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ABSTRACT
Background: Hip fracture carries high morbidity in elderly patients. While most efforts focus on single perioperative measures, we assessed whether a coordinated multidisciplinary algorithm could reduce early postoperative complications (EPOCs) within 7 days. The Advise, Surgery, Analgesia, Pharmacology (ASAP) bundle comprises four components: ortho-geriatric consultation (Advise), surgery within 12 hours (Surgery), supra-inguinal fascia iliaca block (SFIB; Analgesia), and chronic therapy adjustment (Pharmacology). 
Methods: In this retrospective single-center interrupted time-series cohort study (January 2017-December 2022), we compared hip fracture patients admitted pre-ASAP (1 Jan 2017-31 Dec 2019) versus post-ASAP (1 Jan 2020-31 Dec 2022). Following ethics approval, we conducted interrupted time-series analysis of seven-day EPOC rates, stratified by Clavien-Dindo grades: all complications (1-4) and major complications (2-4). Kaplan-Meier and Cox proportional hazards models evaluated cumulative incidence and hazard ratios (HRs).
Results: Among 845 patients (480 pre-ASAP, 365 post-ASAP), all EPOCs declined immediately after ASAP implementation (p=0.032) with a sustained negative trend over time (p=0.008), and major EPOCs also decreased immediately (p<0.001) with a flatter subsequent trend (p=0.20). Kaplan-Meier curves confirmed a lower cumulative incidence of both all and major complications post-ASAP (log-rank p<0.001). ASAP reduced the hazard for all EPOCs (HR 0.58; 95% CI 0.49-0.68) and major EPOCs (HR 0.60; 95% CI 0.49-0.73). Early surgery and SFIB each independently predicted fewer all EPOCs, whereas only early surgery predicted fewer major EPOCs.
Conclusions: Implementation of the ASAP bundle significantly lowered early postoperative complications after hip fracture surgery. Early surgery and SFIB were especially impactful, supporting broader adoption of multimodal perioperative strategies in elderly patients.
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KEY POINTS SUMMARY
· Question: Does implementing a multidisciplinary ASAP bundle (Advice, accelerated Surgery ≤12 h, Analgesia with supra-inguinal fascia iliaca block, Pharmacology review) reduce early postoperative complications after hip fracture surgery?
· Findings: Implementation of the multidisciplinary Advice, Surgery, Analgesia, and Pharmacology (ASAP) bundle produced an immediate reduction in all and major early postoperative complications and a sustained downward trend for all complications.
· Meaning: A multimodal protocolized perioperative bundle is associated with clinically meaningful reductions in early complications after hip fracture.
· 

INTRODUCTION
As populations around the world continue to age, the incidence of hip fracture among elderly patients is poised to rise substantially.1 Proximal femur fractures not only precipitate significant disability and loss of autonomy but also impose a growing burden on healthcare systems. These injuries typify non-elective surgical emergencies in frail older adults, whose diminished physiologic reserves complicate perioperative management.2, 3
Early surgical intervention is widely recognized as the cornerstone of effective treatment, reducing the risk of severe complications associated with conservative management.4 Despite prompt surgery, however, elderly patients often experience a marked decline in functional status and health-related quality of life. Reported one-year morbidity and mortality rates following hip fracture vary globally but remain alarmingly high.5, 6
To date, numerous trials have examined individual facets of perioperative care—such as comparing spinal versus general anesthesia or evaluating specific analgesic techniques—without demonstrating clear superiority of any single intervention in improving postoperative outcomes or autonomy.7, 8 Within this context, enhanced recovery after surgery (ERAS) concepts have recently been adapted to hip-fracture care, but proposed protocols remain heterogeneous and incompletely defined; the ASAP bundle was therefore conceived as a focused, hip-fracture–specific optimization bundle embedding key ERAS principles such as early surgery, regional and multimodal analgesia, careful medication management, and multidisciplinary coordination.9 Building on studies showing that coordinated perioperative pathways and multimodal orthogeriatric co-management can improve outcomes in older hip-fracture patients, we hypothesized that a comprehensive, multimodal strategy targeting several dimensions of care simultaneously would yield greater benefits.10-14 
In this single-center interrupted time-series (ITS) cohort study, we evaluated the impact of a multimodal perioperative optimization protocol, the "ASAP" bundle, on early postoperative complications (EPOCs) occurring within the first seven days after surgery. The ASAP acronym summarizes four coordinated interventions: A - Advice: systematic ortho-geriatric consultation; S - Surgery: reduction of time to operative repair; A - Analgesia: preoperative peripheral nerve block; P - Pharmacology: adjustment of chronic medications to minimize anticholinergic burden. 
Our primary aim was to determine whether implementing the full ASAP bundle reduced overall EPOCs, encompassing both all-confounded and major events. As a secondary objective, we assessed during the first seven postoperative days how the introduction of one, two, three, or all four individual components influenced EPOC rates, and identified which intervention(s) most significantly contributed to reductions in both all-confounded and major EPOCs.


