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Background: Severe traumatic brain injury (sTBI) often results in malignant intracranial hypertension, requiring decompressive craniectomy (DC). Although guidelines emphasize adequate decompression, craniectomy size is often individualized in practice. Secondary DC may be necessary when initial decompression is insufficient. This study investigated the risk factors and outcomes associated with secondary DC in sTBI patients.

Methods: We conducted a retrospective cohort study of 101 sTBI patients who underwent DC between 2021 and 2023. Patients were divided into two groups: those receiving only primary DC (N = 85) and those requiring secondary DC (N = 16). Logistic regression identified predictors of secondary DC, while inverse probability of treatment weighting (IPTW) was applied to adjust for confounders.

Results: Of the 101 patients who underwent DC, 85 received primary DC alone, while 16 required secondary DC. Patients in the secondary DC group had lower admission GCS scores (6.06 ± 2.95 vs. 7.88 ± 3.48, p = 0.038), higher preoperative ICP (45.4 ± 18.5 mmHg vs. 30.3 ± 16.2 mmHg, p = 0.007), and smaller initial craniectomy areas (110 ± 31.5 cm2 vs. 133 ± 51.4 cm2, p = 0.024). Multivariable regression identified preoperative ICP (OR 1.06, 95% CI 1.00–1.11, p = 0.038) and craniectomy area (OR 0.98, 95% CI 0.96–1.00, p = 0.037) as independent predictors of secondary DC. IPTW-adjusted analyses showed no significant differences in functional outcomes or complication rates.

Conclusion: Secondary DC may serve as an effective salvage intervention in sTBI patients with refractory intracranial hypertension following primary DC. Although these patients present with more severe initial conditions, secondary DC did not increase the risk of complications or lead to poorer outcomes. Ensuring adequate decompression during the initial surgery may help reduce the need for secondary intervention.
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Introduction

Traumatic brain injury (TBI) is a pressing global public health and socioeconomic concern, affecting approximately 70 million individuals annually (1, 2). While the majority of TBI cases are classified as mild, about 20% involve severe injuries (1, 3, 4). Severe TBI (sTBI) is distinguished by extensive intracranial damage, significant disruption of neurological function, and a high mortality rate, ranging between 7 and 39% (3, 5, 6).

The management of sTBI is a formidable challenge in neurocritical care, necessitating prompt stabilization of hemodynamic and ventilatory parameters, continuous intracranial pressure (ICP) monitoring, and a systematic, tier-based therapeutic approach to mitigate intracranial hypertension and prevent secondary brain injury (7). Elevated ICP is a central therapeutic focus in sTBI management, as unchecked pressure increases within the rigid cranial vault can lead to the reduction of cerebral perfusion pressure, where sustained malignant intracranial hypertension can result in cerebral ischemia, brain herniation, and potentially death (8).

Despite ongoing controversy, decompressive craniectomy (DC) remains a pivotal surgical intervention in sTBI, demonstrating clear benefits in reducing intracranial pressure, preventing brain herniation, and improving survival in selected patients (9, 10). By removing a portion of the skull, DC creates space for the swollen brain to expand, alleviating the pressure within the rigid cranial vault and reducing the risk of secondary complications (11, 12). Although standard recommendations exist regarding the extent of decompression, the size of the initial craniectomy is often individualized in clinical practice, based on patient-specific anatomy, intraoperative findings, and surgeon judgment. However, in some cases, initial DC may fail to achieve sufficient ICP control, leading to ongoing intracranial hypertension, brain herniation, and potentially irreversible neurological damage (13). These scenarios pose major therapeutic challenges, as conventional medical measures—including osmotic agents (e.g., mannitol), sedation and analgesia, controlled hyperventilation, and mild hypothermia—are often insufficient to reverse the effects of sustained ICP elevation. If unrelieved, elevated ICP can compromise cerebral perfusion, result in ischemia, and markedly increase the risk of fatal brain herniation (14).

To bridge this therapeutic gap, secondary decompressive craniectomy (secondary DC) has been employed as a salvage intervention in patients with refractory intracranial hypertension after initial surgery, which creates additional space within the rigid cranial vault to accommodate brain swelling and prevent secondary complications. By enlarging the craniectomy area, this approach enhances the effectiveness of ICP reduction, ultimately improving cerebral perfusion and reducing the likelihood of adverse outcomes. Despite its theoretical advantages, the efficacy and safety of secondary DC remains uncertain, and the procedure is not without significant risks. The expanded surgical scope introduces greater technical challenges, which may increase the likelihood of complications such as infection, cerebrospinal fluid leaks, or long-term neurological sequelae. Here, this study aims to explore the clinical profiles and outcomes of patients undergoing secondary DC, providing valuable insights into its effectiveness and safety in the context of refractory ICP.



Methods


Data source and population

This retrospective cohort study was conducted at No. 940 Hospital of the PLA Joint Logistics Support Force, including data collected between Jan. 2021 and Dec. 2023. Patients aged 18–75 years, with initial acute closed severe TBI, defined by a GCS score of ≤8 or a coma duration of more than 12 h, and presenting with clear positive neurological signs and vital sign disturbances were eligible for inclusion, if they underwent DC. Patients were excluded if they were discharged without receiving treatment, died within 48 h of admission due to late-stage brain herniation without undergoing surgery, had a history of traumatic brain injury or cerebrovascular disease, or presented with severe comorbid organ dysfunction that impacted surgical decision-making. Those were also excluded if comprehensive medical records or radiological imaging (MRI or CT scans) were unavailable, ensuring the reliability of clinical and imaging data. The inclusion and exclusion criteria are summarized in a flowchart (Figure 1).
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FIGURE 1
 Flowchart of the study.


Data were collected through a retrospective chart review using a standardized data abstraction form. Key clinical and radiological variables were independently extracted from electronic medical records by two investigators. The extracted datasets were then compared for consistency, and any discrepancies or ambiguous entries were resolved through discussion and consensus; if necessary, a third senior investigator was consulted. This process was implemented to enhance data reliability and minimize errors inherent to retrospective reviews.

The study protocol was reviewed and approved by the Ethics Committee of the Hospital (20240401). Given the retrospective nature of the study, informed consent was waived in accordance with ethical standards. All procedures adhered to the principles of the Declaration of Helsinki, ensuring patient confidentiality and ethical research conduct.



Outcomes and candidate predictors

The primary outcome of this study was defined as the risk of requiring secondary DC, evaluated by analyzing demographic, and clinical factors that may contribute to the need for this intervention. Candidate predictor variables were identified through a comprehensive review of clinical and epidemiological literature. Age and gender (male and female) were included as key sociodemographic factors. Clinical variables encompassed a broad spectrum of characteristics associated with TBI severity and surgical management. These included: mechanism of injury (simple falls, vehicle accidents, and falls from height), GCS at baseline, Marshall CT classification at baseline (I to VI), ICP before and after primary DC, presence of brain herniation or systemic shock, and surgical and procedural variables such as airway reconstruction, hematoma evacuation, ICP monitoring, and drainage (all categorized as yes or no). Additionally, the timing and extent of primary DC (time to surgery and craniectomy area), as well as medical history (presence of hypertension, diabetes, and previous surgeries) were included. Laboratory tests conducted both before and after primary DC were also included in the analysis, encompassing prothrombin time (PT), activated partial thromboplastin time (APTT), thrombin time (TT), fibrinogen (FIB), D-dimer, and prothrombin activity (PTA). Hematological parameters comprised platelet count (PLT), hemoglobin (HB), red blood cell count (RBC), white blood cell count (WBC), and lymphocyte count (LYMPH), albumin (ALB), immunoglobulin (IG), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), and the platelet-to-lymphocyte ratio (PLR). These variables were selected because they are well-recognized predictors of mortality and poor outcome following severe TBI, as previously demonstrated in retrospective analyses of head-injured patients (15).

