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Prognostic factors in aneurysmal subarachnoid hemorrhage with poor initial clinical grade
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Introduction: Aneurysmal subarachnoid hemorrhage (aSAH) is a rare cause of stroke that poses significant morbidity and mortality, as it affects patients around the age of 50 years. While advances in early aneurysm intervention have reduced mortality rates, many patients still experience poor outcomes due to early brain injury (EBI) and delayed cerebral ischemia (DCI). This study aims to explore the characteristics of patients with poor neurological outcomes among patients with poor neurological status at admission, using comprehensive clinical and neuroimaging data.

Methods: We analyzed 377 aSAH patients (WFNS 4–5) admitted between 2013 and 2020, focusing on demographics, clinical assessments, imaging, treatments, and outcomes at discharge and 3 months later.

Results: Among the cohort, which predominantly consisted of females, the mortality rate was 49%. Our findings indicate that older patients had poorer functional outcomes; notably, 59% of patients aged 75 and older had limitations on therapeutic efforts, leading to a 100% mortality rate in that subgroup. There was no difference in outcomes between endovascular and surgical treatments. However, patients undergoing multimodal monitoring had better functional outcomes at discharge. Angiographic vasospasm was found in 31% of patients and was linked to poorer outcomes at discharge (p = 0.016). Though DCI did not directly correlate with functional outcomes, it correlated strongly with new cerebral infarcts (90% incidence).

Conclusion: The prognosis of patients with aSAH and poor neurological status on admission is generally poor. Multimodal monitoring and tailored treatment appear to be beneficial in achieving favorable results in these patients. Despite the initial severity, up to 20% of patients achieve a good functional result on discharge and up to 35% do so at 3 months. These should be considered in the initial prognostic assessment with the families of these patients.
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1 Introduction

Subarachnoid hemorrhage caused by a ruptured aneurysm (aSAH), has a relatively low incidence of 6–10 cases per 100,000 people per year. However, it remains a major cause of stroke-related years of potential life loss, given its high morbidity and mortality rates, particularly among the middle-aged population (1, 2). Over the last decade, there has been a notable decrease in fatal rates associated with aSAH, primarily attributed to successful aneurysm treatment, which significantly reduces the risk of re-bleeding (3–6).

Unfortunately, a significant percentage of patients who receive early treatment and intensive care still do not achieve favorable neurological outcomes. Several causes are attributable to this fatal outcome: among them, there is early brain injury (EBI), which is the damage produced in the first 72 h after the event, as well as delayed cerebral ischemia (DCI), both related to the severity of initial damage (7–9). During this period, several biomarkers have been associated with poor functional prognosis in the short and medium term (10–13).

Many life-saving measures are taken during this early period. Yet, current grading scales are mainly based on clinical and basic radiological data, especially at the initial stage. The clinical status at hospital admission appears to have the greatest impact on the prognosis of these patients, with around 20–30% of all admitted aSAH patients meeting the criteria of high grade (World Federation of Neurological Surgeons (WFNS) 4 or 5).

Under these circumstances, the treatment of patients with poor initial neurological status is often questioned, considering that the reduction in mortality is at the expense of a worse functional prognosis. However, recent studies show that good functional results could be achieved in up to 30% of these patients if optimally treated (14–16). The identification of this subgroup could require multimodal monitoring and a comprehensive assessment approach, including key data obtained with intracranial pressure (ICP), tissue oxygen pressure (PtO2), and microdialysis (MD) (17–20).

The objective of this study is to identify which clinical, radiological and systemic factors are associated with good or poor prognosis. For this purpose, we evaluated potential predictive factors using an integrative approach that includes neuroimaging tools [computed tomography angiography (CT angiography), brain magnetic resonance imaging (MRI)] and multimodal neuromonitoring.



2 Methods


2.1 Patients

This is a retrospective observational study of prospectively collected data. Inclusion criteria: HSAs with poor initial neurological status (WFNS 4 or 5) with ≤24 h from the onset of neurological symptoms at our center. Patients with good initial clinical status (WFNS <4), those without angiographical evidence of aneurysmal origin, and those who were previously functionally dependent (defined as a modified Rankin Scale (mRS) score > 3) were excluded from the analysis. All patients were subsequently monitored according to the detailed protocol. This study was approved by the ethics committee of our center (HCB/2018/0390).