METHODS
Study design and setting
This was a retrospective, single-center, ITS cohort study conducted at the University Hospital of Liège (CHU de Liège, Belgium). We compared outcomes between consecutive adults with hip fracture treated before and after implementation of the ASAP multimodal perioperative optimization bundle. The pre-ASAP period extended from 1 January 2017 to 31 December 2019, and the post-ASAP period from 1 January 2020 to 31 December 2022.
Ethical approval
The original protocol was approved by the institutional Ethics Committee (Comité d’Éthique Hospitalo-Facultaire Universitaire de Liège; President: Prof. D. Ledoux; IRB number 707) as a prospective before-after cohort. Preliminary analyses were judged statistically inconclusive, underpowered, and potentially biased by disruptions related to the coronavirus disease 2019 (COVID-19) pandemic. The Ethics Committee subsequently approved an amended retrospective analysis over the extended study period and waived the requirement for individual informed consent. The study was prospectively registered on 22 December 2021 in the ICH-GCP Clinical Trials Registry (NCT04771364), with Michele Carella as principal investigator. A no-objection statement was obtained before data extraction and analysis. The study was conducted in accordance with the Declaration of Helsinki and reported according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for observational cohort research.

Population
We performed an ITS analysis of consecutive patients aged ≥60 years admitted to the Liege University Hospital with a primary diagnosis of hip fracture between January 1, 2017, and December 31, 2022. We restricted the analysis to patients aged ≥60 years because, from this age onwards, hip fractures are predominantly osteoporotic fragility fractures related to low-energy trauma, whereas younger patients more frequently sustain hip fractures after high-energy injuries and constitute a more heterogeneous etiologic group.15, 16 Only patients with unifocal hip fractures undergoing osteosynthesis or hemiarthroplasty were included. Exclusion criteria were age <60 years; polytrauma (defined as more than two fractures or concomitant splanchnic injury requiring surgical intervention); death before surgery; and cases managed nonoperatively or with a Girdlestone procedure. 
Patients were assigned to the Pre‑ASAP cohort (January 1st, 2017 to December 31th, 2019) or the Post‑ASAP cohort (January 1st, 2020 to December 31th, 2022), reflecting implementation of the multidisciplinary ASAP bundle on January 1st, 2020. An independent anesthesiologist, blinded to study hypotheses, collected clinical variables and outcomes. For individuals with multiple admissions, only the first hospitalization was analyzed. According to standard institutional practice, all patients received intraoperative tranexamic acid (15 mg Kg⁻¹) and dexamethasone (0.15 mg Kg⁻¹).

Multidisciplinary Algorithm
The ASAP cohort was managed according to a series of logistical, organizational, and clinical protocol changes—each previously shown to improve the care trajectory of elderly hip-fracture patients (Figure 1). Four complementary interventions were deployed to align our institutional practice with international perioperative standards and to reduce both postoperative complications and the physiological stress of surgery and hospitalization. Adaptations to patients’ chronic medications were guided by recommendations from our orthogeriatric team.
Ortho-geriatric consultation
All ASAP-period patients were eligible for orthogeriatric consultation within 48 hours of fracture. The attending anesthesiologist determined case‐by‐case which patients would benefit, based on age (≥65 years) and a Nottingham Hip Fracture Score (NHFS) ≥5,17 as well as overall frailty, the presence of existing geriatric assessments, cognitive status, living situation, and the feasibility of obtaining a consultation within 48 hours of admission. During hospitalization, the ortho-geriatric team collaborated continuously with surgery and anesthesia stakeholders, though the latter remained the primary clinical reference. For our retrospective audit, we considered this element fulfilled if patients meeting the age/NHFS criteria received consultation, or if younger, low-risk patients appropriately did not.
Expedited surgery
A close partnership between the anesthesia and surgical teams ensured that every ASAP-period patient proceeded to operative repair as soon as feasible—targeting surgery within 12 hours of emergency department admission. Delays for senior surgeon availability, off-hours scheduling, weekend operations, or antiplatelet/anticoagulant considerations were not permitted if they did not directly improve patient outcomes.
Opioid-sparing analgesia
Postoperative pain management was optimized by adding a longitudinal supra-inguinal fascia iliaca compartment block (SFIB) to our standard multimodal regimen (paracetamol, nonsteroidal anti-inflammatory drugs, and rescue opioids). Under ultrasound guidance with a 5-18 MHz linear probe, 40 mL of 0.375 % ropivacaine was deposited beneath the fascia iliaca, as described by Desmet et al.18 Prior to the ASAP bundle, no perioperative peripheral nerve blocks were performed.
Anticholinergic burden reduction
Chronic medications with known anticholinergic risk (per the Anticholinergic Risk Scale, ARS) were reviewed and adjusted—either by discontinuation, dose reduction, or substitution—within the first seven days of hospitalization. Common medications without anticholinergic activity—such as cardiovascular agents (e.g., antihypertensives, beta-blockers, diuretics)—were exempt.19-21 This element was deemed adherent if patients with ARS ≥1 underwent at least one appropriate adjustment (and no perioperative anticholinergic drugs were used), or if those with ARS <1 had no modifications.
We classified each patient as adherent or non-adherent to the ASAP bundle based on the following: Ortho-geriatric Advice, adherent if: (a) Age ≥65 years & NHFS ≥5 and consultation received within 48 h; or (b) Age <65 years & no consultation (no indication). Timing of Surgery, adherent if surgery occurred ≤12 h after emergency department admission. Analgesia via SFIB, adherent if a SFIB was administered pre-incision. Therapeutic Adaptation, adherent if: (a) ARS ≥1 and at least one appropriate medication adjustment and no perioperative anticholinergic drugs; or (b) ARS <1 and no modifications made.

