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Background: Enhanced Recovery After Surgery (ERAS) has been extensively applied across numerous surgical specialties.
However, there remains a paucity of research regarding the implementation of ERAS in advanced age patients (>75 years) who
undergo InterTAN nail surgery for intertrochanteric femoral fractures (ITF). This study aimed to assess if our ERAS protocol improves
satisfaction and clinical outcomes in such patients.

Methods: This was a retrospective cohort study included advanced age patients who underwent InterTAN nail surgery. The ERAS
group included patients who underwent surgery between January 2022 and December 2024, while the non - ERAS group consisted of
those who had the same surgery between January 2019 and December 2023. Demographics, comorbidities, surgical details, ERAS
compliance, outcomes, complications, and length of stay (LOS) were evaluated.

Results: A total of 144 patients were included in the ERAS group and 135 in the non - ERAS group. Analysis of demographic data
showed no statistically significant intergroup differences. ERAS compliance was 100%. There were no significant differences between
the ERAS and non - ERAS groups in terms of operative side, anesthesia type, operating time, intraoperative blood loss, and
postoperative Visual Analogue Scale scores. Moreover, 30 - day follow - up revealed no significant differences in readmission rates
and mortality between the two groups. However, the LOS was significantly shorter in the ERAS group (5.68+2.34 days vs 6.54+2.04
days in the non - ERAS group; p = 0.03). The overall complication rate was also significantly lower in the ERAS group (10/144 vs 23/
135; P < 0.01).

Conclusion: In this cohort of advanced age patients with ITF managed via our ERAS program, it was evidenced that this program is
safe and can effectively reduce the LOS and the incidence of complications.
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Introduction

With the advancement of medical standards and the increase in life expectancy, China has emerged as one of the
countries with the largest elderly population and the most rapid population aging globally. The incidence of inter-
trochanteric femoral fracture (ITF) is rising annually. ITF is typically a low - energy injury, predominantly affecting
elderly patients with osteoporosis. It is considered one of the most debilitating types of osteoporotic fractures. Due to the
elevated risks of morbidity, mortality, and disability, it has earned the sobriquet “the last fracture of life”."* This fracture
is associated with elevated short - term and long - term all - cause mortality rates in both genders. In the first year
following the fracture, the mortality rate is three times higher than that of the general geriatric population.® Prolonged

immobilization often associated with ITF treatment is likely to increase the incidence of adverse clinical outcomes, such
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as infections and pressure sores.* Moreover, ITF in elderly patients has a significant societal impact. These patients are at
risk of: (1) being unable to return to their previous living situations; (2) requiring a higher level of care and supervision;
(3) experiencing a decline in quality of life; (4) having reduced mobility and ambulation; and (5) sustaining secondary
osteoporotic fractures, including a second or contralateral hip fracture.” Clinical guidelines recommend that reparative
surgery for ITF should be carried out within 24 to 48 hours of hospital admission.°

It is recognized that advanced age patients (=75 years) may have more severe comorbidities, functional deterioration
and psychological alterations.” These factors not only complicate the overall clinical situation but also present additional
challenges in the treatment process. Furthermore, these factors have been demonstrated to act as predictors for post-
operative adverse events.® The presence of these risk factors can lead to various complications, a prolonged length of stay
(LOS) in the hospital, and higher mortality rates.’

Enhanced Recovery After Surgery (ERAS) represents a comprehensive series of perioperative optimization strategies
grounded in evidence-based medical data. Its primary objective is to mitigate the physical and psychological traumatic
stress experienced by patients during the perioperative period. By doing so, ERAS effectively reduces the incidence of
complications and facilitates a more rapid postoperative recovery.'® Currently, ERAS is widely recommended and
implemented across a diverse range of surgical procedures.'''* The multi-faceted preoperative, intraoperative, and
postoperative measures incorporated within the ERAS protocol have the theoretical potential to decrease the occurrence
of complications associated with InterTAN nail surgery. Notwithstanding the growing adoption of ERAS in various
surgical contexts, the real-world benefits and safety profile of ERAS specifically in elderly patients (aged > 75 years)
undergoing InterTAN nail surgery remain largely unexplored. To the best of our knowledge, there is a paucity of data
regarding its practical implications in this particular patient population. Therefore, the overarching aim of the present
retrospective cohort study was to systematically evaluate the efficacy and safety of an ERAS program in optimizing the
perioperative outcomes of elderly patients with intertrochanteric femoral fractures (ITF) who underwent InterTAN nail

surgery.

