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Background: Conservative therapy for chronic subdural hematoma (cSDH) is an option for patients who express no, or only mild symptoms, thereby preventing surgery in some. Because it is not clear for whom conservative therapy is successful, we aimed to estimate the success rate of conservative therapy and to identify which factors might influence success.

Methods: We systematically searched MEDLINE and EMBASE databases to identify all available publications reporting outcome of conservative therapy for cSDH patients. Studies containing >10 patients were included. The primary outcome was the success rate of conservative therapy, defined as “no crossover to surgery” during follow-up. In addition, factors possibly associated with success of conservative therapy were explored. Bias assessment was performed with the Newcastle Ottowa Scale and the Cochrane risk-of-bias tool. We calculated pooled incidence and mean estimates, along with their 95% confidence intervals (CIs), using OpenMeta[Analyst] software.

Results: The search yielded 1,570 articles, of which 11 were included in this study, describing 1,019 conservatively treated patients. The pooled success rate of conservative therapy was 66% (95% CI: 50–82%). One study (n = 98) reported smaller hematoma volume to be associated with success, whilst another study (n = 53) reported low hematoma density and absence of paresis at diagnosis to be associated with success.

Conclusion: Conservative therapy is reported to be successful in the majority of cSDH patients who have either no, or only mild symptoms. Hematoma volume, low hematoma density and absence of paresis could be factors associated with success. However, further research is warranted in order to establish factors consistently associated with a successful conservative therapy.

Other: No funding was acquired for this study. The study was not registered nor was a study protocol prepared.
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Introduction

Chronic subdural hematoma (cSDH) is a frequently occurring disease mainly affecting elderly patients. Risk factors are brain atrophy, anticoagulation or antiplatelet therapy, male gender and (minor) head trauma (1, 2). The incidence of cSDH is projected to triple by 2040, making its occurrence in daily neurological and neurosurgical practice even more common (3, 4).

There is no consensus concerning the optimal treatment strategy. For patients with severe symptoms (e.g., depressed level of consciousness, hemiparesis, Intractable headache), surgical therapy is the mainstay of treatment. The most frequently used surgical modality is burr hole craniostomy with subdural or subgaleal drainage and in a minority of cases (15%), a craniotomy or twist-drill craniostomy is performed (5). Surgical evacuation is not without disadvantages as it exposes these, often elderly and frail, patients to concomitant risk of complications such as post-operative intracranial haemorrhage, pneumocephaly, seizures, delirium and pneumonia (up to 15%) (6–8). Hematoma recurrence is another well-known complication that arises in the weeks following surgery in approximately 13% of patients (9–11).

Patients who experience relatively mild, or no symptoms, or who are unfit for surgery, can be treated conservatively (wait-and-watch) (12). The frequency of non-surgical therapy as primary treatment has been rising over the last 30 years, but despite this rising frequency, studies regarding the efficacy and outcome are limited (13). Therefore, vital elements such as success rate (i.e., the ability to avoid surgery with good clinical outcome) and factors associated with success have not yet been established.

The absence of clarity results in uncertain and unsubstantiated decisions regarding optimal treatment and follow-up strategy, leading to considerable practice variation (14–16). In order to elucidate these gaps, we reviewed the literature. The primary aim of this study is to (1) determine the reported success rate of conservative therapy and (2) identify factors possibly associated with success.



Methods


Search strategy

For this systematic review, we followed the guidelines stated by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist. We searched MEDLINE and EMBASE databases with the following terms: “chronic subdural hematoma,” “chronic subdural hygroma,”, “conservative treatment,” “non-surgical,” and “observative and observational treatment.” For the detailed search strategy, see Supplement 1. The search was last executed on May 30th, 2023. No other data filters were applied.