Recorded parameters and outcomes
Demographic variables included age, weight, height, body mass index (BMI), and the American Society of Anesthesiologists (ASA) physical status classification. Risk stratification for postoperative complications and mortality was assessed using the Nottingham Hip Fracture Score (NHFS) and the Revised Cardiac Risk Index (Lee's index).17, 22 The presence of dementia, formally diagnosed by a neuro-geriatrician prior to the traumatic event, was also recorded.
The time from admission to the emergency department to skin incision was recorded in minutes and converted in hours. Perioperative hemodynamic adverse events were defined as episodes of hypotension—non-invasive mean arterial pressure <65 mmHg lasting at least 5 minutes—and the administration of inotropic or chronotropic agents. All such events were documented for subsequent analysis.
Serum creatinine and hemoglobin were measured on admission (preoperative values) and 1 day postoperatively. Acute kidney injury (AKI) was defined according to Kidney Disease Improving Global Outcomes criteria, based on changes in serum creatinine: an increase ≥0.3 mg/dL within 48 hours or ≥1.5 times baseline within 7 days. Urine-output criteria were not applied because these data were not consistently available in the retrospective dataset. In accordance with our institutional transfusion policy, red blood cell transfusion was generally considered when hemoglobin fell below 8 g·dL⁻¹, considering each patient’s clinical status and comorbidities. All red blood cell transfusions were recorded. Although transfusion is classified as a grade 2 complication under the Clavien-Dindo classification, it was not included in the definition of early postoperative complications (EPOCs) for this analysis. This exclusion was predefined due to the inherently high transfusion rate in this population, influenced by the hemorrhagic nature of femoral fractures and the common presence of chronic anemia in elderly patients. The transfusion rate was instead analyzed as a separate secondary outcome.
The primary outcome of this prospective ITS analysis of retrospectively collected data was the incidence of EPOCs within the first 7 postoperative days. Secondary outcomes included postoperative pain 24 hours after surgery, hospital length of stay, 30-day mortality, and red blood cell transfusion rate. EPOCs were classified using the Clavien-Dindo system into minor complications (grade 1: nausea, diarrhea, constipation, urinary retention, heartburn) and major complications (grades 2-4: cerebrovascular events, postoperative delirium, myocardial ischemia, arrhythmias, heart failure, AKI, deep vein thrombosis or pulmonary embolism, and pulmonary or urinary tract infections).23

Statistical Analysis
Categorical variables were summarized as counts and percentages, while continuous variables were reported as means with standard deviations or medians with interquartile ranges, depending on distribution. Comparisons between pre-ASAP and post-ASAP cohorts were made using a Fisher’s exact test or chi-square test for categorical variables, and a Student’s t-test or Wilcoxon-Mann-Whitney test for continuous variables, as appropriate. To assess the effect of the ASAP bundle on EPOCs, an ITS analysis using segmented linear regression was performed. For this analysis, the outcome was defined as the monthly proportion of patients experiencing at least one EPOC (number of patients with ≥1 EPOC divided by the total number of eligible patients operated during that month), expressed as a percentage. ITS analysis was chosen because it is particularly well suited to evaluating the impact of a system-level intervention introduced at a specific point in time, while accounting for pre-existing temporal trends in the outcome. This model estimated both the immediate level change (intercept) after ASAP implementation and any change in trend (slope) between the pre- and post-intervention periods. Clinically, the level change represents an abrupt shift in the average outcome immediately after ASAP was introduced, whereas the slope change reflects a more gradual improvement or deterioration in outcomes over time during the post-intervention phase. The effect estimates and 95% confidence intervals (CIs) were reported to quantify these changes.
Additionally, Kaplan-Meier survival curves were constructed to estimate the cumulative probability of experiencing early all confounded (Clavien-Dindo 1-2-3-4) and major (Clavien-Dindo 2-3-4) postoperative complications within the first 7 postoperative days. Time-to-event methods were preferred over simple proportions so that both the occurrence and timing of complications within the 7-day postoperative window were considered. Differences in survival distributions between groups were evaluated using the log-rank test. Cox proportional hazards models were then fitted to assess the effect of the ASAP intervention, as well as the individual contribution of each of its components, on the hazard of developing complications. These models yielded adjusted hazard ratios, which can be interpreted as the relative instantaneous risk of developing a complication in patients managed with versus without the intervention, after accounting for relevant covariates. 
To analyze quantitative adherence to the ASAP bundle (i.e., implementation of 1, 2, 3, or all 4 components), a Cox proportional hazards model for trend was applied. In this model, the number of implemented components was treated as an ordinal predictor, enabling us to explore a potential dose-response relationship between the intensity of ASAP implementation and the risk of EPOCs. A separate, qualitative analysis was performed to evaluate the individual effect of each component of the bundle on the risk of EPOCs, adjusting for potential confounders. This dual approach (quantitative trend analysis and qualitative component-wise analysis) was intended to help readers distinguish between the global effect of the pathway and the specific contribution of its individual elements.
An a priori power analysis was conducted based on the assumption that a 25% relative reduction in the overall EPOC rate would constitute the minimum clinically relevant effect size associated with ASAP implementation. This target reduction was defined a priori in consultation with clinicians as the smallest change that would be considered meaningful in this high-risk population. Based on unpublished quality improvement data, a baseline EPOC rate of 40% (Clavien-Dindo grade 1 or higher) was assumed. Under these assumptions, a total sample size of 686 patients (assuming equal group sizes) would provide 90% power to detect the specified difference at a two-sided alpha level of 0.05. All statistical analyses were performed using R software (version 4.1.0; R Foundation for Statistical Computing, Vienna, Austria). Further details on model specification, diagnostics, and sensitivity analyses are available in the Supplementary Digital Content (S1).