Methods
Study Design and Data Collection

This study was a retrospective analysis of data sourced from our institution’s orthopedic surgical database. This database
comprehensively and meticulously records the detailed medical records of elderly patients (aged>75 years) who under-
went InterTAN nail surgery for ITF. The patients were divided into two groups: the ERAS group, consisting of those who
underwent the surgery between January 2022 and December 2024, and the non-ERAS group, which was matched for age
and sex and included patients who had the same surgery between January 2019 and December 2023. The surgeries in
both groups were carried out by the same surgical team, and the principles of surgical treatment adhered strictly to the
relevant clinical guidelines.” The non-ERAS group received treatment following traditional perioperative protocols. The
inclusion criteria for the study required that patients be diagnosed by two trauma specialists based on specific clinical
symptoms and signs, such as hip pain, shortening, and external rotation of the affected leg, as well as imaging
examinations. Exclusion criteria included patients with open fractures, metastatic pathological fractures, those who
were unable to walk independently prior to the fracture, and individuals who were unable to follow either verbal or
written instructions. Throughout all the surgeries, the concepts of precision and minimal invasiveness were consistently
applied.

The demographic characteristics, comorbid conditions, as well as operative and anesthetic details of the patients are
summarized in Table 1. The outcome measures analyzed in this study included treatment-related complications, LOS in
the hospital, postoperative pain levels, and the rates of 30-day readmission and mortality. All data were collected through
a manual review of the electronic medical records to ensure accuracy and completeness.

ERAS Program
The ERAS program was initially put forward and meticulously planned in 2017. The specific ERAS program tailored for

elderly patients (aged>75 years) undergoing intramedullary nail fixation surgery was developed by integrating
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Table | Patient demographics

Patient Demographics ERAS Non-ERAS P
Sample size 144 135

Age (years) 79.42+3.29 | 78.72+3.09 | 0.07
Female/Male 84/60 77/58 0.83
Body mass index 24.75%£3.59 | 24.75+347 | 0.99
CCL N 0.60
<2 96 86

>2 48 49

ASA grade (Il/11l, cases) 132/12 127/8 0.44
Pre-operative Hb 10.48+2.84 | 10.37+£2.71 | 0.76

Abbreviations: CCl, Charlson Comorbidity Index; ASA, Anesthesiologists
grades.

experiences from other ERAS projects and drawing upon the extensive clinical expertise of numerous specialists. The
core expert team was composed of anesthesiologists, trauma surgeons, nutritionists, physical therapists, internists,
geriatricians, and nurses.

Following the approval granted by the Ethical Committee for Human Subjects of the Xuanwu Hospital of Capital
Medical University (approval date: April 3, 2018; approval number: 2018086), the ERAS program for patients under-
going intramedullary nail fixation surgery was officially put into practice starting from January 2022.

The ERAS interventions employed in the current study were systematically categorized into three phases: preopera-
tive, intraoperative, and postoperative. The detailed measures and protocols for each phase are comprehensively
presented in Table 2, which provides a clear and organized overview of the entire ERAS program implementation.

Control Group

To evaluate the influence of the ERAS program on patient outcomes, we compared it with a control cohort of elderly
patients (aged>75 years) who underwent intramedullary nail fixation surgery. The surgeries in both groups were carried
out by the same surgical team.

In the non-ERAS group, patients were required to undergo preoperative fasting for at least 8 hours, and oral feeding
was initiated on the first postoperative day. Perioperative analgesia was prescribed based on the attending physicians’
clinical experience. Patient-controlled analgesia (PCA) was used, which consisted of sufentanil and other agents diluted
in 100 mL of saline. In contrast, the intraoperative measures implemented in the ERAS group were scarcely applied in
the non-ERAS group. Regarding the removal of the postoperative urinary catheter, the decision was made according to
the attending physicians’ discretion.