Study selection

Two independent reviewers (MF and HVB) first individually screened the titles and abstracts and subsequently full-text for eligibility. Studies were included if (1) they contained patients diagnosed with a cSDH; (2) age was >18 years old; (3) initial treatment strategy was conservative. Conservative therapy was defined as: “wait-and-scan” or “wait-and-watch.” Studies were also included if only a subgroup received conservative therapy and data of this group could be reliably extracted. For example, if a subgroup received placebo or no treatment (in placebo controlled drug studies or observational studies). Studies were excluded if (1) initial treatment consisted of surgery, middle meningeal artery embolization, medication, epidural blood patch or abstinent therapy; (2) studies contained less than 10 patients; (3) no distinct data of the conservative group could be distilled (also if the success percentage of the conservative group could not be determined due to a missing denominator); (4) wrong publication type (letter to editors, editorials or studies with repeated study population); (5) the language was other than English; (6) it was explicitly described that cSDH occurred after decompressive craniotomy or craniectomy; (7) the hematoma was located infratentorial or other than along the convexity (for supratentorial hematomas); (8) the full-text version was not available. A third adjudicator (DV) was consulted in the case of any discrepancies between the two initial reviewers regarding the in-or exclusion of studies.



Outcomes

The primary outcome was success of conservative treatment. Conservative therapy was deemed successful if surgical evacuation for the cSDH was not required during follow-up. Other outcomes included factors associated with success of conservative therapy, mortality, Glasgow Outcome Scale (GOS) score, time until complete hematoma resolution in the success group (confirmed by CT-scan), and time to, and criteria for, crossover to surgery.



Data collection

Two reviewers (MF and HVB) independently collected the variables of interest. Extracted data items included: article information (title, author, year of publication, study design), study in-and exclusion criteria, the total number of patients treated conservatively, criteria for crossover to surgery, clinical characteristics [age, sex, head trauma, use and possible cessation of anticoagulation or antiplatelet therapy, Glasgow Coma Scale (GCS) or Markwalder Grading Scale (MGS)], radiological parameters (hematoma laterality, presence and amount of midline shift, hematoma thickness and volume), GOS, mortality, follow-up time, percentage of successfully treated patients, time from diagnosis of the cSDH to crossover to surgery and time until complete hematoma resolution as confirmed by CT imaging.



Risk of bias assessment

Two authors (HVB and DV) independently assessed the methodological quality of the included articles using the revised Cochrane “Risk of Bias” tool for Randomized Clinical Trials (RoB 2.0) and the Newcastle-Ottawa Scale (NOS) for observational studies (17, 18). Any discrepancies were discussed until consensus was reached. The RoB 2.0 assesses bias based on five domains: (1) Randomization process; (2) Deviation from intended interventions; (3) Missing outcome data; (4) Measurement of the outcome; (5) Selection of the reported result. Each study is assigned “low concerns of bias” or “some concerns of bias” per domain. The overall bias grade is based on the scores per domain conform RoB 2.0 criteria (19). The NOS can assign up to nine points across three domains for studies with minimum risk of bias. The domains are as follows: (1) Selection of study groups (maximum of four points); (2) Comparability of groups (maximum of two points); (3) Ascertainment of exposure and outcomes (maximum of three points). However, in the case of some studies—particularly those focusing only on chronic subdural hematoma and not on other types of SDH—an unexposed cohort (i.e., a group without the condition) simply could not exist. For these studies, a maximum of three points could be awarded in the first domain, as it was not possible to include a non-exposed cohort. This adjustment resulted in a maximum overall score of eight, rather than nine, for these studies. We converted the NOS ratings to Agency for Healthcare Research and Quality (AHRQ) terms—poor, fair, good—in line with standard conventions. For studies that could obtain nine points “good quality” was awarded if they had three or four points in the first domain, one or two points in the second domain and two or three points in the third domain. For studies that could obtain eight points “good quality” was awarded if they had two or three points in the first domain, one or two points in the second domain and two or three points in the third domain.



Statistical analysis

For continuous variables, means and 95% confidence intervals (CI) were calculated for all patients treated with conservative therapy. For dichotomous outcomes, a pooled estimate with 95% CI was calculated. All statistical analyses were performed using OpenMeta[Analyst] (CEBM, Brown University, 2012) (20).




Results


Search

The initial search yielded 1,570 studies. After removing duplicates and screening the title and abstract 329 full-text articles were assessed for eligibility. Upon reviewing the full-text articles, a total of 11 studies were included (Figure 1) (21).
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FIGURE 1
 PRISMA flow diagram of study selection process (21). DC, decompressive craniectomy.