2.2 Variables

The following variables were collected: age, sex, risk factors (smoking, diabetes, dyslipidemia, hypertension, and alcoholism), WFNS and Glasgow Coma Scale (GCS) at hospital admission, limitation of therapeutic effort (LTE), modified Fisher scale (mFisher) on initial CT, hydrocephalus at hospital admission, presence of intraparenchymal hematoma (IPH), type of treatment (surgical or endovascular), use of invasive neuromonitoring and type (ICP, PtO2 and MD), presence of new cerebral infarction or delayed cerebral ischemia (DCI), appearance of angiographic vasospasm (aVE) (diagnosed by CT angiography, transcranial Doppler ultrasound, or arteriography). Functional outcomes were registered at discharge and 3 months follow-up, using mRS.

We defined delayed cerebral ischemia (DCI) as the onset of focal neurological deficits—including hemiparesis, aphasia, apraxia, hemianopia, or a reduction of at least 2 points on the GCS that persists for at least 1 hour. This deterioration must not be observed immediately following the occlusion of the aneurysm and should not be attributable to other factors, as confirmed by a thorough clinical evaluation, imaging studies (CT or MRI of the brain), and relevant laboratory tests (5).

Cerebral infarction was defined as the presence of an irreversible ischemic injury observed in brain CT or MRI within 6 weeks following the SAH. This injury could not be attributed to treatment or EBI, thus should not be present in the CT or MRI performed between 24 to 48 h after the aneurysm was treated (5).



2.3 Initial clinical management

The diagnosis of aSAH was based on non-contrast CT and angioCT scans, performed at our center or the referring center. Immediately upon arrival at our center, the clinical status of the patient was assessed using the GCS and WFNS scales. All patients with a WFNS score of 4 or 5 were admitted to the intensive care unit (ICU). All patients underwent early angiography (24-48 h after the event), except for those in whom the LTE was decided. During admission, prophylactic treatment with oral or intravenous nimodipine was started and maintained for at least 14 days. Intensive hemodynamic management was performed in the ICU to maintain normotension and euvolemia. The definitive treatment of the aneurysm (endovascular or surgical) was agreed upon by the neuroradiology, neurosurgery and neurology teams. An external ventricular drain (EVD) was placed in those patients with symptomatic acute hydrocephalus.



2.4 Multimodal monitoring in severe aSAH

A new neurocritical care protocol was implemented in our center in 2018. This contemplates the use of invasive multimodal neuromonitoring in high-grade aSAH patients expected to require deep sedation with assisted ventilation for at least 96 h, and no less than 24 h. Monitoring includes intraparenchymal/intraventricular ICP sensor, PtO2 sensor, and bilateral MD catheters, all intended to predict ischemic events and optimize the systemic management of these patients (17, 21) (Figure 1).
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FIGURE 1
 Computed tomography scan of aSAH-patient with poor initial clinical status. SAH due to rupture of an aneurysm in the left ACom. Axial (left panels) and coronal (right panels) sections show the ICP sensors, the catheters for bilateral microdialysis monitoring (MD), the external ventricular drain (EVD) and the PtO2 sensor.


We considered ICP values below 20–22 mmHg as normal, PtO2 values between 20 and 30 mmHg, and defined ischemic events based on a lactate-to-pyruvate ratio (LPR) greater than 40, along with a glucose concentration below 0.7 mmol/L in the case of microdialysis. These thresholds are critical for predicting ischemic events and optimizing both systemic management and, when necessary, surgical interventions for our patients. The therapeutic measures adopted based on the data obtained from the multimodal neuromonitoring were individualized for each case. These measures ranged from optimizing medical treatment to therapeutic angiographies, and in some cases, surgical interventions as needed.

Bilateral MD catheters were implanted immediately following surgical or endovascular treatment of the aneurysm. The catheters were placed in the operating room using a mini-drill at Köcher point. A CT scan was done in the first 24 h to verify the position of the catheters within the subcortical matter of the watershed territory between the middle cerebral artery (MCA) and anterior cerebral artery (ACA). An EVD was implanted in case of acute hydrocephalus, while a PtO2/ICP was selected if an EVD was not required.



2.5 Clinical follow-up

The functional status was evaluated in an ad-hoc follow-up scheduled in the first 2 weeks after hospital discharge and again after 3 months. The score on the mRS scale was registered by the physician or a trained nurse, with a score from 0 to 3 considered a good functional outcome.