The secondary outcomes focused on the prognosis following secondary DC, encompassing GCS and the Glasgow Outcome Scale–Extended (GOSE) at discharge and 6 months post-surgery, which provided insights into neurological recovery and overall functional status. Additionally, secondary outcomes included the incidence of post-surgical complications, such as secondary seizures, infarction, infections, cognitive dysfunction, hydrocephalus, and cerebral infarction.



Surgical procedures

All decompressive craniectomies were performed by six attending neurosurgeons working in three fixed two-person teams who alternated emergency duty shifts. While a general institutional guideline for decompressive craniectomy was available, it did not mandate a fixed bone flap size. The final extent of decompression was determined intraoperatively based on the severity of brain swelling, radiological findings, and the surgical team’s judgment. A review of surgical records revealed no clear pattern suggesting that smaller craniectomy sizes or secondary decompressions were concentrated among specific surgeons or teams.

Of note, in this study, initial DC was defined as the first decompressive craniectomy performed for severe TBI. Secondary DC was defined as any subsequent decompression, including ipsilateral revision/extension or contralateral procedures.



Statistical analysis

Continuous data were analyzed using the independent t-test, while categorical variables were assessed using the chi-square test, continuity-corrected chi-square test, or Fisher’s exact test, as appropriate. Descriptive statistics for continuous variables were reported as mean (standard deviation [SD]) or median (interquartile range [IQR]), depending on data distribution, and categorical variables were expressed as frequencies and percentages.

Univariate and multivariate logistic regression analyses were conducted to identify risk factors associated with the requirement for extended decompressive craniectomy (secondary DC). Initially, candidate predictors were evaluated using univariate logistic regression, with predictors meeting a significance threshold of p < 0.1 selected for inclusion in the multivariate logistic regression model. Adjusted odds ratios (ORs), accounting for age and sex, were calculated to provide a robust estimation of the associated risk factors.

For the analysis of prognosis associated with secondary DC, to minimize confounding bias and balance baseline characteristics between groups, inverse probability of treatment weighting (IPTW) was applied (16). Predictors were first refined using stepwise multivariate logistic regression. The final logistic regression model was refitted using backward elimination guided by the Akaike information criterion (AIC) to derive the minimal adequate model for predicting the need for secondary DC (17). Based on the results of the logistic regression analysis, propensity scores were calculated to represent the probability of requiring secondary DC given the observed baseline characteristics. These propensity scores were then used to create a weighted pseudo-population with balanced covariates across groups. Baseline characteristics between groups were compared using both conventional statistical tests (t-test or chi-square test, as appropriate) and standardized mean differences (SMDs). p values were considered the primary criterion for assessing group comparability, with p < 0.05 indicating statistical significance. SMDs were reported in parallel as a descriptive measure of imbalance, with values <0.25 generally regarded as negligible.

All analyses were performed using R statistic software (version 4.3.1). Statistical significance was defined as a two-tailed p-values of less than 0.05, unless otherwise specified.




Results


Population characteristics

Between 2021 and 2023, a total of 101 patients underwent DC for severe TBI. Of these, 85 patients received only primary DC, while 16 required secondary DC. Baseline demographic and clinical characteristics are presented in Table 1. The mean age of the cohort was 51.84 years, with males comprising the majority (N = 66, 65.3%). Vehicle accidents were the predominant mechanism of injury, accounting for 73 cases (72.3%), followed by other causes. The mean GCS score at admission was 7.59 (SD 3.46) and radiological assessments revealed that most patients were classified as Marshall CT grades III (N = 35, 34.7%) and VI (N = 45, 44.6%). The average ICP measured 33.3 mmHg (SD 17.64) prior to primary DC, which reduced to 15.75 mmHg (SD 15.75) after the procedure. The mean DC area was approximately 129.50 cm2 (SD 49.40). Procedural interventions included airway reconstruction in 9 patients (8.9%), hematoma evacuation in 73 patients (72.3%), ICP monitoring in 62 patients (61.4%), and drainage in 4 patients (4.0%).


TABLE 1 Summary characteristics of patients with initial acute closed severe TBI at baseline.


	Variables (%/mean [SD])
	Overall
	Primary craniectomy
	Secondary craniectomy
	p-value

 

 	No. 	101 	85 (100) 	16 (100) 	–


 	Demographic information


 	Age 	51.84 (15.01) 	51.6 (15.9) 	53.3 (8.84) 	0.537


 	Gender 	 	 	 	0.98


 	Male 	66 (65.3) 	55 (64.7) 	11 (68.8) 	


 	Female 	35 (34.7) 	30 (35.3) 	5 (31.2) 	


 	Time to primary surgery 	34.26 (73.77) 	32.7 (58.4) 	42.6 (131) 	0.77


 	Clinical information


 	Reason 	 	 	 	0.664


 	Ground-level falls or simple falls 	11 (10.9) 	10 (11.8) 	1 (6.25) 	


 	Motor vehicle accidents 	73 (72.3) 	62 (72.9) 	11 (68.8) 	


 	Fall from a height 	17 (16.8) 	13 (15.3) 	4 (25.0) 	


 	Herniation 	 	 	 	0.385


 	No 	82 (71.3) 	62 (72.9) 	10 (62.5) 	


 	Yes 	29 (28.7) 	23 (27.1) 	6 (37.5) 	


 	Shock 	 	 	 	0.241


 	No 	95 (94.1) 	81 (95.3) 	14 (87.5) 	


 	Yes 	6 (5.9) 	4 (4.71) 	2 (12.5) 	


 	Marshall CT 	 	 	 	0.062


 	I 	0 (0.0) 	0 (0.0) 	0 (0.0) 	


 	II 	15 (14.9) 	14 (16.5) 	1 (6.25) 	


 	III 	35 (34.7) 	32 (37.6) 	3 (18.8) 	


 	IV 	3 (3.0) 	3 (3.53) 	0 (0.00) 	


 	V 	3 (3.0) 	1 (1.18) 	2 (12.5) 	


 	VI 	45 (44.6) 	35 (41.2) 	10 (62.5) 	


 	GCS at baseline 	7.59 (3.46) 	7.88 (3.48) 	6.06 (2.95) 	0.038


 	Intervention


 	Airway reconstruction 	 	 	 	0.005


 	No 	92 (90.1) 	81 (95.3) 	11 (68.8) 	


 	Yes 	9 (8.9) 	4 (4.71) 	5 (31.2) 	


 	Hematoma evacuation 	 	 	 	0.037


 	No 	28 (17.7) 	27 (31.8) 	1 (6.25) 	