Study characteristics

Of the 11 included studies, six were retrospective cohort studies, two prospective cohort studies, one a pilot RCT, one a RCT and one a post-hoc analysis of a previous RCT. The date of publication ranged from 1974 to 2022. Two cohort studies provided a direct comparison between patients treated successfully with conservative therapy and patients for whom conservative therapy had failed (22, 23). In the pilot RCT the effect of dexamethasone was compared to placebo and in the RCT the effect of etizolam was compared to no treatment (24, 25). The study of Wang et al. (22), was a post-hoc analysis of an RCT in which the effect of atorvastatin vs. placebo was investigated (22, 26). The mean follow-up duration of all studies was 4.6 months. See Table 1 for study characteristics.



TABLE 1 Included studies, study characteristics and outcomes.
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Risk of bias assessment

The AHRQ quality was “poor” in seven of the nine included cohort studies. The quality was “good” in the studies by Hirashima et al. (25) and by Rauhala et al. (13). The risk of bias per domain, as assessed by the NOS, is summarized for each study in Table 2. Among the two randomized studies, one had a low risk of bias, while the other raised some concerns (Figure 2).



TABLE 2 Risk of bias and quality assessment for observational studies with NOS-scale.
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FIGURE 2
 Risk of bias and quality assessment of randomized studies with the Risk of Bias 2.0.




Patient characteristics

All studies contained a total of 1,019 patients treated with conservative therapy. The mean age was 66.8 years (95% CI: 64.5–69.2, n = 71,) and the population was predominantly male (82%, 95% CI: 70.9–90.6%, n = 191) (Table 3). The Glasgow Coma Scale was reported for 369 patients, of which 353 had scores between 14-15 (95.7%) (23, 28, 30, 32). The Markwalder Grading Scale was reported for 196 patients, with 136 scoring between 0 and 2 (69.4%) (22–24, 27, 28). The mean midline shift was 4.6 millimeters (95% CI: 2.0–9.8 millimeters) in 124 patients and the mean hematoma thickness was 15.9 millimeters (95% CI: 13.7–18.0) in 124 patients (22–24). In 114 patients, hematoma volume was reported and had a mean of 55.2 milliliters (95% CI: 38.8–72.4 milliliters) (22, 23).



TABLE 3 Demographical, clinical and radiological characteristics of patients per study.
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Outcomes

The success rate of conservative therapy was 66.0% (95% CI: 49.2–82.3%), ranging from 6.9–100% (Table 1). Factors associated with crossover to surgery were evaluated in three studies (Table 4) (22, 23, 25). Larger hematoma volume was a predictor of crossover to surgery in one study (OR 1.019, 95% CI: 1.002–1.037) (22). In another study, hematoma volume was lower in the success group, albeit not significant (43.2 milliliters vs. 62 milliliters, p = 0.146) (23). In one study, paresis at diagnosis was associated with crossover to surgery (OR 6.35, 95% CI: 1.04–38.7) and low hematoma density was negatively associated with crossover to surgery (OR: 0.125, 95% CI: 0.01–0.85) (25). Criteria for crossover to surgery were provided in eight studies. The mean period between diagnosis and crossover to surgery was 25 days (n = 79) (13, 22, 23). Time until complete resolution of the cSDH was reported in three studies and with a mean of 14.7 weeks (n = 46) (23, 24, 30). Mortality was (95% CI: 0.0–2.0%) in 150 cases (22–24, 30). The GOS was reported for 116 patients, of whom 77 had a good recovery (66.4%, GOS 5), 19 had a moderate disability (16.4%, GOS 4) and 20 patients had a severe disability (17.2%, GOS 3) at the end of follow-up (22, 23, 28).



TABLE 4 Indications for conservative therapy, antithrombotic strategy and indications for crossover to surgery.
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Discussion

This systematic literature review shows that the mean success rate of conservative treatment for cSDH patients with no, or only mild symptoms is reported to be 66%. Hematoma volume, low hematoma density and absence of paresis at diagnosis could be factors associated with success of conservative therapy.

This study demonstrates that the success rate of a wait-and-scan, or a wait-and-watch, strategy can be quite high in a selected group of patients with cSDH. Although success is primarily defined as “no need for surgery,” true success should of course be defined as good clinical outcome. However, specific and reliable data are usually lacking. Nevertheless, the range of successful conservative strategy varied greatly in all studies. This could largely be attributed to study heterogeneity regarding indication for conservative therapy and applied in-and exclusion criteria. Studies including patients with larger hematomas reported a higher crossover rate, whereas studies with smaller hematomas tended to report a lower crossover rate (31, 32).