2.6 Statistics

The continuous numerical variables were summarized using the mean and standard deviations (SD) and were compared using either the Student’s t-test or the Mann–Whitney test, depending on whether they followed a normal distribution or not, respectively. The distribution of the continuous variables was assessed with the Shapiro test. Categorical variables were compared using the Chi-square test. A univariate analysis was performed to evaluate the clinical and radiological variables associated with the mRS at discharge and at 3 months follow-up. For all tests, the significance level was set at a p-value<0.05 (two-tailed). All analyses were performed using IBM-SPSS V26.0 (SPSS Inc., Chicago, IL, USA) and R Commander v.4.1.3 (Vienna, Austria).




3 Results


3.1 Clinic and demographic characteristics

Between 2013 and 2020, 377 patients were admitted to our tertiary center with aSAH. Among this cohort, 108 patients had severe aSAH at the time of admission according to the WFNS grades 4–5 and were selected for this study (Figure 2).
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FIGURE 2
 Flow chart of patients admitted with SAH to our center.


Table 1 summarizes the demographic, clinical and angiographic variables of the included patients. The cohort consisted predominantly of females (71/108; 66%), with a mean age of 60 years (SD: 13). The majority were Caucasian (104/108; 96%). Notably, 44% (48/108) of patients had a history of arterial hypertension, and 35% (38/108) were smokers. Most patients had a mFisher score of 4 (102/108; 94%) at admission. The aneurysm locations were primarily in the anterior communicating artery (ACom), accounting for 30% of cases, followed by the left posterior cerebral artery (PCom) at 10% (Table 1).



TABLE 1 Clinical and radiological features of the sample.
[image: Table1]

The overall mortality rate in this cohort was 49% (53/108). Among the deceased patients, most aneurysms were located in the ACom (14/51; 25%) and the left internal carotid artery (ICA) (9/51; 16%).



3.2 Age and limitation of therapeutic effort

Patients with good functional outcomes at discharge were younger [mean age 55 years (SD: 9.3)] than patients with poor functional outcomes [mean age 61 years (SD: 13.6)] (p = 0.044). Similarly, at 3 months follow-up, the mean age of patients with better prognosis was 55 years (SD: 9.3) compared to 61 years (SD: 13.6) for those with a poor functional outcome (p < 0.001).

In our cohort, LTE was decided for 17 patients (17/108; 15%). Notably, 59% of the LTE patients were aged 75 years or older (p < 0.001). Thus, age over 75 years (20/108; 18%) was a determining factor for the decision of LTE. Among patients aged 75 and older, LTE was documented in 10 patients (10/20; 50%) while it was recorded in only 7 patients (7/88; 8%) younger than 75 years (p < 0.001) (Table 2).



TABLE 2 Clinical data of patients according to the limitation of therapy effort (LTE).
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The most frequent location of the aneurysm in patients with LTE was the basilar artery (BA) (5/17; 29%), followed by the ACom (3/17; 18%) and the right MCA (3/17; 18%). 10 out of these 17 patients (59%) had an associated parenchymal hematoma (p = 0.066). All patients with LTE decision (17/17; 100%) eventually died.



3.3 Initial clinical status and functional prognosis

Regarding the initial clinical status, 32% of patients (35/108) had a WFNS score of 4, and 68% (73/108) had a WFNS score of 5. At discharge, 8 patients with WFNS grade 4 (8/28; 28%) had a good prognosis compared to 15 patients (15/80; 19%) with grade 5 (p = 0.275). At 3 months, 13 patients with WFNS grade 4 (13/28; 46%) had a good clinical evolution compared to 22 patients (22/80; 27%) with grade 5 (p = 0.065). Regarding the GCS score at admission, most patients were admitted with a GCS score of 3 (49/108; 45%). Patients with good outcomes had a mean GCS score of 6.7 (SD: 3.7), while those with poor outcomes had a lower mean GCS score of 4.8 (SD: 2.5), with a statistically significant difference (p = 0.009).