RESULTS
Overall, implementation of the ASAP bundle was associated with higher adherence to its four components, shorter time to surgery, and fewer early postoperative complications. The study was conducted in June 2025. Between January 1st, 2017 and December 31st, 2022, 896 patients with hip fracture were admitted to the emergency department at the Liege University Hospital. According to the exclusion criteria, data from 51 patients was excluded as detailed in Figure 1.
During the study period, a total of 845 patients met the inclusion criteria, with 480 in the pre-ASAP cohort and 365 in the post-ASAP cohort. The demographic and surgical characteristics of the two cohorts were broadly similar at baseline, including age, sex, body mass index (BMI), ASA physical status, documented comorbidities (e.g., diabetes, dementia), NHFS, or preoperative ARS scores, (Table 1). However, there was a modest increase in the proportion of patients with low functional reserve (METs ≤4) in the post-ASAP cohort, suggesting that this group may have been slightly frailer at baseline. 
Statistically significant higher intraoperative utilization of ephedrine and norepinephrine and a trend towards reduction in atropine administration (not statistically significant) was observed. This may reflect a secondary effect of pre- and post-operative pharmacology medication management to minimize anticholinergic burden (Table 1).

ASAP bundle Adherence
Adherence to the four ASAP components increased substantially after implementation of the pathway and adherence to the components of the ASAP bundle was markedly higher in the post-ASAP cohort. Specifically, 72.1% of patients in this group received a peripheral nerve block before skin incision, compared to only 2.3% in the pre-ASAP group (p<0.001). 
Median time to surgery in hours [IQR] fell from 16.3 [6.2–42.3] to 11.5 [5.6–19.1], pre-ASAP and post-ASAP, respectively (p<0.001), with the proportion operated on within 12 hours rising from 36.5% to 43.6% (p=0.04). 
Although the proportion of patients meeting criteria for ortho-geriatric consultation (age ≥65 years and NHFS ≥5) was similar pre- versus post-ASAP (56.5% vs 55.1%, p=0.67), early consultation—defined as occurring within 48 hours— increased more than threefold from 6.3% to 20.8% (p<0.001).
Likewise, pharmacological adaptations, required in 47.5% vs 40.1% (p=0.06) of cases for ARS ≥1, were implemented in 2.1% pre-ASAP versus 20.6% post-ASAP (p<0.001). Taken together, these findings indicate that, after ASAP implementation, a greater proportion of patients received timely surgery, structured geriatric input, nerve block-based analgesia, and targeted reduction of anticholinergic burden.

Early Postoperative Complications
The primary analyses consistently showed fewer early postoperative complications in the post-ASAP cohort. The impact of the ASAP bundle on EPOCs was evaluated using segmented linear regression within an ITS framework. For all EPOCs (Figure 2A), ASAP implementation was associated with a statistically significant immediate decrease in the monthly proportion of patients experiencing at least one complication (p=0.03), followed by a sustained downward trend over the post-intervention period (p=0.008). For major EPOCs (Figure 2B), the ITS analysis similarly demonstrated a significant immediate drop after ASAP introduction (p = 0.001), while the subsequent trend over time was flatter (p = 0.2). Full model coefficients, confidence intervals, and diagnostic statistics (including tests for autocorrelation and heteroskedasticity) are provided in Supplementary Digital Content (S1 and S2) to document the robustness and reproducibility of these findings. Table 2 summarizes the rates of all confounded and major EPOCs, and the full range of recorded perioperative outcomes.
Spinal anesthesia was used more frequently after ASAP implementation (Table 1). In sensitivity analyses additionally adjusting the segmented regression for spinal anesthesia (monthly proportion), the ASAP-associated level change remained significant for both all EPOCs (p=0.03) and major EPOCs (β=−0.241, SE 0.065; p<0.001), while the spinal anesthesia covariate itself was not significant for either all EPOCs (p=0.59) or major EPOCs (p=0.94).
Survival analysis using Kaplan-Meier curves confirmed a lower cumulative incidence of EPOCs in the post-ASAP group compared to the pre-ASAP group, with significant differences in both all complications (log-rank p<0.001) (Figure 3A) and major complications (log-rank p<0.001) (Figure 3B). Expressed in more intuitive terms, patients managed with the ASAP bundle had a substantially lower risk of developing complications within the first postoperative week. These results were further supported by Cox proportional hazards models. For all EPOCs, ASAP implementation was associated with a hazard ratio (HR) of 0.58 (95% CI: 0.49-0.68, p<0.001), and for major EPOCs, HR=0.6 (95% CI: 0.49-0.73, p< 0.001), indicating a substantial protective effect.
We also observed a clear dose–response pattern: patients who received more components of the ASAP bundle experienced fewer complications. When stratifying by the number of ASAP bundle items applied (1-4), a dose-response trend was observed. The log-rank test for trend was highly significant for both all (p<0.001) (Figure 4A) and major complications (p<0.001) (Figure 4B). Cox models showed decreasing risk of all EPOCs with greater bundle adherence (HR=0.43; 95% CI: 0.37-0.5), and for major EPOCs (HR=0.37; 95% CI: 0.31-0.45), again both statistically significant (p<0.001). Detailed hazard ratios by adherence category are provided in Supplementary Digital Content (S2).