 	Yes 	73 (72.3) 	58 (68.2) 	15 (93.8) 	


 	ICP monitoring 	 	 	 	0.134


 	No 	39 (38.6) 	36 (42.4) 	3 (18.8) 	


 	Yes 	62 (61.4) 	49 (57.6) 	13 (81.2) 	


 	Drainage procedure 	 	 	 	1


 	No 	97 (96.0) 	81 (95.3) 	16 (100) 	


 	Yes 	4 (4.0) 	4 (4.71) 	0 (0.00) 	


 	Preoperative ICP 	33.30 (17.64) 	30.3 (16.2) 	45.4 (18.5) 	0.007


 	Postoperative ICP 	15.75 (6.60) 	15.4 (6.37) 	17.3 (7.46) 	0.347


 	Bone flap area 	129.50 (49.40) 	133 (51.4) 	110 (31.5) 	0.024


 	Type of DC 	 	 	 	


 	Ipsilateral 	 	 	12 (75) 	


 	Contralateral 	 	 	4 (25) 	


 	Complications


 	Hypertension 	 	 	 	0.302


 	No 	101 (80.2) 	70 (82.4) 	11 (68.8) 	


 	Yes 	20 (19.8) 	15 (17.6) 	5 (31.2) 	


 	Diabetes 	 	 	 	1


 	No 	96 (95.0) 	80 (94.1) 	16 (100) 	


 	Yes 	5 (5.0) 	5 (5.88) 	0 (0.00) 	


 	Surgical history 	 	 	 	1


 	No 	96 (95.0) 	80 (94.1) 	16 (100) 	


 	Yes 	5 (5.0) 	5 (5.88) 	0 (0.00) 	





GCS, Glasgow coma scale; ICP, Intracranial pressure.
 

Among the reasons for requiring secondary DC, intracranial hypertension was the most common indication. Brain herniation syndromes (N = 5) represented the primary clinical manifestation while radiological findings included midline shift (N = 6), delayed hematoma formation (N = 4), intracerebral hematomas (N = 2), and brainstem compression (N = 1), all indicative of progressive intracranial pressure elevation and the need for surgical decompression.



Risk factors for secondary decompressive craniectomy

Patients in the secondary DC group presented with significantly worse GCS scores at admission (6.06 ± 2.95 vs. 7.88 ± 3.48, p = 0.038). Advanced Marshall CT stages were more frequently observed in the secondary DC group, although this difference did not reach statistical significance (p = 0.062). Preoperative ICP was notably higher in patients requiring secondary DC (45.4 ± 18.5 mmHg vs. 30.3 ± 16.2 mmHg, p = 0.007) but postoperative ICP levels were comparable between the two groups. Regarding surgical factors, the secondary DC group was characterized by a smaller decompression area during the initial DC procedure (110 ± 31.5 cm2 vs. 133 ± 51.4 cm2, p = 0.024). Furthermore, patients in the secondary DC group were more likely to undergo additional procedures, such as airway reconstruction and hematoma evacuation (both p < 0.05).

In terms of laboratory findings (Table 2), the secondary DC group exhibited higher thrombin time levels (19.5 ± 4.06 vs. 17.2 ± 2.27, p = 0.081) and significantly lower fibrinogen levels (2.61 ± 1.38 vs. 1.78 ± 1.02, p = 0.02) following primary DC, while no significant differences were observed in other laboratory parameters.


TABLE 2 Summary of laboratory test of patients with traumatic brain injury after first surgery.


	Variables
	Primary craniectomy
	Secondary craniectomy
	p-value

 

 	No. 	85 	16 	


 	Preoperative lab test


 	PT 	13.0 (1.78) 	13.5 (3.22) 	0.666


 	APTT 	29.2 (5.62) 	42.6 (42.8) 	0.324


 	TT 	19.4 (6.27) 	31.6 (42.6) 	0.364


 	FIB 	1.73 (0.72) 	1.57 (0.75) 	0.525


 	D-D 	33.1 (33.8) 	46.9 (39.1) 	0.292


 	PTA 	89.9 (20.7) 	93.3 (32.2) 	0.741


 	PLT 	184 (70.0) 	174 (65.2) 	0.602


 	Hb 	125 (24.2) 	132 (21.0) 	0.297


 	RBC 	4.08 (0.76) 	4.25 (0.70) 	0.39


 	WBC 	16.1 (6.95) 	14.2 (4.62) 	0.166


 	LYMPH 	2.47 (2.02) 	3.09 (2.13) 	0.293


 	Postoperative lab test1


 	PT 	13.6 (1.80) 	14.2 (2.45) 	0.383


 	APTT 	32.5 (6.76) 	41.9 (33.0) 	0.325


 	TT 	17.2 (2.27) 	19.5 (4.06) 	0.081


 	FIB 	2.61 (1.38) 	1.78 (1.02) 	0.02


 	D-D 	14.1 (19.7) 	22.7 (25.0) 	0.259


 	PTA 	82.7 (22.7) 	79.6 (20.5) 	0.633


 	PLT 	120 (52.9) 	101 (45.6) 	0.149


 	Hb 	98.2 (19.7) 	93.5 (21.2) 	0.423


 	RBC 	3.21 (0.69) 	3.03 (0.71) 	0.349


 	WBC 	12.8 (3.90) 	12.3 (3.72) 	0.649


 	LYMPH 	0.86 (0.71) 	0.80 (0.48) 	0.719


 	CV2 	0.36 (1.46) 	0.17 (0.07) 	0.263


 	SD 	37.9 (6.93) 	39.4 (6.80) 	0.44


 	ALB2 	30.8 (7.67) 	31.9 (5.77) 	0.573


 	IG 	21.7 (21.1) 	33.1 (51.3) 	0.425


 	LDH 	242 (93.6) 	243 (84.2) 	0.952


 	ALP 	49.0 (39.7) 	45.8 (19.0) 	0.643


 	PLR 	188 (125) 	176 (145) 	0.776





PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; FIB, fibrinogen; D-dimer, D-dimer; PTA, prothrombin activity; PLT, platelet count; HB, hemoglobin; RBC, red blood cell count; WBC, white blood cell count; LYMPH, lymphocyte count; PLR, platelet-to-lymphocyte ratio; ALB, albumin; IG, immunoglobulin; LDH, lactate dehydrogenase; ALP, alkaline phosphatase.

1. “Postoperative” refers to the period following primary decompressive craniectomy (DC).

2. Variables such as preoperative albumin (ALB) and central venous pressure (CV) were not included in the analysis due to missing data exceeding 20%.
 

Univariate logistic regression identified several factors associated with an increased risk of requiring secondary DC (Table 3). Advanced Marshall CT stage (OR 28.00, 95% CI 1.21–648.85), lower GCS scores at admission (OR 0.84, 95% CI 0.69–1.01), higher preoperative ICP (OR 1.05, 95% CI 1.02–1.09), smaller decompression area during surgery (OR 0.99, 95% CI 0.98–1.00), receipt of airway reconstruction (OR 9.20, 95% CI 2.14–39.55), hematoma evacuation (OR 6.98, 95% CI 0.88–55.62), and ICP monitoring (OR 3.18, 95% CI 0.84–12.00) were all identified as potential risk factors.