A total of 78 (78/108; 72%) patients presented hydrocephalus requiring the placement of an EVD, without correlation with functional outcome at discharge (p = 0.748) or at 3 months follow-up (p = 0.899). Out of the 108 patients studied, we observed a notable re-bleeding rate of 19.4% (21/108) prior to aneurysm securement. 15 of them in patients who ended up having a poor prognosis (15/85; 17.6%); compared to 6 (6/23; 26%) of those who ultimately had a better functional prognosis (p = 0.54). There were no significant differences in the prognosis related to cardiovascular risk factors, such as arterial hypertension, diabetes, dyslipidemia, alcoholism, smoking, or antiplatelet or anticoagulant drugs (Table 1).

In total, 23 patients (23/108; 21%) had a good functional outcome at discharge (mRS: 0–3) and 35 (35/108; 32%) at 3 months (Figure 3). In all of them, the cause of the bleeding had been treated.
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FIGURE 3
 mRS, cumulative, at discharge and at 3 months of all patients included in the study (A) and only the treated patients (B).




3.4 Aneurysm treatment

Of the 108 patients included in this study, 86 (86/108; 80%) received aneurysm exclusion treatment. 72% (62/86) were treated endovascularly, 17% (15/86) with open surgery, and 10% (9/86) with combined treatment (Figure 2). There were no differences in mortality between the different treatment groups (p = 0.08).

Thirty of the treated patients (30/86; 35%) ultimately died. Of these, 26 received endovascular treatment (26/30; 51%), 2 open surgical treatment (2/30; 4%), and 2 combined treatment (2/30; 4%). No significant differences were observed in the type of treatment and functional outcome at discharge (p = 0.755) or at 3 months (p = 0.5).

The overall mortality of patients who underwent aneurysm exclusion treatment was 35% (30/86) versus 100% (22/22) of those who did not undergo treatment (p < 0.001) (Table 3).



TABLE 3 Clinical and radiological features of the treated patients.
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3.5 Multimodal monitoring

Following the change in our institutional protocol, multimodal monitoring (ICP + PtiO2 + cerebral MD) was performed in 20 (20/108; 18%) patients. The combination of ICP + PtiO2 was used in 6 (6/108, 6%), while isolated ICP monitoring was performed in 60 patients (60/108, 56%). The functional outcome at the discharge of those patients in whom multimodal monitoring was performed was favorable in a greater proportion than in those in whom it was not performed: 9/20 (45%) vs. 14/88 (16%) (p = 0.004).



3.6 Vasospasm, cerebral infarcts and DCI

Angiographic vasospasm was found in 34 patients (34/108; 31%) and was significantly associated with poor outcomes at discharge (p = 0.016) and at 3 months (p = 0.002). Furthermore, this was present more frequently in patients who suffered DCI (15/21; 71%) (p < 0.001), but not in those who had a cerebral infarct (20/52; 38%) (p = 0.132).

Cerebral infarcts were identified in 52 individuals (52/108; 48%). There was no statistically significant association when examining functional outcomes categorized as good (mRS 0–3) versus poor (mRS 4–6), both at discharge (p = 0.230) and at three-month follow-up (p = 0.084). DCI was diagnosed in 24 patients (22%). Similarly, no significant differences were noted in functional prognosis at discharge (p = 0.615) or after 3 months (p = 0.545). However, DCI showed a strong correlation with the presence of new cerebral infarcts, which occurred in 21 out of the 24 patients with DCI (90%; p < 0.001).




4 Discussion

In our cohort of poor grade aSAH (WFN 4–5), around 80% of patients had poor neurological outcomes at hospital discharge, and this was associated with older age, lower level of consciousness at admission and the development of DCI. In addition, 59% of patients aged 75 and older had limitations on therapeutic efforts, leading to a 100% mortality rate in that subgroup. In our cohort, patients who achieved a favorable outcome had an average age of 55 years, while those with a poor outcome had an average age of 61 years. Notably, patients undergoing multimodal monitoring had better functional outcomes at discharge.


4.1 Demographic and clinical characteristics

The percentage of patients admitted to hospitals with severe aSAH (WFNS 4–5) is approximately 20–30% of all aSAH cases, with a higher prevalence in women (around 60%). Smoking and cardiovascular risk factors, such as high blood pressure, are common among patients with this condition. These factors have been shown to be associated with a higher risk of developing cerebral aneurysms, as well as an increased risk of aneurysm rupture. However, it remains unclear whether they worsen the prognosis of patients whose clinical condition is initially poor after bleeding (22–24).