Interestingly, conservative therapy can also be successful in patients with noteworthy clinical expression of their cSDH (e.g., patients with a Markwalder score of 1 or 2). This raises the question of whether it would be justified, and potentially beneficial, to postpone and withhold surgery in more patients than currently is being practiced in standard care. If so, an unnecessary number of patients could well be exposed to anesthetic and surgical risks by not considering conservative therapy more often. Vice versa, evaluating the success rate of conservative therapy in asymptomatic patients (e.g., patients with a Markwalder score of 0) would also be interesting as the success rate is potentially higher for these patients than found in this study. In a recent study by Parry et al. (33) the crossover to surgery rate was determined in a highly pre-selected asymptomatic cohort of 106 cSDH patients (all Markwalder score 0) receiving conservative therapy. Only one patient (0.9%) required neurosurgical intervention within three months after diagnosis. In our study we could not determine success rate stratified per Markwalder scale, as it was not reported in such detail. More prospective research is required to provide insight into this matter.

In our study we also assessed potential factors associated with success of conservative therapy. Yet, there was a lack of consistency, as none of the described factors were associated with success across multiple studies. In fact, hematoma volume was associated with success in the study by Wang et al. (22), but not in the study of Kim et al. (23). Hence, factors associated with success have to be investigated more thoroughly before they can aid clinical decision making in the future. Nowadays, physicians are still unable to identify which hematomas will resolve spontaneously and which will progress to become symptomatic. This implies that every patient is to be followed with similar caution since it is not possible to distinguish potential surgical candidates from patients who are not.

An important limitation of this review is the risk of selection bias in the included studies. Most studies were retrospective and all included patients were presented to a neurological or neurosurgical department. Thus, some asymptomatic patients (those not seeking medical attention) are missed. This arguably resulted in an underestimation of the true success rate. Also, the indication for crossover to surgery differed between most studies and was rather subjective and inevitable since specific criteria for crossover are not available. This certainly influenced the primary outcome of this study. Although to what extent this resulted in over-or underestimation of the crossover rate is not clear, since preference of the attending physicians regarding treatment strategy was not objectified. Finally, the lack of data for other aspects of conservative therapy, especially data concerning clinical outcome, precluded assessing the overall effect of conservative therapy. Therefore, no definite conclusions about clinical outcome or indication of conservative therapy can be drawn.

In order to provide more high-quality evidence regarding the effect of conservative therapy for cSDH patients additional research is required. Ideally, such future studies are prospective and multicenter, and a joint venture of neurological and neurosurgical departments due to the nature of this disease and its treatment paradigm. Furthermore, rigorous data regarding clinical outcome are to be incorporated in future studies. With regard to outcomes of conservative therapy of future studies we recommend using the results of the Delphi-survey of the CODE-CSDH project when available (34). This consortium aims to establish core outcomes for cSDH, thereby preventing heterogeneity in this field of research (35).



Conclusion

Success of a wait-and-scan, or a wait-and-watch, strategy is reported to be quite high in the majority of a selected group of patients with cSDH. We could not establish any consistent factors that influence success of conservative therapy. Due to the high risk of selection bias in existing literature, the absence of high-quality methodological studies and the scarcity of available data, further research regarding outcome of conservative therapy is necessary to establish its definite place and value in cSDH treatment.
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Asanetal. (29) NA NA NA NA NA Na NA NA NA NA NA
Hou etal. (30) 644(96) 19(73.1) 26(100) 0(0) 15 NA 17 (65.4) NA <5mm Na NA
Banetal. (31) NA NA NA NA NA NA NA 67(100) >10mm NA NA
Rauhala etal. (13) NA NA NA NA Na NA NA NA NA NA NA
Petralia et al. (32) NA NA NA NA 1415 Na NA NA <3mm NA NA
Wangetal. (22) 67(26-89) 88 (89.8) NA NA NA 0-2 61(622) NA 27(5) 15.3(54) 638(339)
Total n (%) 7 157/191(78.0)  71/81(95.5) 17/64 (26.6) 118/181(65.7) | 79/83(952) 124 124 114

Pooled estimate (CI)" 66.8(64.5-69.2) | 820 (70.9-906) | 87.7(76.6-99.6) = 36.1(1.6-707) 718(545-89.0) | 895 (66.2-100)

159 (137-180) | 55.2(38.0-724)