Effect of individual ASAP components
In the qualitative analysis of individual ASAP components, early surgery and SFIB were effective in reducing all EPOCs (HR for early surgery=0.56; 95% CI: 0.41-0.77, p=0.002; HR for SFIB=0.57; 95% CI: 0.42-0.78, p<0.001) (Figure 5A). However, for major EPOCs, only early surgery showed a significant effect (HR=0.54; 95% CI: 0.37-0.79, p=0.002), while SFIB did not reach statistical significance (p=0.108) (Figure 5B). Interestingly, both ortho-geriatric advice and therapeutic adaptation were associated with a statistically significant reduction in both all and major complications. For all EPOCs (Figure 5A), the HR were 0.45 (95% CI: 0.34-0.59, p<0.001) for ortho-geriatric advice and 0.43 (95% CI: 0.31-0.58, p<0.001) for therapeutic adaptation. For major EPOCs (Figure 5B), the HR were 0.30 (95% CI: 0.21-0.42, p<0.001) for ortho-geriatric advice and 0.25 (95% CI: 0.18-0.36, p<0.001) for therapeutic adaptation. These findings suggest that timely surgery, structured geriatric involvement, nerve block-based analgesia, and reduction of anticholinergic burden act in a complementary manner to reduce postoperative complications; full model outputs are available in Supplementary Digital Content (S2).

Secondary Clinical Outcomes
Pain control was also significantly improved, with the pre-ASAP cohort reporting higher median [IQR] NRS pain scores compared with the post-ASAP group (6 [4-7] vs 3 [2-4], for pre-ASAP and post-ASAP, respectively; p<0.001) 24 hours after surgery. 
Thirty-day postoperative mortality was numerically lower in the post-ASAP cohort compared with the pre-ASAP cohort (6.0% vs 9.2%), although this difference did not reach statistical significance (p=0.10). Similarly, the proportion of patients requiring postoperative red blood cell transfusion was slightly lower after ASAP implementation (20.8% vs 23.5%), but this difference was also not statistically significant (p=0.36), suggesting that the pathway did not have a clear impact on these two secondary outcomes (Table 2).



DISCUSSION
ASAP bundle Adherence
In this single center, ITS cohort study, we demonstrated that implementation of the ASAP bundle significantly reduced EPOCs in elderly patients undergoing surgery for hip fracture. The effect was observed both as an immediate reduction following implementation and as a sustained trend over time, particularly for all EPOCs during the first seven postoperative days. These findings were robust and confirmed through ITS analysis adjusted with Newey-West standard errors to account for autocorrelation and heteroskedasticity (Supplementary Digital Content S2). The benefit was also evident in Kaplan-Meier survival curves and Cox regression models, confirming a protective association between ASAP and reduced postoperative morbidity.

Early Postoperative Complications
Notably, this reduction in EPOCs did not uniformly extend to all major complications when analyzed separately. The ITS model showed a statistically significant immediate level change for major EPOCs, but the trend did not significantly decline over time. This distinction suggests that the ASAP bundle’s principal value may lie in mitigating less severe, yet frequent, postoperative events—such as inadequate pain control and opioid-related adverse effects—which contribute substantially to overall patient burden and healthcare costs.24, 25 