In our cohort, the distribution of aneurysm locations was similar to that described in the literature, with a predominance of ACom and MCA, followed by PCom aneurysms and, finally, those located in the vertebrobasilar system (2).

The overall mortality rate for patients with WFNS 4–5 in our cohort was approximately 50% following hospital admission, also consistent with findings from other studies (25, 26).



4.2 Age and limitation of therapeutic effort

In our cohort, younger age was shown to be a factor associated with prognosis. Conversely, when we analyzed age in relation to treated and untreated patients, this difference disappeared.

Interestingly, when we analyzed the prognostic effect of age in treated and untreated patients separately, this difference disappeared. This may be due to the role that age plays in critical patients regarding the decision to perform invasive procedures (such as clipping or embolization). As we observed, LTE was significantly more common among older individuals. In our study, LTE was implemented in 50% of patients over the age of 75, compared to only 8% in those younger than 75. This finding aligns with previous research by Lillemoe et al., who also noted a correlation between LTE and older age (27). In this line, Zahuarenc et al. indicated that LTE is an independent factor affecting mortality after a cerebral hemorrhage (28).

Moreover, no other disease-related factor seemed to influence the decision to implement LTE to such an extent as age; neither the location of the aneurysm nor did the presence of an intraparenchymal hematoma appeared to be a determining factors.

In our study, 17 out of 52 patients (32.7%) received treatment with LTE. Notably, this indicates that nearly one-third of the patients who died did not receive any therapeutic intervention. When comparing outcomes between treated and untreated patients, we observed a mortality rate of 77.3% (17 out of 22) among those who did not receive LET, while there were no deaths attributed to LTE among the patients who had been treated. This disparity may reflect a prevailing therapeutic nihilism in the management of patients presenting in such critical clinical conditions, particularly among older individuals. We consider it likely that more aggressive management from the outset, avoiding LTE, although everything indicates that we will not be able to change the patient’s prognosis, will increase the number of non-fatal cases, as well as the percentage of patients with a good functional prognosis.



4.3 Initial clinical status and functional prognosis

Patients with poor initial clinical status following aSAHs (WFNS grades 4–5) have significantly high morbidity and mortality rates, with estimates that up to 50% may not survive by the time they reach healthcare facilities (25, 26). Yet the percentage of these patients who survive with a good functional outcome has been increasing in recent years, reaching up to 30% (13, 16).

In our cohort, 20% of patients with poor clinical status at hospital admission had a good functional prognosis at discharge (23/108) and 32% at 3 months follow-up (35/108). According to several authors, early aneurysm treatment and neurocritical management of these patients could improve the functional outcome in a limited subgroup of patients with poor initial clinical conditions (17, 25, 29, 30). Despite that, it is difficult to initially select those patients who will have a good clinical evolution.

Regarding the initial WFNS score, there seems to be a tendency for patients with WFNS 4 to have a better functional prognosis at 3 months than those who present with WFNS 5. This former group might benefit more significantly from intensive measures. In our analysis the difference is not significant; however, Rabee et al. (31) propose subclassifying patients with WFNS 5 based on whether or not there is brain stem involvement, to improve the specificity.

Hydrocephalus as an initial clinical condition is an important factor in the prognosis of aSAH (32). The fact that we do not find this correlation in patients with an initial WFNS grade of 4 or 5 is probably due to the fact that the poor prognosis is already determined by the severity of the initial damage.

Both hydrocephalus and re-bleeding are initial clinical factors that influence the prognosis of subarachnoid hemorrhage (SAH); in our study, we did not find differences correlating re-bleeding with poor functional outcomes in this cohort of patients with poor initial grade. These results could be explained by the insufficient number of patients to identify significant differences.



4.4 Aneurysm treatment

Our results suggest that the aneurysm exclusion treatment improves the prognosis of patients with severe aSAH, regardless of the type of treatment. In our study, all patients who did not receive exclusion treatment ultimately died. It is important to acknowledge that this finding may be influenced by patient selection bias; specifically, those chosen for treatment tended to have a more favorable initial clinical profile regarding factors such as age and comorbidities.

The type of aneurysm treatment does not seem to significantly influence the clinical evolution of patients with aSAH. Although endovascular treatment could increase the risk of rebleeding, it is not very relevant in most studies (33–35). When we make this comparison in patients in poor initial clinical condition, this trend is maintained in both groups.

