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Objective

To design a multidisciplinary enhanced recovery after surgery (ERAS) protocol for glioma patients undergoing elective craniotomy and evaluate its clinical efficacy and safety after implementation in a tertiary neurosurgical center in China.



Methods

ERAS protocol for glioma patients was developed and modified based on the best available evidence. Patients undergoing elective craniotomy for treatment of glioma between September 2019 to May 2021 were enrolled in a randomized clinical trial comparing a conventional neurosurgical perioperative care (control group) to an ERAS protocol (ERAS group). The primary outcome was postoperative hospital length of stay (LOS). Secondary outcomes were 30-day readmission rate, postoperative complications, duration of the drainage tube, time to first oral fluid intake, time to ambulation and functional recovery status.



Results

A total of 151 patients were enrolled (ERAS group: n = 80; control group: n = 71). Compared with the control group, postoperative LOS was significantly shorter in the ERAS group (median: 5 days vs. 7 days, p<0.0001). No 30-day readmission or reoperation occurred in either group. The time of first oral intake, urinary catheter removal within 24 h and early ambulation on postoperative day (POD) 1 were earlier and shorter in the ERAS group compared with the control group (p<0.001). No statistical difference was observed between the two groups in terms of surgical- and nonsurgical-related complications. Functional recovery in terms of Karnofsky Performance Status (KPS) scores both at discharge and 30-day follow-up was similar in the two groups. Moreover, no significant difference was found between the two groups in the Hospital Anxiety and Depression Scale (HADS) scores.



Conclusion

The implementation of the ERAS protocol for glioma patients offers significant benefits over conventional neurosurgical perioperative management, as it is associated with enhancing postoperative recovery, without additional perioperative complications and risks.



Clinical Trial Registration

Chinese Clinical Trial Registry (http://www.chictr.org.cn/showproj.aspx?proj=42016), identifier ChiCTR1900025108
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Introduction

Glioma is the most frequent primary malignant brain tumor in adults. Despite significant advances in treatment, the prognosis remains poor. Glioblastoma (GBM) is the most common and lethal subtype, accounting for 49.1% of primary malignant brain tumors. Its median survival time is about 14.4 months (1). Advancements in standard treatment regimens, including maximal safe resection, radiotherapy with concomitant temozolomide (TMZ), maintenance chemotherapy, tumor treatment field (TTF), immunotherapy and targeted therapy, have improved survival rates in patients with low- and high-grade gliomas in the past few decades. Therefore, assessment and improvement of the patient’s functional status in each treatment section have been emphasized.

Enhanced recovery after surgery (ERAS) protocols have been widely adopted in diverse surgical specialties. As a patient-centered perioperative model, ERAS offers several clinical advantages, including reduced surgical stress response, accelerated postoperative recovery, shortened hospital length of stay (LOS) and improved overall satisfaction (2, 3). In addition, our previous study confirmed the feasibility and safety of the ERAS protocol in neurosurgery (4). However, despite the diversity of neurosurgical diseases, there is a paucity of literature on ERAS protocols for various neurological diseases, especially gliomas.

Herein, we designed and implemented a multidisciplinary ERAS protocol for glioma patients undergoing elective craniotomy and evaluated its clinical efficacy and safety in a large tertiary hospital in China. The effect of ERAS protocol on perioperative rehabilitation was explored to provide evidence for the establishment of disease-specific neurosurgical ERAS protocol for patients with gliomas.



Materials and methods


Patient Enrollment

This registry study was conducted in the Department of Neurosurgery, Tangdu Hospital, Air Force Military Medical University (Xi’an, China). The study protocol was approved by the institutional ethics committee of Tangdu Hospital (No. 201907-10) and registered at the Chinese Clinical Trial Registry (ChiCTR1900025108, http://www.chictr.org.cn/showproj.aspx?proj=42016) before implementation. Written informed consent for participation was obtained from all participants. The protocol adheres to the principles outlined in the US Code of Federal Regulations, Title 45, Part 46, Protection of Human Subjects, revised June 23, 2005, and the World Medical Association Declaration of Helsinki.