TABLE 3 Logistic regression analysis of factors associated with secondary decompressive craniectomy.


	Variables
	Univariable regression
	Multivariable regression with age and sex adjustment2
	Final multivariable regression (AIC-selected)3



	OR
	p-value
	OR
	p-value
	OR
	p-value

 

 	Age 	1.01 (0.97–1.05) 	0.668 	1.01 (0.97–1.05) 	0.563 	 	


 	Gender 	 	 	 	 	 	


 	Male 	Ref 	– 	Ref 	– 	 	


 	Female 	0.83 (0.26–2.62) 	0.755 	0.82 (0.26–2.58) 	0.73 	 	


 	Time 	1 (1–1.01) 	0.625 	1 (1–1.01) 	0.647 	 	


 	Reason 	 	 	 	 	 	


 	Ground-level falls or simple falls 	Ref 	– 	Ref 	– 	 	


 	Motor vehicle accidents 	1.77 (0.21–15.28) 	0.602 	1.79 (0.21–15.52) 	0.595 	 	


 	Fall from a height 	3.08 (0.3–31.97) 	0.347 	3.11 (0.29–33.11) 	0.347 	 	


 	Herniation 	 	 	 	 	 	


 	No 	Ref 	– 	Ref 	– 	 	


 	Yes 	1.62 (0.53–4.95) 	0.4 	1.62 (0.53–4.99) 	0.397 	 	


 	Shock 	 	 	 	 	 	


 	No 	Ref 	– 	Ref 	– 	 	


 	Yes 	2.89 (0.48–17.32) 	0.245 	2.97 (0.49–17.91) 	0.235 	 	


 	Airway 	 	 	 	 	 	


 	No 	Ref 	– 	Ref 	– 	Ref 	–


 	Yes 	9.2 (2.14–39.55) 	0.003 	10.66 (2.27–50.15) 	0.003 	3.95 (0.57–27.46) 	0.165


 	Marshall CT 	 	 	 	 	 	


 	II 	Ref 	– 	Ref 	– 	Ref 	–


 	III 	1.31 (0.13–13.74) 	0.82 	1.38 (0.12–15.65) 	0.793 	0.69 (0.04–13.33) 	0.809


 	IV 	– 	0.992 	– 	0.992 	– 	0.993


 	V 	28 (1.21–648.85) 	0.038 	31.84 (1.25–813.49) 	0.036 	25.6 (0.34–1,909.64) 	0.140


 	VI 	4 (0.47–34.24) 	0.206 	4.14 (0.43–40.12) 	0.221 	1.03 (0.06–17.87) 	0.982


 	Hypertension 	 	 	 	 	 	


 	No 	Ref 	– 	Ref 	– 	 	


 	Yes 	2.12 (0.64–7.01) 	0.218 	2.22 (0.58–8.44) 	0.243 	 	


 	Diabetes 	 	 	 	 	 	


 	No 	Ref 	– 	Ref 	– 	 	


 	Yes 	– 	0.993 	– 	0.993 	 	


 	Surgery 	 	 	 	 	 	


 	No 	Ref 	– 	Ref 	– 	 	


 	Yes 	– 	0.993 	– 	0.993 	 	


 	Haematoma removal 	 	 	 	 	 	


 	No 	Ref 	– 	Ref 	– 	Ref 	–


 	Yes 	6.98 (0.88–55.62) 	0.066 	6.85 (0.85–55.33) 	0.071 	8.66 (0.44–171.7) 	0.157


 	ICP monitoring 	 	 	 	 	 	


 	No 	Ref 	– 	Ref 	– 	Ref 	–


 	Yes 	3.18 (0.84–12) 	0.087 	3.53 (0.91–13.66) 	0.068 	0.7 (0.11–4.36) 	0.705


 	ICP before surgery 	1.05 (1.02–1.09) 	0.004 	1.05 (1.02–1.09) 	0.005 	1.06 (1–1.11) 	0.038


 	ICP after surgery 	1.05 (0.96–1.14) 	0.29 	1.05 (0.96–1.14) 	0.267 	 	


 	Area 	0.99 (0.98–1) 	0.092 	0.99 (0.97–1) 	0.08 	0.98 (0.96–1) 	0.037


 	GCS 	0.84 (0.69–1.01) 	0.06 	0.84 (0.69–1.01) 	0.06 	1.03 (0.78–1.36) 	0.843


 	Mannitol 	 	 	 	 	 	


 	No 	Ref 	– 	Ref 	– 	 	


 	Yes 	0.42 (0.14–1.27) 	0.125 	0.42 (0.14–1.3) 	0.133 	 	


 	Albumin 	 	 	 	 	 	


 	No 	Ref 	– 	Ref 	– 	 	


 	Yes 	0.6 (0.2–1.78) 	0.355 	0.6 (0.2–1.78) 	0.356 	 	


 	Before surgery


 	PT 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	0.25 (0.04–1.65) 	0.148 	0.25 (0.04–1.7) 	0.158 	 	


 	High 	0.3 (0.03–2.65) 	0.278 	0.3 (0.03–2.68) 	0.28 	 	


 	APTT 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	0.39 (0.09–1.69) 	0.207 	0.38 (0.09–1.7) 	0.207 	 	


 	High 	2 (0.32–12.33) 	0.455 	1.94 (0.3–12.44) 	0.483 	 	


 	FIB 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	1.63 (0.54–4.88) 	0.384 	1.66 (0.54–5.06) 	0.375 	 	


 	PTA 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	1.16 (0.3–4.53) 	0.826 	1.22 (0.31–4.81) 	0.782 	 	


 	WBC 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	High 	0.57 (0.17–1.86) 	0.35 	0.59 (0.18–1.99) 	0.398 	 	


 	LYMPH 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	– 	0.993 	– 	0.993 	 	


 	After Surgery


 	PT 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	0.3 (0.02–3.6) 	0.339 	0.3 (0.02–3.71) 	0.35 	 	


 	High 	0.55 (0.04–7.09) 	0.643 	0.55 (0.04–7.21) 	0.652 	 	


 	APTT 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	0.56 (0.06–5.61) 	0.624 	0.56 (0.06–5.71) 	0.628 	 	


 	High 	1.41 (0.13–15.27) 	0.776 	1.39 (0.13–15.11) 	0.787 	 	


 	FIB 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	0.51 (0.17–1.52) 	0.225 	0.51 (0.16–1.59) 	0.245 	 	


 	High 	– 	0.991 	– 	0.991 	 	


 	PTA 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	0.78 (0.26–2.36) 	0.654 	0.83 (0.26–2.68) 	0.76 	 	


 	PLT 	 	 	 	 	 	


 	Normal 	Ref 	. 	Ref 	. 	 	