NA, not available; AC, anticoagulant; AP, antiplatelet; GCS, Glasgow Coma Scale; MGS, Markwalder Grading scale; mm, millimeter; ml, millliter."For dichotomous and continuous variables a 95% confidence interval was calculated.
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Bender etal. (27) NA NA NA NA NA
Harishimaetal. 25) | If patient could walk and eat without help  Massive hematoma, impeding sign of brain herniation, NA Increase in hematoma size and aggravation | Low density hematoma*,
severe headache, vomiting, paresis or complications of symptoms paresis at diagnosis**

(cardiopulmonary, hepato-renal or metabolic)

Prudhomme etal. (24) | MGS0-2 Cranial surgery in last year, if AC therapy could not NA Sudden increase in hematoma volume, NA
be stopped for 6months midline shift >10mm, deterioration of level

of consciousness.

Kim etal. (23) Hematoma that exerts mass effect, mild ~ GCS<8 NA Newly or progressive neurological deficits  No significant factors found
symptoms
Chanetal. (25) MGS0-2,GCS 14-15 No immediate surgery indication, cSDH secondary to Stopped during period  Any worsening of symptoms, GCS NA

underlying hematological disorder or malignancy of conservative therapy  decrease, new focal neurological deficts or

radiological hematoma progression

Asan etal. (29) NA NA NA NA NA

Hou etal. (30) Head trauma in 3months prior to S, Coagulopathy or AC/AP use, predisposing diseases to cSDH | Patients with AP/AC  Enlargement of cSDH, progressive NA
‘midline shift >10mm, GCS 15, no use excluded from study | aggravation of the neurologic deficit and
evidence of intracranial hypertension signs of intracranial hypertension

Banetal. (31) >20years old, asymptomatic CSDH due to underlying condition, shift <10mm or no NA Occurrence of symptoms and/or increase  NA

mass effect in hematoma thickness
Rauhala et al. (13) No significant neurological symptoms NA Discontinued at Increase in ¢SDH size NA
diagnosis

Petralia etal. (32) GCS 14-15, shift <3mm No other intracranial bleeds (<20cm’) NA NA NA

Wang et al. (22) No risk of cerebral herniation, MGS/ Antiplatelet medication Excluded patients with  Neurologic function deterioration, Hematoma volume*
Ges<3 AP, no comment on radiological hematoma progression

patients with AC or>1cm shift

The most notable in-and exclusi

eriteria per study are provided. * Associated with crossover to surgery;**Negatively associated with crossover to surgery. AC, anti

agulant therapy; AP, antiplatelet therapy.
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Bender etal. (27) R 60 48(30) NA NA NA 30months NA
Hirashima et al. (25) RCT B 2(69) NA NA NA 6months NA
Prudhomme etal. (1) PilotRCT 10 7(70) NA 2 weeks 00 6months N
Kim etal. (23) R 16 13(813) 39days 17weeks (4- 0 Until nearly complete 5(100)
96 weeks) hematoma resolution
Chan etal. (28) R 12 5(41.7) NA NA NA 6months 5(17)
4(83)
Asan etal. (29) R 163 133 (85.6) NA NA NA 23days NA
Hou etal. (30) P 2 26(100) NA 10weeks 0(0) 73days N
Banetal. (31) P 67 11(16.4%) NA NA NA 6months NA
Rauhala etal. (13) R 23 170(76.2) 24days NA NA Minimally 24 months NA

or until death

Petralia etal. (32) R 315 293 (93.0) NA NA NA Imonth NA
Wangetal. (22) Posthoc 98 75 (76.5) 25days NA 0 6months 5(67)
RCT 4(10)
analysis 33
Total n* 1019 | 783/1,019 (768%) | 25days(n=79) | 147weeks (1=49)  0/150(0.0%) | 4.6months (n =780) 5(66)
4(16)
3(17)

Pooled estimate (95% CI) 66.0% (49.7-82.3) 00(00-20)

R, retrospective cohortstudy; P, rospective cohort study; RCT, randomized controlled trial; NA, not avalabl; CI, confidence interval. * Averages were calculated were possible. For the
outcomes time tll rossover, time till complete resolution and follow-up no 95% CI could be calculated since measures of ispersion were not provided. “The GOS was determined § weeks
afer diagnosis in 88 patients.
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