From September 2019 to May 2021, consecutive patients who underwent elective craniotomy for treatment of glioma at Tangdu Hospital were recruited. The inclusion criteria were as follows: aged 18-65 years old, Karnofsky Performance Score (KPS) ≥70, initially diagnosed supratentorial glioma and lesion involving less than 3 lobes. Patients who needed emergency surgery and with radio- or chemotherapy history were excluded.

From September 2019 to August 2020, patients received a standard neurosurgical care protocol (control group). In June 2020, a neurosurgical ERAS protocol was implemented for glioma patients who received elective craniotomy (ERAS group). Primary outcomes were postoperative hospital length of stay (LOS) and total hospitalization costs. Secondary outcomes were 30-day readmission rate, postoperative complications, duration of the drainage tube, time to first oral fluid intake, time to ambulation and functional recovery status. All patients were followed for 30 days after hospital discharge.



ERAS Protocol for Gliomas

Details of our institutional ERAS protocol have been previously described (4). The protocol complies with the ERAS society research reporting guidelines (5). Briefly, our ERAS protocol for glioma patients consists of three sections: preoperative, intraoperative and postoperative intervention. Key items include patient and family education, baseline functional and nutritional assessment, smoking and alcohol abstinence, limited fasting, carbohydrate loading, no long-acting sedation, antibiotics prophylaxis, scalp block and local incision analgesia, hypothermia avoidance, goal-directed fluid balance, minimally invasive approaches and techniques for the craniotomy, early termination of the drainage tube, postoperative nausea and vomiting (PONV) assessment, preventive opioid-sparing multimodal analgesia, early mobilization and ambulation, deep vein thrombosis (DVT) prophylaxis and early oral feeding within 24 h. The glioma ERAS protocol was further modified to include extra measures focusing on stressor evaluation, such as mental status. The working flow of ERAS protocol for gliomas was summarized in Figure 1.




Figure 1 | Working flow of ERAS protocol for gliomas.



The hospital anxiety and depression scale (HADS) was applied twice to grade the patient’s psychological status at admission and discharge. HADS has comprised two subcomponents: depression (HADS-D) and anxiety (HADS-A) (6). Changes in HADS scores from admission to discharge were calculated. Minimum clinically important difference (MCID) was also used to detect the changes in HADS scores to assess the mental health of glioma patients. A 1.7-point reduction was set as the indicator value (7).

Perioperative management of patients in the control group was conducted based on the current standard neurosurgical care at our institution. Some elements routinely implemented in clinical practice (e.g., antibiotic prophylaxis, smoking cessation education, etc.) were also applied in the control group.

Patients were discharged according to well-defined discharge criteria, including full consciousness, adequate pain control, body temperature within normal range, ability to take adequate food without the need for intravenous nutrition, effective wound healing and major laboratory tests within normal limits. A discharge readiness assessment was conducted by a senior attending neurosurgeon who was not involved in the study. Clinical or telephone follow-ups were conducted one month after discharge. Adverse events data and KPS scores were collected during follow-up to evaluate the functional status of patients.

The medical record system and the ERAS Record Sheet were used to collect perioperative data. Overall compliance to 20 key ERAS measures was assessed and expressed as a percentage. Good compliance was defined as >80% score per item and/or per patient.

In order to analyze the effect of surgical start time, two surgical cohorts were created based on patients receiving surgery before or after 2 PM. Early cohort (before 2 PM) and later cohort (after 2 PM) were stratified in both groups.



Statistical Analysis

Continuous variables were expressed as mean ± SD or median [interquartile range (IQR)], and categorical data were presented as numbers (percentages). The student’s t-test was used to compare two groups of normally distributed continuous data. The Mann-Whitney U test was used to compare differences between non-normally distributed variables. The chi-square tests or Fisher exact tests were used to compare categorical variables. Statistical significance was defined as p<0.05. All statistical analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 9 (GraphPad Software, San Diego, CA, USA).