 	Low 	0.86 (0.29–2.52) 	0.779 	0.85 (0.29–2.5) 	0.765 	 	


 	WBC_01_Category 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	0.63 (0.2–2.05) 	0.446 	0.66 (0.2–2.18) 	0.498 	 	


 	LYMPH 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	– 	0.995 	– 	0.995 	 	


 	High 	– 	0.993 	– 	0.993 	 	


 	CV1 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	High 	0.43 (0.13–1.45) 	0.174 	0.43 (0.13–1.45) 	0.175 	 	


 	SD 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	– 	0.994 	– 	0.994 	 	


 	ALB1 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	Low 	0.62 (0.2–1.94) 	0.41 	0.63 (0.2–2) 	0.435 	 	


 	LDH 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	High 	0.98 (0.31–3.09) 	0.968 	1 (0.31–3.17) 	0.996 	 	


 	ALP 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	High 	2.08 (0.62–7) 	0.236 	2.12 (0.62–7.27) 	0.233 	 	


 	Normal 	– 	0.993 	– 	0.993 	 	


 	PLR 	 	 	 	 	 	


 	Normal 	Ref 	– 	Ref 	– 	 	


 	High 	– 	0.991 	– 	0.991 	 	


 	Normal 	– 	0.991 	– 	0.991 	 	





GCS, Glasgow coma scale; ICP, Intracranial Pressure; PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; FIB, fibrinogen; D-dimer, D-dimer; PTA, prothrombin activity; PLT, platelet count; HB, hemoglobin; RBC, red blood cell count; WBC, white blood cell count; LYMPH, lymphocyte count; PLR, platelet-to-lymphocyte ratio; ALB, albumin; IG, immunoglobulin; LDH, lactate dehydrogenase; ALP, alkaline phosphatase.

1. Variables such as preoperative albumin (ALB) and central venous pressure (CV) were not included in the analysis due to missing data exceeding 20%.

2. These multivariable regression models were adjusted for age and sex.

3. In the final multivariable model, all predictors with p < 0.1 were retained, and the model was selected according to the AIC criterion.
 

Multivariable logistic regression (selected according to the AIC) further confirmed that higher preoperative ICP and a smaller decompression area were significant predictors of secondary DC.



Prognostic and complications following secondary decompressive craniectomy

There were no significant differences in the incidence of complications between the secondary DC and primary DC groups within 6 months after surgery (Table 5). The most common complications observed in both groups included seizures, infections, and cognitive dysfunction.


TABLE 4 Summary of baseline of patients with severe traumatic brain injury after first surgery after IPTW.


	Variables
	Primary craniectomy
	Secondary craniectomy
	p-value

 

 	No. (%) 	81.73 	63.97 	–


 	Age (mean [SD]) 	52.10 (14.38) 	51.93 (6.56) 	0.944


 	Gender 	 	 	0.725


 	Male 	46.9 (57.4) 	41.6 (65.0) 	


 	Female 	34.8 (42.6) 	22.4 (35.0) 	


 	Time to primary surgery (mean [SD]) 	28.82 (51.76) 	27.87 (72.85) 	0.954


 	Reason 	 	 	0.4


 	Ground-level falls or simple falls 	8.5 (10.4) 	1.2 (1.9) 	


 	Motor vehicle accidents 	59.6 (72.9) 	46.8 (73.2) 	


 	Fall from a height 	13.6 (16.7) 	16.0 (24.9) 	


 	Herniation 	 	 	0.139


 	No 	49.9 (61.1) 	52.4 (81.8) 	


 	Yes 	31.8 (38.9) 	11.6 (18.2) 	


 	Shock 	 	 	0.828


 	No 	66.3 (93.4) 	60.6 (94.7) 	


 	Yes 	5.4 (6.6) 	3.4 (5.3) 	


 	Airway reconstruction 	 	 	0.852


 	No 	68.8 (84.3) 	55.3 (86.4) 	


 	Yes 	12.9 (15.7) 	8.7 (13.6) 	


 	Hematoma evacuation 	 	 	0.736


 	No 	26.0 (31.9) 	15.5 (24.3) 	


 	Yes 	55.7 (68.1) 	48.5 (75.7) 	


 	ICP monitoring 	 	 	0.894


 	No 	18.4 (22.5) 	13.1 (20.4) 	


 	Yes 	63.3 (77.5) 	50.9 (79.6) 	


 	Drainage procedure 	 	 	0.11


 	No 	77.0 (94.3) 	64.0 (100) 	


 	Yes 	4.7 (5.7) 	0.0 (0.0) 	


 	Marshall CT 	 	 	< 0.001


 	II 	10.3 (12.6) 	1.5 (2.3) 	


 	III 	35.8 (43.8) 	5.5 (8.6) 	


 	IV 	2.1 (2.5) 	0.0 (0.0) 	


 	V 	1.1 (1.3) 	17.1 (26.7) 	


 	VI 	32.5 (39.8) 	39.9 (62.5) 	


 	GCS (mean [SD]) 	7.17 (3.53) 	6.25 (2.35) 	0.282




 


TABLE 5 Summary of complications of patients with severe traumatic brain injury after surgery.


	Variables
	Before IPTW
	After IPTW



	Primary decompressive craniectomy
	Secondary decompressive craniectomy
	p-value
	Primary decompressive craniectomy
	Secondary decompressive craniectomy
	p-value

 

 	No. 	85 	16 	 	81.73 	63.97 	


 	Seizures 	14 (16.5) 	1 (6.25) 	0.454 	9.9 (12.1) 	15.5 (24.2) 	0.455


 	Infarction 	3 (3.53) 	0 (0.00) 	>0.99 	1.3 (1.5) 	0.0 (0.0) 	0.391


 	Infection 	14 (16.5) 	1 (6.25) 	0.454 	10.8 (13.2) 	1.7 (2.7) 	0.104


 	Cognitive 	5 (5.88) 	2 (12.5) 	0.306 	4.5 (5.5) 	11.8 (18.4) 	0.184


 	Hydrocephalus 	3 (3.53) 	1 (6.25) 	0.504 	2.2 (2.7) 	1.5 (2.4) 	0.924


 	Cerebral Infarction 	2 (2.35) 	0 (0.00) 	>0.99 	1.0 (1.3) 	0.0 (0.0) 	0.394


 	Discharge GOSE Score 	5.51 (1.99) 	4.62 (2.33) 	0.173 	4.82 (2.27) 	4.94 (2.41) 	0.91


 	6-Month GOSE Score 	3.16 (1.21) 	2.44 (1.15) 	0.032 	2.85 (1.27) 	2.89 (1.13) 	0.925


 	Discharge GCS Score 	6.38 (3.31) 	4.56 (2.28) 	0.012 	5.42 (2.77) 	4.74 (2.11) 	0.366





GCS, Glasgow coma scale.
 

However, patients who underwent secondary DC demonstrated significantly lower GCS scores at discharge compared to those who received primary DC (4.56 ± 2.28 vs. 6.38 ± 3.31, p = 0.012). Although no significant differences in the GOSE scores were observed at discharge, the secondary DC group exhibited significantly lower GOSE scores at 6 months post-surgery (2.44 ± 1.15 vs. 3.16 ± 1.21, p = 0.032).

Based on the results of the logistic regression analysis, propensity scores were computed using a logistic regression model with the following covariates: time to surgery, airway reconstruction, hematoma evacuation, primary craniectomy area and ICP before primary DC. After adjusting for confounding factors using IPTW (Table 4, Supplementary Table 1), no significant differences were observed between the secondary DC and primary DC groups with respect to either complications or prognosis (All p > 0.05).

In summary, to further illustrate our findings, we have selected two representative cases for presentation, as shown in Figure 2.