Statistical Analysis

All statistical analyses in this study were conducted using SPSS software, version 17.0 (SPSS, Inc., Chicago, IL, USA).
To assess the differences between the ERAS (Enhanced Recovery After Surgery) group and the non-ERAS group,
various statistical tests were employed for patient demographics, comorbidity data, baseline health indicators, and clinical
outcomes.

For the comparison of continuous variables, if the data were normally distributed, a Student’s ¢-test was used. In cases
where the data did not follow a normal distribution, the Mann—Whitney U-test was applied instead. To determine the
equality of variances between the ERAS and non-ERAS groups, an F-test was first conducted. If the variances were
found to be unequal according to the F-test results, the Satterthwaite two-sample #-test was utilized for the comparison.
Conversely, when the variances were equal, the standard two-sample #-test was employed.

For categorical variables, a chi-squared (y?) test was used to examine the associations between the groups. A p-value
less than 0.05 was considered statistically significant, indicating a meaningful difference between the ERAS and non-
ERAS groups.
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Table 2 ERAS Protocol

Variable

Pre-operative ERAS items

|.Patient education and counselling:

A nurse explained the pre- and postoperative stages of the ERAS procedure, the discharge criteria and the main scenarios that can occur early after
discharge

2.No prolonged fasting:

Eating was allowed until 6 hours before surgery

3.Fluid and carbohydrate loading:

A carbohydrate drink was allowed up to 2 hours before surgery

4.Preemptive analgesia:

75 mg pregabalin given orally the day before surgery

Intra-operative ERAS itemsl

5.Antimicrobial prophylaxis:

Antibiotic prophylaxis within | hour of incision

6.Tranexamic acid:

Tranexamic acid within 30 min of incision

7.Maintenance of normothermia:

Maintain the patient’s core body temperature within the range of 36-37°C

8.To avoid postoperative nausea and emesis

we use dexamethasone intraoperatively and ondansetron when necessary

Post-operative ERAS items

9.Early oral feeding:

This involved drinking water early after recovery from anesthesia, early feeding starting 6 hours

10.Early ambulation:

This involved physical therapy session on the day of surgery

I I.Early removal of bladder catheter

The bladder catheter was removed 24 hours after the surgery

12.Multimodal analgesia

For patients with a VAS score < 4, no analgesia or a minimal oral dose of non-opioid medications (such as acetaminophen, non-steroidal anti-
inflammatory drugs [NSAIDs], or gabapentin) was administered. For those with a VAS score of 4-6, oral or intravenous acetaminophen, NSAIDs,

or gabapentin was prescribed. When the VAS score was 2 7, opioid medications were used to effectively control pain.

Results

Demographics

The ERAS group comprised 144 patients, including 60 men and 84 women. Their mean age was 79.42 + 3.29 years, and
the mean body mass index (BMI) was 24.75 + 3.59. In contrast, the non-ERAS group consisted of 135 patients, with 58
men and 77 women. The mean age in this group was 78.72 + 3.09 years, and the mean BMI was 24.75 + 3.47.

Table 1 presents a detailed comparison of the baseline demographic characteristics and operative details between the
two groups. Notably, there were no statistically significant differences in the Charlson Comorbidity Index (CCI) scores,
which reflect the overall burden of comorbidities, nor in the American Society of Anesthesiologists (ASA) grades,
indicating a comparable preoperative health status in terms of fitness for anesthesia and surgery. Additionally, the
preoperative hemoglobin levels did not show any significant disparity between the ERAS and non-ERAS groups,
suggesting similar hematological conditions prior to the intervention.