Effect of individual ASAP components
Our results underscore the specific efficacy of two core components of the ASAP bundle: early surgical intervention and SFIB. Early surgery within 12 hours of admission was significantly associated with a reduction in both all and major EPOCs. This finding confirms existing evidence showing that reduced time to surgery is a modifiable factor for improving outcomes in patients with hip fracture.26, 27 Our data support the hypothesis that the optimal timing may lie between 6- and 12-hours post-admission, consistent with recent literature discouraging excessively early surgery (<6 hours) due to increased physiological stress and perioperative risk.27 For generalizability, we acknowledge that a 12-hour target is context-dependent and not feasible in all centers; our findings should therefore be interpreted as supporting the principle of performing surgery as early as safely achievable within, and ideally earlier than, the widely recommended 24–48-hour window, rather than advocating 12 hours as a universal standard.
The introduction of SFIB was also strongly associated with a lower incidence of all EPOCs. Pain scores decreased markedly in the post-ASAP cohort, and SFIB was associated with a 43% relative reduction in complication risk. While this effect did not extend to major EPOCs alone, the results support the use of regional analgesia in geriatric fracture care to facilitate opioid-sparing strategies and reduce complications related to systemic analgesics.10, 24, 25 Beyond analgesia, intraoperative blood pressure optimization has also been shown to reduce postoperative delirium in older hip fracture patients, underscoring the multifactorial nature of early postoperative complications and the need for comprehensive perioperative strategies.26
We observed a contemporaneous shift toward greater use of spinal anesthesia in the post-ASAP period, which may itself have contributed to the observed reduction in complications; however, the literature on whether anesthetic technique (spinal versus general anesthesia) independently improves postoperative outcomes after hip fracture remains conflicting and inconclusive, so this change in practice should be regarded as a potential but not clearly quantifiable co-intervention in our study.7, 8, 29, 30 Importantly, spinal anesthesia uptake was not an intended component of the ASAP bundle, and adjustment for spinal anesthesia in sensitivity analyses did not materially change the estimated ASAP effect, supporting the robustness of our findings to this concurrent practice change.
When examining the number of ASAP components applied, a clear dose-response trend emerged. Accordingly, the observed dose–response gradient reflects real-world partial implementation of the pathway, since patients could receive anywhere from 0 to 4 ASAP components and those with 0 components formed the reference group in our Cox models. However, our analysis also suggests that it is not solely the quantity of interventions, but the type and quality, that determine effectiveness. This aligns with Donabedian’s model of healthcare quality, which emphasizes that the structure and process of care delivery—not merely the number of interventions—are critical determinants of outcomes.31 Future studies should explore possible synergistic effects between components—for example, whether the benefit of early surgery is enhanced by concurrent analgesia or medication optimization.
In contrast, ortho-geriatric consultation and therapeutic adaptation yielded the greatest hazard reductions for major EPOCs (HR 0.30; 95% CI 0.21-0.42 and HR 0.25; 95% CI 0.18-0.36, respectively), underscoring the value of holistic geriatric consultation in preventing severe complications. However, our largely consultative model—rather than fully integrated geriatric co-management—may have attenuated their impact. Unlike settings with dedicated ortho-geriatric units, we relied on on-request consultations, which could have limited the scope of interdisciplinary interventions.12, 32
Findings relating to therapeutic adaptation and the ARS require a nuanced interpretation. While deprescribing is broadly encouraged, our data did not demonstrate a clearly beneficial impact from ARS-driven medication changes. In some cases, overly cautious or non-specific pharmacological adjustments in the perioperative period may destabilize frail patients. Future strategies may benefit from more refined, patient-specific risk stratification—potentially extending beyond ARS or incorporating frailty indices—to guide medication management more safely and effectively.13, 33

Limitations
This study reflects a single-center implementation with specific institutional protocols and patient demographics. As such, generalizability may be limited. Further validation in other settings is warranted to confirm broader applicability.
We did not define a formal wash-in period because all four ASAP components were already available and intermittently used before implementation, and the intervention primarily consisted of standardizing and intensifying the use of these existing measures rather than introducing entirely new practices—a choice we acknowledge as a limitation, since a brief implementation phase might still have influenced early post-ASAP outcomes.
There are several limitations to our study. First, although we assessed a comprehensive set of common complications, rare but serious events (e.g., mesenteric ischemia or drug-induced hepatitis) were not included. We arbitrarily excluded patients who died before surgery, because in the context of our relatively short preoperative waiting times such deaths were judged to reflect catastrophic events independent of the hip fracture itself or even the primary cause of both the fall and the fracture. This choice may have led to a slight underestimation of the overall event rate; however, only one patient met this criterion (a death within hours of admission due to a massive cerebrovascular event), so the impact on our estimates is likely negligible.  Second, the ortho-geriatric component was limited to consultation rather than continuous co-management, which may have attenuated its effectiveness.11, 31 Third, although the ITS design and statistical adjustments improved internal validity, this approach remains susceptible to unmeasured secular trends or co-interventions occurring alongside ASAP implementation. As a quasi-experimental method, ITS strengthens causal inference compared to simple pre-post analyses but can still be affected by temporal confounding.34 These factors may have influenced outcomes independently of the intervention. Additionally, while Cox models indicated associations between individual ASAP components and outcomes, these findings should be interpreted cautiously due to limited sample size and reduced statistical power in stratified analyses. Mortality outcome was likely underpowered and may also has been confounded by the COVID-19 pandemic, which disproportionately affected older populations. The low event rate and missing data further limit the reliability of conclusions regarding postoperative mortality.
While this study focused on reducing postoperative complications, future research should also assess whether such interventions improve functional recovery, independence, and quality of life—particularly important outcomes in elderly populations.
In summary, these findings demonstrate that a balanced combination of timely surgery, regional analgesia, geriatric co‐management, and targeted pharmacology is necessary: early surgery and SFIB effectively reduce all EPOCs, whereas ortho‐geriatric consultation and therapeutic adaptation exert the greatest protection against major EPOCs. Clinicians should exercise caution when modifying chronic medications in elderly patients, particularly those with neuropsychiatric regimens. These findings support the continued development of multimodal, interdisciplinary care pathways and call for large, multicenter trials to validate and refine such strategies.



SUPPLEMENTARY DIGITAL CONTENT

S1: Supplementary Methods. Detailed description of statistical procedures, including descriptive statistics, interrupted time-series modelling, survival and Cox regression analyses, sensitivity analyses, and sample size calculation.
S2 : Supplementary Results. Interrupted time-series analyses, model diagnostics, and survival analyses for early postoperative complications in the ASAP and standard-care cohorts.
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Table 1. Baseline and operative characteristics of pre-ASAP and post-ASAP cohorts.
	