[image: CT scan images show a series of five brain scans over time for two patients, labeled A and B. Each row progresses from preoperative CT, post-primary decompressive craniectomy (DC), pre-extended DC, post-extended DC, to at discharge. The images illustrate changes in brain structure and swelling reduction after surgeries.]

FIGURE 2
 Representative cases of secondary decompressive craniectomy in severe traumatic brain injury. (A) An adult patient underwent right-sided primary DC (9 × 9 cm) for bilateral frontal contusions and left occipital epidural hematoma. Due to progressive cerebral edema and ICP elevation (40 mmHg), an ipsilateral secondary DC (12 × 15 cm) was performed. GOSE at 6 months was 3; complications included pneumonia, post-traumatic epilepsy, and hydrocephalus. (B) An adult patient underwent left-sided primary DC (10 × 11 cm) for a large subdural hematoma. Persistent elevated ICP (34 mmHg) and new hematoma formation led to a contralateral (right-sided) secondary DC (12 × 15 cm). GOSE at 6 months was 4; complications included pneumonia and deep vein thrombosis.





Discussion

This retrospective cohort study provides a comprehensive understanding of the clinical characteristics, outcomes, and risks associated with secondary decompressive craniectomy in severe TBI. Our findings highlight significant differences in baseline characteristics between patients who underwent secondary DC and those who received only primary DC. Specifically, patients in the secondary DC group presented with more severe initial conditions, including significantly lower GCS scores at admission, higher preoperative ICP, and more advanced Marshall CT stages. Logistic regression analysis further identified higher preoperative ICP, and smaller decompression areas during primary DC were significant predictors associated with the need for secondary DC. Notably, no significant differences were observed between the two groups in terms of complications or prognosis.

This study underscores the critical relationship between higher preoperative intracranial pressure and the need for secondary DC, as well as the influence of smaller decompression areas during the primary DC procedure. ICP is primarily regulated by the volume of three components: brain tissue, cerebrospinal fluid. Following traumatic brain injury, the intracranial volume may increase due to hemorrhage, cerebral edema, or hydrocephalus, leading to a dangerous rise in ICP. The rigid structure of the skull exacerbates this problem, as the brain has limited space to accommodate swelling (18). Accordingly, if ICP remains high despite initial medical management, decompressive craniectomy is typically performed to alleviate the pressure. DC has long been used as a surgical intervention to manage refractory ICP by removing a portion of the skull, thereby providing additional space for the swollen brain and reducing pressure. The physiological goal of DC is to reduce ICP to a level that allows for improved cerebral blood flow and prevents brain herniation. DC can be particularly effective in cases of elevated ICP not responding to medical management, but the timing and extent of decompression remain key factors in determining its success (18, 19).

Guidelines from major TBI management consortia, such as the Brain Trauma Foundation, recommend early and adequate decompression to prevent irreversible brain injury (20, 21). However, there is still no universal agreement on the optimal timing for primary DC. Most guidelines suggest that DC should be performed when ICP exceeds 20–25 mmHg for extended periods, despite maximal medical management. By removing a substantial portion of the skull, this procedure effectively reduces ICP and mitigates the risk of secondary brain injury. However, despite its benefits, excessive decompression may occur in some patients, leading to a range of postoperative complications. These complications can include syndrome of the trephined, paradoxical herniation, cerebrospinal fluid disturbances, and delayed brain shifts, all of which may negatively impact neurological recovery. Therefore, the optimal extent and location of decompression plays a critical role in surgical outcomes. Typical decompression areas include the frontal, temporal, and parietal regions, with the extent of the craniectomy depending on the severity of the injury and the patient’s clinical status. That is to say, there is no universally defined “ideal” decompression area, which can lead to situations where ICP remains elevated even after the initial DC (22, 23). This insufficiency in primary decompression may subsequently result in the need for secondary decompressive craniectomy to further alleviate intracranial pressure. This highlights the importance of ensuring an appropriately sized decompression area during the primary procedure to reduce the likelihood of requiring further interventions. Future research should focus on defining the optimal decompression area based on injury severity and individual patient factors to minimize the need for secondary surgical interventions.

However, it is noteworthy that after rigorous adjustment, we found no significant differences in prognosis or complications between patients who underwent only primary decompressive craniectomy and those who required secondary DC. This may suggest that secondary DC does not result in an increased risk of complications or secondary injury compared to primary DC. Therefore, when primary decompression fails to adequately control intracranial pressure, performing secondary DC may not exacerbate risks and could be a reasonable intervention to prevent further neurological deterioration (24). However, repeated surgeries can increase both the economic and physiological burden on patients. The need for additional procedures not only prolongs the hospital stay and escalates medical costs but also exposes patients to extended recovery times (25). Therefore, while secondary DC may be necessary in some cases to prevent further neurological deterioration, it emphasizes the importance of ensuring that the initial decompressive surgery is adequately performed. Optimizing surgical decision-making to reduce the need for subsequent interventions could help mitigate the physical and financial burdens on patients and the healthcare system. Further research should focus on refining guidelines for primary DC (26).

Beyond its acute role in ICP control, our findings also relate to the ongoing debate on optimal craniectomy size and its long-term implications. Our observation that smaller initial craniectomy areas were associated with a higher likelihood of requiring secondary decompression underscores the importance of ensuring adequate decompressive size. This finding dovetails with a broader debate in neurotrauma: how large should a decompressive craniectomy be? Too small a bone flap may fail to adequately control ICP, necessitating revision as seen in our study, whereas excessively large defects may carry their own risks. For example, large craniectomy defects have been linked to the syndrome of the trephined, a delayed complication characterized by neurological deterioration due to loss of cranial integrity, which typically improves after cranioplasty (27). Furthermore, craniectomy size can influence reconstructive outcomes; large or bilateral defects may increase the complexity and complication rates of cranioplasty. A recent multicenter study identified defect size as a factor in predicting cranioplasty complications (28). Taken together, these considerations highlight the need to balance acute ICP control with long-term risks when determining the extent of decompression.

According to the BTF guidelines, DC is recommended as a second-tier therapy for refractory intracranial hypertension in severe TBI, with the primary goal of improving survival, although its impact on long-term functional outcome remains complex. Our findings support these recommendations in several respects. Secondary DC effectively controlled intracranial pressure without significantly worsening functional outcomes, consistent with the notion that timely decompression can be life-saving without invariably resulting in poor neurological recovery, as also reflected in the RESCUEicp trial. In addition, our observation that inadequate initial decompression often necessitated secondary DC underscores the guideline emphasis on performing a sufficiently large bone flap removal (e.g., a wide fronto-temporo-parietal craniectomy of at least 12 cm diameter reaching the skull base and midline when appropriate).

Building on these guideline principles, our study also provides actionable recommendations for neurosurgeons. First, ensuring adequate initial decompression is critical; maximizing the extent of the bone flap and performing dural expansion when indicated may help reduce the need for subsequent surgery. Second, patients presenting with markedly elevated ICP or diffuse/bilateral injury patterns should be recognized as high risk and considered for a more aggressive primary approach, including larger or bilateral DC where appropriate. Third, developing institutional protocols that standardize minimum craniectomy size and indications for bilateral decompression may reduce variability among surgeons and improve outcomes (29). Finally, even after adequate DC, vigilant postoperative ICP monitoring remains essential, with timely consideration of secondary DC in cases of refractory hypertension before irreversible injury occurs.