It has been observed that there is improved management of intracranial pressure and consequently a better prognosis following the performance of a craniotomy for hematoma evacuation and aneurysm clipping (36, 37). The presence of hematoma in our patients showed a trend toward poorer functional outcomes at discharge (p = 0.057); however, this trend did not persist at the three-month follow-up.



4.5 Multimodal monitoring

The use of multimodal monitoring is not a widespread practice in aSAH, probably due to the difficulties involved in its systematic placement and the correct interpretation of the different techniques, requiring close and coordinated collaboration between neurosurgery, neurology, anesthesia, intensive care unit and nursing services. In our experience, it has proven to be a useful and safe tool when managing these patients in the intensive care unit (17). In the case of a neurocritical patient requiring intensive and continuous treatment, having information that allows early detection of complications and their optimization, such as DCI, late infarctions or intracranial hypertension, is crucial and can make a significant difference (7, 13, 15, 38). In our study, we observed that patients undergoing multimodal monitoring had a better functional prognosis at discharge (p = 0.002) and at 3 months (p = 0.038). Although this is true, there could be a selection bias, since the placement of the monitoring was not immediate, so no patient with a poor prognosis in the first 24 h was selected for it. In addition, the fact of having the monitoring implanted favors more exhaustive clinical attention, which, added to the fact of having very precise information about the cerebral metabolic state almost in real time, could result in this prognostic improvement.



4.6 Vasospasm, cerebral infarction and DCI

The attention given to secondary brain injury (SBI) in the form of DCI or cerebral infarcts has increased in recent years. The appearance of DCI in a rather high percentage of aSAH patients and its prognostic implications highlight the need for early identification to offer immediate and optimized treatment that prevents irreparable ischemic damage or minimizes its consequences (39–41).

One of the objectives of our study was to describe how these phenomena behave in a patient who is admitted to a poor initial clinical condition. We correlated the appearance of infarcts with the increase in mRS 1–6 (p = 0.026); as well as with the presence of DCI. However, we did not find a direct correlation between the presence of infarcts and poor functional outcomes (mRS > 3). This may be attributed to the fact that the initial damage caused by bleeding in patients with WFNS 4–5 is significant enough to have a major impact on prognosis. Additionally, we observed a high incidence of new infarcts (48%), many in non-eloquent brain areas.

The lack of correlation between DCI and functional prognosis can be justified by the limitations of the definition of DCI itself. To determine DCI, it is essential to demonstrate neurological deterioration. However, for many patients who are sedated and intubated, this deterioration cannot be assessed effectively.

We observed a statistically significant correlation concerning the occurrence of aVE, as assessed through angiography, CT angiography, or transcranial Doppler ultrasound. It is important to note that these diagnostic modalities are not solely employed based on the deterioration of the patient’s neurological condition but also in response to various clinical changes or intensive monitoring requirements. Consequently, it is likely that a comprehensive neuromonitoring strategy, aimed at detecting aVE, may provide enhanced management insights and prognostic information compared to the mere observation of delayed ischemia in patients presenting with an initial poor clinical condition.

Follow-up data were collected up to 3 months after discharge, with better functional results at 3 months. In recent years, several studies have shown that patients with aSAH with a poor initial clinical condition can improve up to 1 year after hospital discharge (16, 42, 43).




5 Conclusion

The prognosis of patients with aSAH and poor clinical condition on admission is generally unfavorable. Invasive monitoring and tailored treatment appear to be beneficial in achieving favorable results in these patients. Despite the initial severity, up to 20% of patients achieve a good functional result on discharge and up to 35% do so at 3 months. These should be considered in the initial prognostic assessment with the families of these patients.


5.1 Limitations

This study presents several limitations that should be considered when interpreting its findings.

A primary limitation is the severity of the patients included in the study, which complicates the establishment of clinical correlations with the various variables examined.

From a methodological perspective, notable variations occurred in the management of aneurysm treatment throughout the study period. In the early years, endovascular approaches were predominantly used; however, there was a marked increase in the frequency of surgical interventions during the latter half of the study. This shift may reflect both changes in the treating team’s composition and the evolution of medical criteria over time.

Lastly, the sample size of patients receiving comprehensive multimodal monitoring is relatively small, highlighting the need for larger studies to obtain more robust data.
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