	Pre-ASAP
	Post-ASAP
	P value

	Number of patients, n
	480
	365
	

	Demographic Characteristics
	
	
	

	Age (y; median [IQR])
	81 [71 - 88]
	81 [71 - 87]
	0.54

	Gender, n of women (%)
	333 (69.4)
	253 (69.3)
	1

	ASA classification, n (%)
	
	
	0.11

	I
	16 (3.3)
	5 (1.4)
	

	II
	312 (65)
	237 (64.9)
	

	III
	152 (31.7)
	121 (33.2)
	

	IV
	2 (0.5)
	0 (0)
	

	Weight (kg; median [IQR])
	63 [55 - 72]
	62 [55 - 71]
	0.97

	Height (m; median [IQR])
	1.65 [1.6-1.7]
	1.64 [1.6-1.7]
	0.57

	BMI (kg.m-2; median [IQR])
	23.1 [20.8-25.7]
	23.2 [20.8-25.7]
	0.68

	Medical preoperative conditions
	
	
	

	Lee’s Score, n (%)
	
	
	0.59

	0
	214 (44.6)
	179 (49.2)
	

	1
	160 (33.3)
	105 (28.8)
	

	2
	83 (17.3)
	62 (17)
	

	3
	21 (4.4)
	15 (4.1)
	

	4
	2 (0.4)
	2 (0.5)
	

	5 
	0 (0)
	1 (0.3)
	

	Diabetes, n (%)
	57 (11.9)
	42 (11.5)
	0.91

	NHFS (median [IQR])
	5 [4 - 6]
	5 [3 - 6]
	0.75

	Atrial fibrillation, n (%)
	81 (16.9)
	56 (15.4)
	0.39

	Alcohol chronic abuse, n (%)
	71 (14.8)
	54 (14.8)
	1

	Tobacco consumption, n (%)
	115 (24)
	90 (24.7)
	0.87

	Dementia, n (%)
	121 (25.2)
	75 (20.5)
	0.12

	Functional Status METs ≤ 4, n (%)
	236 (49.2)
	140 (38.4) 
	0.002

	Preoperative creatinine (mg dL-1; median [IQR])
	0.9 [0.7-1.2]
	0.9 [0.7-1.1]
	0.1

	Preoperative Hb (g dL-1; median [IQR])
	12.4 [11.2-13.4]
	12.5 [11.3-13.8]
	0.13

	Antiplatelet therapy, n (%)
	215 (44.8)
	148 (40.5)
	0.23

	Anticoagulant therapy, n (%)
	74 (15.4)
	53 (14.5)
	0.77

	ARS score
	
	
	0.41

	0 , n (%)
	271 (56)
	220 (60)
	

	1 , n (%)
	105 (22)
	67 (19)
	

	2 , n (%)
	104 (22)
	78 (21)
	

	Surgical characteristics
	
	
	

	Side, n of left side (%)
	233 (48.5)
	182 (49.9)
	0.73

	Intraoperative atropine, n (%)
	20 (4.2)
	9 (2.5)
	0.25

	Intraoperative ephedrine, n (%)
	264 (55)
	151 (41.4)
	<0.001

	Intraoperative norepinephrine, n (%)
	16 (3.3)
	81 (22.2)
	<0.001

	Type of anaesthesia, n of spinal (%)
	86 (17.9)
	190 (52.1)
	<0.001

	Hemiarthroplasty, n (%)
	147 (30.6)
	109 (29.9)
	0.82

	Intramedullary nail, n (%)
	248 (51.7)
	205 (56.2)
	0.21

	Dynamic Hip Screw, n (%)
	84 (17.5)
	47 (12.9)
	0.07

	Triple screw, n (%)
	1 (0.2)
	4 (1.1)
	0.17



Footnotes: n: number of patients; IQR: interquartile range; ARS: anticholinergic risk score; ASA: American Society of Anaesthesiologists Physical Status; BMI: Body Mass Index; NHFS: Nottingham Hip Fracture Score; METs: metabolic equivalent; SD: standard deviation; Hb: Haemoglobin circulating concentration. Student’s t-test and Mann-Whitney U test for continuous variables (normal and non-normal distribution); Fisher's exact or chi-squared tests for categorical variables and proportions.






























Table 2. Early Postoperative Complications (EPOCs) and secondary outcomes
	
	Pre-ASAP
	Post-ASAP
	P value

	EPOCs Grade 1
	
	
	

	PONV postop day 1 (n (%))
	172 (35.8)
	108 (29.6)
	0.06

	PONV postop day 2 (n (%))
	111 (23.1)
	37 (10.1)
	<0.001

	Constipation (n (%))
	193 (40.2)
	120 (32.9)
	0.02

	Diarrhoea (n (%))
	84 (17.5)
	36 (9.9)
	0.002

	Acute urinary retention (n (%))
	135 (28.1)
	64 (17.5)
	<0.001

	Heartburn (n (%))
	57 (11.9)
	26 (7.1)
	0.02

	EPOCs Grade 2/3/4
	
	
	