Taken together, these findings align with BTF guideline recommendations while also adding nuance: in our cohort, secondary DC did not significantly increase the risk of severe disability compared with primary DC alone, in contrast to earlier concerns raised by DECRA and other trials. This suggests that, with careful patient selection and appropriate surgical technique, secondary DC can be considered a viable salvage strategy consistent with current guidelines, while emphasizing that the best opportunity to prevent secondary intervention lies in performing an extensive and technically adequate primary decompression.

Several limitations of this study must be acknowledged. Firstly, as a retrospective cohort study, it is inherently limited by biases associated with observational data, such as selection bias and information bias. The decision to perform secondary DC was not randomized but based on clinical judgment, which introduces the potential for unmeasured confounders that may affect both the surgical decision and the outcomes. Therefore, prospective studies are needed to mitigate these limitations and provide stronger evidence for the effectiveness of secondary DC. Secondly, the retrospective single-center design and relatively small sample size, particularly the secondary DC group of 16 patients, limit the statistical power of our analysis and raise the possibility of Type II errors, that is, failing to detect true differences or associations due to insufficient sample size. For example, although no significant differences in functional outcomes were observed between groups after IPTW adjustment, small to moderate effects may have gone undetected. The wide confidence intervals for some outcome measures further reflect this uncertainty. Accordingly, we have interpreted the negative findings with caution and recommend that future studies with larger multicenter cohorts be conducted to validate our results. Additionally, this study was conducted at a single center, which may limit the generalizability of the findings to other institutions with different patient populations, surgical practices, and postoperative care protocols. Multi-center studies would be invaluable in improving the external validity of the results and offering a broader perspective on the outcomes associated with secondary DC. Furthermore, due to the retrospective nature of this study, surgeon-specific data on craniectomy size were not consistently documented, preventing a formal stratified analysis of inter-surgeon variability. Although our review did not indicate that smaller craniectomy sizes or secondary decompressions were concentrated within specific surgical teams (Supplementary Table 2), we acknowledge this as a limitation. Future prospective studies with standardized documentation of surgical decision-making would better clarify the influence of individual surgical practice on outcomes. While the study assessed functional outcomes at 6 months post-surgery, a longer follow-up period would be beneficial to fully evaluate the long-term cognitive, psychological, and quality-of-life outcomes in patients who undergo secondary DC. These additional insights would be crucial for understanding the lasting effects of this intervention and improving long-term patient care. Lastly, although baseline characteristics were generally comparable between groups after weighting, some imbalances remained. For example, except for CT, all baseline variables showed p values > 0.05, suggesting no statistically significant differences. However, the SMD for CT exceeded the conventional threshold, indicating residual imbalance. This may be explained by the clinical context and the nature of our dataset: CT is closely linked to treatment selection and disease status in practice, which makes it inherently more difficult to achieve balance through weighting. Moreover, given the limited sample size and heterogeneity of the study population, subtle imbalances are expected and may persist despite statistical adjustment.

Conclusively, this study provides a comprehensive analysis of the clinical characteristics, outcomes, and risk factors associated with extended decompressive craniectomy in patients with severe traumatic brain injury. The findings indicate that higher ICP and smaller decompression areas during the initial surgery may contribute to the need for secondary DC. These factors underscore the critical importance of achieving adequate decompression in the early stages of treatment to prevent the need for further surgical interventions. Additionally, the study found no significant differences in complications or prognosis between the secondary DC and primary DC groups, suggesting that the potential of secondary DC as a life-saving procedure for managing refractory ICP, without an additional risk of postoperative complications compared to primary DC.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of the No. 904 Hospital of the Joint Logistics Support Force of the Chinese People’s Liberation Army (Approval number: 20240401). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

WC: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. CF: Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing. XX: Formal analysis, Methodology, Project administration, Validation, Visualization, Writing – original draft, Writing – review & editing. QS: Investigation, Software, Supervision, Writing – original draft, Writing – review & editing. JR: Funding acquisition, Project administration, Visualization, Writing – review & editing. YW: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research and/or publication of this article. This work was supported by the Wuxi Science and Technology Development Fund (Y20222025).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1641639/full#supplementary-material