Results


Patient Sociodemographic and Clinical Characteristics

A total of 166 patients diagnosed with glioma and received neurosurgical treatment were recruited. Nine patients declined informed consent. Five patients were lost clinical follow-up due to long distance or COVID-19 travel restrictions. One patient was lost follow-up due to refuse phone or other connection. A total of 151 patients were included in the final analysis (80 in the ERAS group and 71 in the control group, Diagram 1). No significant difference was found in baseline clinical characteristics between the two groups (Table 1).


Table 1 | The demographic characteristics of patients with gliomas in two groups.



The average age was 51.7 ± 12.21 in the ERAS group and 49.07 ± 11.67 in the control group (p = 0.1795). There were more males than females in both groups, but without notable differences [ERAS group: 52 males (65%) and 28 females (35%); control group: 38 males (53.52%) and 33 females (46.48%)]. No significant difference was found for concomitant diseases (Table 1).

For glioma pathology diagnosis, WHO grade IV GBM was the major type in both groups, including 43 cases (53.75%) in the ERAS group and 44 cases (61.97%) in the control group. The tumor location was summarized in Table 2. Gliomas mainly invaded the frontal lobe [ERAS group: 19 cases (23.75%); control group: 23 cases (32.39%)], temporal lobe [ERAS group: 12 cases (15%); control group: 7 cases (9.86%)] and parietal lobe [ERAS group: 8 cases (10%); control group: 5 cases (7.04%)]. No significant difference was found between the two groups regarding pathological diagnosis (p = 0.8055).


Table 2 | Summary of tumor and operation related details.





Compliance With the ERAS Protocol

The target compliance rate for the ERAS protocol in our center was above 80%. Key measures of the ERAS protocol for glioma patients are summarized in Table 3. The overall median overall compliance rate was 98% in the ERAS group and 28.17% in the control group (p<0.001). For the purpose of analysis, we also divided the ERAS protocol into pre-operative (5 items), intra-operative (6 items) and post-operative (9 items) measures (Figure 2).


Table 3 | Key measures on ERAS protocol for gliomas and patient compliance.






Figure 2 | Dynamic changes of KPS scores in glioma patients receiving craniotomy with ERAS protocol (A) and conventional care (B) during hospitalization.





Primary Outcome Measures

The total hospital LOS and postoperative LOS were significantly shorter in the ERAS group (median: 7 days (IQR: 6-12 days) and 5 days (IQR: 5-7.25 days), respectively) than in the control group (median: 9 days (IQR: 8-14 days) and 7 days (IQR: 7-10 days), respectively) (p<0.0001). However, the median value of total hospitalization cost was 82075.5 CNY (range: 74526-91352 CNY) in the control group and 76538 CNY (range: 69763-89220 CNY) in the ERAS group. However, no significant difference was found between the two groups (Table 4).


Table 4 | Primary outcomes and secondary outcomes between ERAS group and control group.





Secondary Outcomes Measures

No mortality or 30-day readmission was found in both groups. Postoperative complications are summarized in Table 4. No statistical difference was found in surgical-related complications between the two groups. However, three patients developed an incisional infection or subcutaneous effusion (one in the ERAS group and two in the control group), and five patients (two in the ERAS group and three in the control group) presented with intracranial infection. All these patients recovered following antibiotic treatment wound dressing replacement or lumbar drainage. Other non-surgical-related complications were similar between the two groups. PONV was the most common complication. None of the patients developed DVT.

Functional recovery was similar at hospital discharge in both groups (Table 5). The median discharge KPS score was 100 (range: 60-100) in the ERAS group and 90 (range: 60-100) in the control group. Although the median KPS score was 100 at 30-day follow-up, no significant difference was observed between groups. The trend of KPS change was also presented in Figure 3. Of note, a slow trend of KPS improvement was observed in the control group. The benefits of the ERAS protocol may account for this trend, but further studies with a large sample are needed to verify this hypothesis.


Table 5 | Key measures on ERAS protocol for gliomas.






Figure 3 | Percent compliance with the ERAS core elements between ERAS groups and control group, categorized by pre-operative (A), intra-operative (B) and post-operative (C) key measures.



