalities are still very much utilized in everyday clinical practice. For example, 30% of patients received an oral direct anticoagulant; however, considerably more were treated with an injectable anticoagulant and switched to a vitamin K antagonistic agent afterward. Factors which may influence these data include physician preference, severity of clinical condition, frequency of patient monitoring, financial issue, and the fact that many of these patients were initially unstable. Direct oral anticoagulants are increasingly used in routine practice after initial stabilization, although treatment selection remains influenced by severity, monitoring constraints, and resource availability. 
Only 9% of patients received systemic thrombolysis, mainly patients with high-risk PE. This pattern confirms the principle that reperfusion is generally reserved for hemodynamically unstable patients or selected patients at high risk of becoming hemodynamically unstable (1,14). Thrombolysis remains a treatment with potential clinical benefit, but this must always be balanced against an increased risk of bleeding. For intermediate-high-risk PE, the key challenge is therefore not indiscriminate thrombolysis, but rather early identification of the subset most likely to deteriorate despite anticoagulation (10,11). Recent work has stressed the need for better predictors of early decompensation within this group, because current algorithms still leave uncertainty regarding the timing of intensive monitoring and escalation.
The pursuit of alternative therapies for catheter-based interventions along with the advent of multidisciplinary pulmonary embolism (PE) response team models are also relevant to our findings. Catheter-based treatment was not a continual practice at our facility; however, there has been a report of increasing literature support for the use of mechanical thrombectomy and catheter-directed thrombolysis as therapeutic options to systemic thrombolysis in specific patient populations (13,14). Multidisciplinary PE response pathways may facilitate decision-making in complex cases, although their availability remains limited in many settings.
Caution is warranted when interpreting our mortality data. The overall in-hospital mortality rate of 16.7% is higher than rates for many broad-based PE registry studies; this is not surprising given the predominance of patients with severe PE among our study population. The mortality rate in high-risk patients was 55.6%, which is consistent with historical data for obstructive cardiogenic shock and asystole due to PE. Contemporary population-based data still confirm that mortality in high-risk PE remains very high and that reperfusion therapy is often underused in routine care (1,15). Limited technological capacity, delayed diagnosis, and restricted access to advanced reperfusion strategies may all have contributed to poorer outcomes in our setting.
No recurrent events were documented during short-term follow-up among surviving patients.
The apparently favorable short-term follow-up findings should be interpreted with great caution. Because follow-up was retrospective and relied on available records, recurrent events, persistent symptoms, and complications occurring outside our institution may have been missed. The absence of documented events therefore should not be interpreted as proof of absence of post-discharge morbidity.
These findings must also be interpreted in light of the retrospective design, the limited sample size, and the single-center nature of the study. Recent reviews point out the importance of post-PE syndrome, persistent exercise intolerance, recurrent venous thromboembolism, chronic thromboembolic pulmonary hypertension, and reduced quality of life after discharge (20). Structured post-discharge follow-up, therefore, is still essential, especially in patients with obesity, cancer, persistent dyspnea, or residual right ventricular dysfunction (25).
In our center, advanced catheter-based reperfusion strategies were not routinely available. This is clinically relevant because a substantial proportion of patients had intermediate-high-risk or high-risk PE, a subgroup in whom escalation pathways may be required. Our findings therefore support efforts to improve referral organization and access to advanced reperfusion options for selected severe cases.
Our findings also have consequences for cancer-associated and outpatient PE management. Although active cancer was present in only 15% of patients, this subgroup remains clinically important because the balance between recurrence, bleeding, and survival differs from that in non-cancer patients. As a result, outpatient management using direct oral anticoagulants (DOACs) has gained increasing attention for carefully selected patients with low risk, and may be implemented even in certain cases of PE related to cancer; however, this will require standardized triage processes, reliable follow-up, and a consistent infrastructure, all of which may not currently exist in all public sectors (2,14).

There are several limitations associated with our study. Due to the fact that this was a retrospective study, there was potential for the introduction of an information bias related to retrospective data collection and no control over missing data. The number of subjects who formed the basis of the current study was limited and represented a single institution, thus limiting the external generalization of these results. Moreover, as the study population was comprised entirely from a tertiary care cardiology cohort, we are highly confident that there was a significant over-representation of patients with severe PE (pulmonary embolism). Additionally, variables that may have had an impact on patient prognosis, including but not limited to certain laboratory tests, standard definitions of bleeding, and long-term functional status, were not available for every patient in this study. However, the available data is of value because it will provide much needed local-based real-world evidence from an area where little data exists; furthermore, this study provides the opportunity to emphasize important clinical priorities that need to be addressed in order to improve patient care.
Improving thromboprophylaxis for immobilized and postoperative patients in Morocco, standardizing the assessment of PE severity at admission, and expanding access to acute reperfusion strategies should be considered key priorities. Establishing a local or national PE registry would probably be one of the most useful following steps, as it would permit better benchmarking, clarify treatment patterns, and help identify where delays or lost opportunities occur.
Another aspect of interest is that provoked PE predominated in our cohort; only one case was deemed 'apparently' unprovoked. Our cohort is consistent with what has been observed with unprovoked PE in some western registries; it contrasts with what has been seen in other cohorts where unprovoked cases represent a greater percentage of total cases; therefore, it seems that there is a substantial amount of severe PE occurring in our institution that can be connected to identifiable short-term triggers. From a public health perspective, provoked PE may be partly preventable through improved perioperative prophylaxis, earlier mobilization, risk-adjusted thromboprophylaxis, and better documentation of hormonal exposure and cancer status at admission (1,2,5,16).
The issue of the high rate of admission to Intensive Care Units is another important topic to mention in regards to this study. Many studies limit admission to those who are in hemodynamic instability or at risk of deterioration, however based on data from this study, approximately 87% of patients were in need of admission to an Intensive Care Unit which can be attributed to how badly they were affected by the disease itself and how the facility was setup within their organization. Some Tertiary facilities with cardiology services have utilized admission to an Intensive Care Unit as a means to protect the patient from further deterioration when they have significant right ventricular strain, significant hypoxemia or are not on a predictable course early on in their hospitalization and not necessarily have full shock. This may be a rational approach in the absence of highly granular deterioration scores, especially for intermediate-high-risk PE, but it also underlines the pressure that acute PE places on critical care resources.
Future prospective studies with standardized collection of prognostic scores, biomarkers, echocardiographic data, bleeding outcomes, and structured follow-up are needed to better define outcomes and optimize triage and treatment pathways in our setting.
This study has several limitations. First, its retrospective design exposed it to information bias and incomplete documentation. Second, the sample size was relatively small for a two-year period, which may reflect the single-center design and the fact that only patients hospitalized in a tertiary cardiology department were included. Third, the study population likely overrepresented more severe PE cases, limiting generalizability to the broader PE population. Fourth, no inferential statistical analysis was performed, so the findings should be considered descriptive. Finally, follow-up data may have underestimated post-discharge complications and recurrent events occurring outside our institution.
No inferential statistical analysis was performed; therefore, the study should be interpreted as descriptive rather than comparative.
5. Conclusion
Our study shows that acute PE managed in this Moroccan tertiary cardiology department was most often diagnosed at an intermediate or high early-risk stage and remained associated with substantial in-hospital mortality. The findings underline the importance of early severity assessment, prevention of provoked PE, timely access to appropriate reperfusion pathways for selected severe cases, and more structured post-discharge follow-up.
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