References
	 1. Maas,AIR, Menon,DK, Manley,GT, Abrams,M, Åkerlund,C, Andelic,N , et al. Traumatic brain injury: progress and challenges in prevention, clinical care, and research. Lancet Neurol. (2022) 21:1004–60. doi: 10.1016/S1474-4422(22)00309-X 
	 2. Dewan,MC, Rattani,A, Gupta,S, Baticulon,RE, Hung,YC, Punchak,M , et al. Estimating the global incidence of traumatic brain injury. J Neurosurg. (2019) 130:1080–97. doi: 10.3171/2017.10.JNS17352 
	 3. Roozenbeek,B, Maas,AI, and Menon,DK. Changing patterns in the epidemiology of traumatic brain injury. Nat Rev Neurol. (2013) 9:231–6. doi: 10.1038/nrneurol.2013.22 
	 4. Stocchetti,N, Carbonara,M, Citerio,G, Ercole,A, Skrifvars,MB, Smielewski,P , et al. Severe traumatic brain injury: targeted management in the intensive care unit. Lancet Neurol. (2017) 16:452–64. doi: 10.1016/S1474-4422(17)30118-7 
	 5. Balestreri,M, Czosnyka,M, Hutchinson,P, Steiner,LA, Hiler,M, Smielewski,P , et al. Impact of intracranial pressure and cerebral perfusion pressure on severe disability and mortality after head injury. Neurocrit Care. (2006) 4:8–13. doi: 10.1385/NCC:4:1:008 
	 6. Dagod,G, Laurens,M, Roustan,JP, Deras,P, Courvalin,E, Girard,M , et al. Impact of lumbar cerebrospinal fluid drainage to control intracranial hypertension in patients with severe traumatic brain injury: a retrospective monocentric cohort. Crit Care. (2025) 29:2. doi: 10.1186/s13054-024-05199-1 
	 7. Hawryluk,GWJ, Aguilera,S, Buki,A, Bulger,E, Citerio,G, Cooper,DJ , et al. A management algorithm for patients with intracranial pressure monitoring: the Seattle international severe traumatic brain injury consensus conference (SIBICC). Intensive Care Med. (2019) 45:1783–94. doi: 10.1007/s00134-019-05805-9 
	 8. Chesnut,R, Aguilera,S, Buki,A, Bulger,E, Citerio,G, Cooper,DJ , et al. A management algorithm for adult patients with both brain oxygen and intracranial pressure monitoring: the Seattle international severe traumatic brain injury consensus conference (SIBICC). Intensive Care Med. (2020) 46:919–29. doi: 10.1007/s00134-019-05900-x 
	 9. Hawryluk,GWJ, Rubiano,AM, Totten,AM, O'Reilly,C, Ullman,JS, Bratton,SL , et al. Guidelines for the management of severe traumatic brain injury: 2020 update of the decompressive craniectomy recommendations. Neurosurgery. (2020) 87:427–34. doi: 10.1093/neuros/nyaa278
	 10. Hutchinson,PJ, Kolias,AG, Timofeev,IS, Corteen,EA, Czosnyka,M, Timothy,J , et al. Trial of decompressive craniectomy for traumatic intracranial hypertension. N Engl J Med. (2016) 375:1119–30. doi: 10.1056/NEJMoa1605215 
	 11. Cooper,DJ, Rosenfeld,JV, Murray,L, Arabi,YM, Davies,AR, D'Urso,P , et al. Decompressive craniectomy in diffuse traumatic brain injury. N Engl J Med. (2011) 364:1493–502. doi: 10.1056/NEJMoa1102077 
	 12. Servadei,F. Clinical value of decompressive craniectomy. N Engl J Med. (2011) 364:1558–9. doi: 10.1056/NEJMe1102998 
	 13. Sahuquillo,J, and Dennis,JA. Decompressive craniectomy for the treatment of high intracranial pressure in closed traumatic brain injury. Cochrane Database Syst Rev. (2019) 12:Cd003983. doi: 10.1002/14651858.CD003983.pub3
	 14. Zhao,HX, Liao,Y, Xu,D, Wang,QP, Gan,Q, You,C , et al. The value of intraoperative intracranial pressure monitoring for predicting re-operation using salvage decompressive craniectomy after craniotomy in patients with traumatic mass lesions. BMC Surg. (2015) 15:111. doi: 10.1186/s12893-015-0100-7 
	 15. Prisco,L, Iscra,F, Ganau,M, and Berlot,G. Early predictive factors on mortality in head injured patients: a retrospective analysis of 112 traumatic brain injured patients. J Neurosurg Sci. (2012) 56:131–6.
	 16. Cole,SR, and Hernán,MA. Constructing inverse probability weights for marginal structural models. Am J Epidemiol. (2008) 168:656–64. doi: 10.1093/aje/kwn164 
	 17. Jones,RH. Bayesian information criterion for longitudinal and clustered data. Stat Med. (2011) 30:3050–6. doi: 10.1002/sim.4323 
	 18. Rosenfeld,JV, Maas,AI, Bragge,P, Morganti-Kossmann,MC, Manley,GT, and Gruen,RL. Early management of severe traumatic brain injury. Lancet. (2012) 380:1088–98. doi: 10.1016/S0140-6736(12)60864-2 
	 19. Rakhit,S, Nordness,MF, Lombardo,SR, Cook,M, Smith,L, and Patel,MB. Management and challenges of severe traumatic brain injury. Semin Respir Crit Care Med. (2021) 42:127–44. doi: 10.1055/s-0040-1716493 
	 20. Khormi,YH, Gosadi,I, Campbell,S, Senthilselvan,A, O'Kelly,C, and Zygun,D. Adherence to brain trauma foundation guidelines for management of traumatic brain injury patients and its effect on outcomes: systematic review. J Neurotrauma. (2018) 35:1407–18. doi: 10.1089/neu.2017.5345 
	 21. Volovici,V, Steyerberg,EW, Cnossen,MC, Haitsma,IK, Dirven,CMF, Maas,AIR , et al. Evolution of evidence and guideline recommendations for the medical management of severe traumatic brain injury. J Neurotrauma. (2019) 36:3183–9. doi: 10.1089/neu.2019.6474 
	 22. Hutchinson,PJ, Kolias,AG, Tajsic,T, Adeleye,A, Aklilu,AT, Apriawan,T , et al. Consensus statement from the international consensus meeting on the role of decompressive craniectomy in the management of traumatic brain injury: consensus statement. Acta Neurochir. (2019) 161:1261–74. doi: 10.1007/s00701-019-03936-y 
	 23. Jiang,JY, Xu,W, Li,WP, Xu,WH, Zhang,J, Bao,YH , et al. Efficacy of standard trauma craniectomy for refractory intracranial hypertension with severe traumatic brain injury: a multicenter, prospective, randomized controlled study. J Neurotrauma. (2005) 22:623–8. doi: 10.1089/neu.2005.22.623 
	 24. Lingsma,HF, Roozenbeek,B, Steyerberg,EW, Murray,GD, and Maas,AI. Early prognosis in traumatic brain injury: from prophecies to predictions. Lancet Neurol. (2010) 9:543–54. doi: 10.1016/S1474-4422(10)70065-X 
	 25. Perel,P, Arango,M, Clayton,T, Edwards,P, Komolafe,E, Poccock,S , et al. Predicting outcome after traumatic brain injury: practical prognostic models based on large cohort of international patients. BMJ. (2008) 336:425–9. doi: 10.1136/bmj.39461.643438.25 
	 26. Tang,ME, and Lobel,DA. Severe traumatic brain injury: maximizing outcomes. Mt Sinai J Med. (2009) 76:119–28. doi: 10.1002/msj.20106 
	 27. Láng,J, Ganau,M, Prisco,L, Bozsik,K, and Banczerowski,P. Syndrome of trephined-underestimated and poorly understood complication after decompressive craniectomy. Ideggyogy Sz. (2016) 69:227–32. doi: 10.18071/isz.69.0227 
	 28. Yang,J, Wang,J, You,C, Ma,L, and Guan,J. Predictors of complications following alloplastic cranioplasty in trauma patients: a multi-center retrospective study. PLoS One. (2025) 20:e0321870. doi: 10.1371/journal.pone.0321870 
	 29. Dasic,D, Morgan,L, Panezai,A, Syrmos,N, Ligarotti,GKI, Zaed,I , et al. A scoping review on the challenges, improvement programs, and relevant output metrics for neurotrauma services in major trauma centers. Surg Neurol Int. (2022) 13:171. doi: 10.25259/SNI_203_2022 


Copyright
 © 2025 Che, Feng, Xu, Shen, Rao and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Secondary decompressive craniectomy after severe traumatic brain injury: a retrospective cohort study



		Introduction



		Methods



		Data source and population



		Outcomes and candidate predictors



		Surgical procedures



		Statistical analysis









		Results



		Population characteristics



		Risk factors for secondary decompressive craniectomy



		Prognostic and complications following secondary decompressive craniectomy









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fneur-16-1641639-g001.jpg
Patients with TBI

(N=2111)
]

Inclusion
1. Patients with initial traumatic closed craniocercbral
trauma who meet the diagnostic criteria for TBI
2. Patients who have undergone DC surgery
3. Patients who showed significant imaging signs on
CT/MRI
4. Patients with severe TBI, defined by a GCS score of <= 8.
5. Age between 18-75 years old.
(N=142)

1

Exclusion
1.Discharged from the hospital without receiving treatment
because of late brain shock and died within 48h after
admission.
2. Patients with serious damage to other organ affecting
surgical decision-making.
3.Patients with previous craniocerebral injuries and vascular
disease.
4. Patients lacking complete medical data.

(N=41)

T

101 patients included, with 16 patients under secondary DC






OPS/images/fneur-16-1641639-g002.jpg
Preoperative CT Post-primary DC Pre-secondary DC  Post-secondary DC At discharge






OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Secondary decompressive
craniectomy after severe
traumatic brain injury: a

retrospective cohort study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