Other major ERAS elements were summarized in Table 5. For postoperative dietary management, the time to first oral intake was significantly shorter in the ERAS group (6 h, IQR: 6-8 h) compared to the control group (10 h, IQR: 8-10 h; p = 0.0018). A significantly higher percentage of patients in the ERAS group had early urinary catheter removal (within 24 h) (p<0.0001). Postoperative wound drainage tubes were used in a few cases in the ERAS group (23/80, 28.75%) compared to the control group (65/71, 91.55%, p<0.0001). A significantly higher percentage of patients in the ERAS group had early ambulation on postoperative days (POD) 1 and 2 compared with the control group (60/80 vs. 17/71 on POD 1 and 17/80 vs. 31/71 on POD 2, all p<0.0001).



Mental Health Status

No significant differences in HADS-A scores were observed between the two groups (ERAS group: -2.54 ± 3.21 points; control group: -2.41 ± 3.20 points, p = 0.8892) (Table 6, Figure 4). The proportion of patients achieving a clinically relevant improvement (MCID) was also similar in both groups (ERAS group: 69% (55 cases); control group: 59% (47 cases), p = 0.7381).


Table 6 | Analysis of Hospital Anxiety and Depression Scale (HADS).






Figure 4 | Distribution of changes in HADS-anxiety (A) and HADS-depression (B) scores at hospital admission and discharge stratified by group allocation.



Similarly, no significant differences in HADS-D scores were observed between the two groups (ERAS group: -3.48 ± 3.73 points; control group: -3.61 ± 3.53 points, p = 0.5151) (Table 6, Figure 4). The proportion of patients achieving a clinically relevant reduction in HADS-D scores was comparable between groups (ERAS group: 83% (59 cases); control group: 76% (54 cases), p = 0.7445).



Surgical Start Time

Similar to the article by Sean et al. (8), we set the cut-off point as 2 PM. The demarcation of the 2 PM start time was not arbitrary, but based on the inherent shift changes that impact operating room staff, including nursing, surgical technologists, and anesthetists. In our current study, we did not observe the effect of surgical start time on total hospital cost. However, we noticed that the total LOS in ERAS group was significantly shorter than that in control group (P<0.0005) for the early cohort. There was no difference for the later cohort. As for the post-op LOS, our data demonstrated that the post-op LOS in ERAS group was also shorter than that in control group in both early cohort (p<0.0001) and later cohort (p=0.0048) (Figure 5 and Supplementary Tables 1–3).




Figure 5 | The effect of surgical start time (before or after 2 PM) on both groups on Total Hospital charge (A), Total LOS (B) and Post-op LOS (C). *p < 0.05. LOS, Length of stay.






Discussion

The present study has demonstrated a successful implementation of neurosurgical ERAS protocol for glioma patients. To the best of our knowledge, this is the first real-world study describing the neurosurgical ERAS protocol for glioma patients undergoing elective craniotomy. Our results confirmed that this protocol was particularly beneficial for this subgroup of patients, as it shortened postoperative LOS, accelerated rehabilitation recovery and reduced overall complications.

Interestingly, although the ERAS protocol is a quality improvement program, it also influenced the overall survival or progression-free survival, which was mainly determined by the disease features and treatment strategy. Since the initial application of neurosurgical ERAS protocol (4), our ERAS protocol has been continually refined based on the feedback from patients and medical personnel for constant quality improvement. In addition, new series of ERAS protocols for specific diseases subgroups have been developed based on the latest updates from related fields. In the current study, the ERAS protocol for glioma patients was amended to more closely reflect the characteristics of glioma patients, such as mental and neuropsychological changes.