	Cerebrovascular events (n (%))
	8 (1.7)
	9 (2.5)
	0.41

	Postoperative Delirium (n (%))
	142 (29.6)
	75 (20.6)
	0.003

	Myocardial ischemia (n (%))
	8 (1.7)
	5 (1.4)
	0.73

	Postoperative arrhythmias (n (%))
	29 (6)
	12 (3.3)
	0.07

	Heart failure (n (%))
	17 (3.5)
	6 (1.6) 
	0.09

	DVT or PE (n (%))
	15 (3.1)
	10 (2.7)
	0.74

	AKI (n (%))
	84 (17.5)
	44 (12.1)
	0.03

	Pulmonary infections (n (%))
	68 (14.2)
	19 (5.2)
	<0.001

	Urinary infections (n (%))
	82 (17.1)
	41 (11.2)
	0.02

	Secondary outcomes
	
	
	

	30-days postoperative mortality (n (%))
	44 (9.2)
	22 (6)
	0.1

	Postoperative RBC transfusion (n (%))
	113 (23.5)
	76 (20.8)
	0.36



Footnotes: postop: postoperative; IQR: interquartile range; n: number. EPOCs: early postoperative complications during firs 7 days after surgery. Clavien-Dindo classification Grade 1 or Grade 2/3/4. PONV: postoperative nausea and vomiting. DVT: deep venous thrombosis; PE: pulmonary embolism. AKI: Acute Kidney Injury during first postoperative 7 days. RBC: red blood cells. Chi-squared tests for categorical variables and proportions.
Cerebrovascular events: acute ischemic or hemorrhagic stroke or transient ischemic attack diagnosed clinically and/or by brain imaging.
Postoperative delirium: acute disturbance of attention and cognition consistent with postoperative delirium, diagnosed clinically.
Myocardial ischemia: new clinical, ECG, or biomarker evidence of myocardial ischemia (including myocardial infarction).
Postoperative arrhythmias: new-onset or acutely decompensated supraventricular or ventricular arrhythmias requiring medical treatment and/or monitoring.
Heart failure: acute postoperative decompensated heart failure, either new-onset or exacerbation of pre-existing chronic heart failure, requiring specific therapy (e.g., intravenous diuretics, vasodilators, inotropes and/or non-invasive ventilation or higher-level care).
DVT or PE: objectively confirmed deep vein thrombosis (compression ultrasound) or pulmonary embolism (CT pulmonary angiography or equivalent imaging).
AKI: acute kidney injury defined by KDIGO creatinine criteria (increase ≥0.3 mg/dL within 48 h or ≥1.5 times baseline within 7 days).
Pulmonary infections: postoperative pneumonia or lower respiratory tract infection diagnosed clinically and/or radiologically and treated with antibiotics.
Urinary infections: symptomatic urinary tract infection diagnosed clinically and treated with antibiotics, with or without microbiological confirmation.





FIGURES LEGENDS

Figure 1. Patient pathway under the ASAP bundle, from emergency department admission through perioperative optimization to postoperative care and discharge, and STROBE flowchart of study cohort selection. STROBE Flowchart of study cohort selection and ASAP bundle implementation. STROBE = STrengthening the Reporting of OBservational studies in Epidemiology. The ASAP bundle comprises four coordinated components (advice, surgery, analgesia and pharmacology), applied along the patient journey. ASAP bundle. ASAP: advice, surgery, analgesia and pharmacology. SFIB: Supra-inguinal Fascia Iliaca Block. NHFS: Nottingham Hip Fracture Score. ARS: Anticholinergic Risk Scale

Figure 2. Interrupted time-series with 1-month intervals. The ASAP bundle was implemented at the beginning of 37th month. EPOCs: early postoperative complications during first 7-days after surgery. Monthly EPOC risk was modelled using segmented regression with 4-week intervals to estimate changes in level and trend before (pre-ASAP) and after (post-ASAP) implementation of the bundle. All EPOCs include Clavien-Dindo grade 1/2/3/4 complications (2A), while major EPOCs include only grade 2/3/4 (2B). The vertical line indicates the time of ASAP implementation; the “step” at this point represents the immediate change in the mean monthly EPOC rate (level effect), whereas the difference in slopes of the fitted lines before and after this point reflects the change in trend over time (trend effect).
  
Figure 3. Kaplan-Meier analysis to estimate patient’s cumulative risk of early postoperative complications (EPOC) during first 7-days. Curves compare pre-ASAP and post-ASAP cohorts and illustrate the cumulative incidence of complications over the first postoperative week. All EPOCs include Clavien-Dindo grade 1/2/3/4 complications (3A), while major EPOCs include only grade 2/3/4 (3B).

Figure 4. Dose–response analysis according to the number of ASAP components received (1–4), analyzed using Cox proportional-hazard models for all (Clavien-Dindo grade 1/2/3/4, 4A) or only major (Clavien-Dindo grade 2/3/4, 4B) early postoperative complications (EPOC) during first 7-days after surgery. 

Figure 5. Qualitative analysis performed regarding single ASAP items, analysed using Cox proportional-hazard models for all (Clavien-Dindo grade 1/2/3/4, 5A) or only major (Clavien-Dindo grade 2/3/4, 5B) early postoperative complications (EPOC) during first 7-days after surgery. This figure illustrates the individual association of each ASAP component with complication risk. Time to surgery: delay less than 12 hours. SFIB: supra-inguinal fascia iliaca block. Therapeutic adaptation: adaptation of the patient’s chronic therapy. Ortho-geriatric advice: orthogeriatric consultation during first 48 hours in the hospital.
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