Although the successful application of the ERAS protocol requires a high compliance rate (9, 10), previous studies on the neurosurgical ERAS protocol seldom describe the overall compliance status or partially report results of certain ERAS measures (2, 11). The current registry study tracked the completeness of the ERAS protocol for each patient and obtained 80% compliance for the 20 key measures of the ERAS protocol, including both patient-dependent and provider-dependent measures. Evidence has implied that improved compliance with the ERAS protocol was associated with the improved short-term benefits, such as fewer post-op complications and better functional recovery (12). It is noteworthy that the ERAS protocol was designed as a multidisciplinary clinical procedure, where a single measure cannot achieve cost-effective results without other coordination measures. For instance, early ambulation requires early urinary catheter removal, sufficient postoperative analgesic treatment, PONV prophylaxis, nutritional support and assistance and guidance of the medical staff. Therefore, a high compliance rate in the ERAS group was fundamental for the successful implementation of the ERAS protocol.

As one of the major preoperative management measures, a shorter fasting time with oral carbohydrate intake 2 h before surgery is recommended according to the American Society of Anesthesiologists (ASA) guidelines (13). Our previous study and other similar reports confirmed the benefits of shorter fasting time, including reduced insulin resistance and improved subjective feeling of hunger, thirst and fatigue after surgery (3, 4, 11). In our current study, no cases of aspiration or vomiting were reported during surgery. Similarly, early oral intake to resume gastrointestinal function was encouraged as another key ERAS measure. Together with rapid strategies of postoperative de-escalation of intravenous fluids, early restoration of a normal diet could accelerate perioperative rehabilitation (14, 15). Our current results confirmed this measure to be safe and effective for glioma patients. In addition, early mobilization can reduce the risk of pulmonary complications and DVT, as well as improve cardiopulmonary function (16, 17). In our case series, patients in the ERAS group were encouraged to ambulate on the first day after the operation, which was associated with shorter LOS and better rehabilitation.

Our results also indicated that postoperative LOS and total LOS were significantly reduced in the ERAS group compared to the control group, which is consistent with our previous study and other researches (2, 4). However, no significant differences were observed between the two groups regarding total hospital expenses, although the trend suggested potential economic benefits for the ERAS group. This could be due to the limited sample size. Moreover, no significant difference in postoperative complications (surgical and non-surgical) and KPS scores at discharge between the two groups, underscoring the safety of ERAS protocol.

Previous studies evaluated anxiety and depression in the context of the ERAS protocol in the perioperative period. A post-hoc analysis of a previous ERAS study found no effect on preoperative reduction of anxiety and depression measures (18). Another clinical study on total hip arthroplasty did not find any impact of anxiety or depression on functional outcome (19). Since the concept of ERAS involves early mobilization 2-3 h after surgery and early ambulation on POD 1, patients with a strong personalities showed higher pain levels and poorer functional outcomes. Another consideration could be preoperative patient communication and education, which had a positive impact on the patient’s psychological status, reducing the patient’s worries and fears before surgery, thereby resulting in lower admission anxiety and depression scores.

Unlike other previous studies, our results did not support the idea that the later surgical start time (later cohort) itself might associated with longer LOS or higher cost (8, 20). Specifically, our results showed similar total cost, total LOS or post-op LOS inside the same group regardless of surgical start time. However, our results highlighted that the implementation of ERAS might contribute to the reducing the total LOS and post-op LOS, especially for the early surgical start time cases. Considering the mixed factors influencing operation room conditions, such as staff shifting and anesthetic handoffs, we might suggest that the surgical start time might be an important indicator or co-variate to enlarge the effect of ERAS protocol for each case.

A major limitation of the current study is that it was not conducted as a randomized study. However, based on our previous experience, considering the nature of ERAS protocol as a medical care improvement strategy, blinding to study participants and medical care providers could only partially achieved and bias was inevitable. In addition, although our results support the efficacy and safety of the ERAS protocol for glioma patients, due to the differences in medical environment, healthcare provider system and socioeconomic status, multicenter studies with a larger sample size are needed to evaluate its generalizability to different healthcare systems and levels of patient care.



Conclusion

We have modified and implemented a neurosurgical ERAS protocol for glioma patients. Our results suggest that the application of the ERAS protocol has significant benefits over conventional neurosurgical care. The ERAS protocol accelerated postoperative recovery without additional perioperative risk. However, larger multicenter collaborative research is warranted to evaluate this protocol in relation to the patient’s prognosis.
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