Compliance with the ERAS Program

The ERAS program implemented in the current study consisted of 11 distinct intervention components. Remarkably, all
of these perioperative ERAS elements were uniformly applied in 100% of the cases, as comprehensively illustrated in
Table 3.
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Table 3 ERAS Pathway Compliance

Compliance with the ERAS Program
Variable n (%)
Pre-operative ERAS items

Patient education and counselling | 144 (100)
No prolonged fasting 144 (100)
Fluid and carbohydrate loading 144 (100)
Preemptive analgesia 144 (100)
Intra-operative ERAS items

Antimicrobial prophylaxis 144 (100)
Tranexamic acid 144 (100)
Maintenance of normothermia 144 (100)
To avoid postoperative nausea 144 (100)
Post-operative ERAS items

Early oral feeding 144 (100)
Early ambulation 144 (100)
Early removal of bladder catheter | 144 (100)
Multimodal analgesia 144 (100)
Overall compliance (rate) 100

Abbreviation: ERAS, Enhanced Recovery After Surgery.

Table 4 Postoperative Outcomes

ERAS Non-ERAS P
Operative side (Left/Right) 79/65 72/63 0.79
Anesthesia (spinal/general) 123/21 108/27 0.23
Operating time (min) 56.08+9.26 58.09+8.11 0.72
Intraoperative blood loss 169.91+£23.26 | 178.22+33.09 | 0.46
LOS (days) 5.68+2.34 6.5412.04 0.03
Postoperative day #| VAS 2.53+0.47 2.21+0.52 0.85
Postoperative day #2 VAS 1.77+0.78 1.64+0.69 0.78
30-day ICU admission 4 9 0.12
30-day readmissions 0 0 |
30-day mortality 0 0 |

Abbreviations: LOS, Length of stay; VAS, Visual Analogue Score; ICU, Intensive

Care Unit.

Outcomes

The main clinical outcomes are summarized in Table 4. When comparing the ERAS group and the non-ERAS group, no
significant differences were found in terms of the operative side, type of anesthesia administered, operating duration, or
intraoperative blood loss. Additionally, there were no notable disparities in the Visual Analogue Score (VAS) measure-
ments on the Ist and 2nd days post-surgery between the two groups.

Although the ERAS group exhibited a lower rate of 30-day admission to the Intensive Care Unit (ICU) compared to
the non-ERAS group, this difference did not reach statistical significance (p = 0.12; Table 4). Furthermore, the incidence
of 30-day readmissions and mortality was zero in both groups (Table 4). However, a statistically significant reduction in
the LOS was observed in the ERAS group, with an average LOS of 5.68+2.34 days, compared to 6.54+2.04 days in the
non-ERAS group (p = 0.03).
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Table 5 Over Complication Data

Complications ERAS (%) | Non-ERAS (%) P

Major complications

Bronchial aspiration 0 0
Heart disease 3(2.1) 5(3.7) 0.42
Cerebrovascular accident 0 0
Pneumonia 1(0.7) 1(0.7) 0.96
Pulmonary embolism 0 0
Urinary tract infection 0 0
Deep vein thrombosis 0 0
Gastrointestinal 0 0
Total major 4(2.8) 6(4.4) 0.45

Minor complications

Nausea; Emesis 3(2.1) 14(10.4) <0.01
Delirium 32.1) 3(22) 0.94
Surgical site infection 0 0

Total minor 6(4.2) 17(12.6) 0.0l
Overall complications 10(6.9) 23(17) <0.01

Table 5 details the occurrences of both major and minor complications. The overall complication rate in the ERAS
group was significantly lower than that in the control (non-ERAS) group, with 10 out of 144 cases in the ERAS group
and 23 out of 135 cases in the control group (P < 0.01). Regarding specific types of complications, there was no
significant difference in the incidence of major complications between the two groups, with 4 out of 144 cases in the
ERAS group and 6 out of 135 cases in the control group (P = 0.45). In contrast, the incidence of minor complications was
notably lower in the ERAS group, with 6 out of 144 cases compared to 17 out of 135 cases in the control group (P =
0.01) (Table 5). This discrepancy was primarily attributed to a significantly decreased incidence of nausea and emesis in
the ERAS group when compared to the non-ERAS group (P < 0.01; Table 5).

Discussion

In the current study, when compared with the control (non-ERAS) group, the ERAS group showed identical 30-day ICU
admission rates, 30-day readmission rates, and 30-day mortality rates. However, the ERAS group demonstrated
a significant reduction in both the LOS and the incidence of complications, without leading to an increase in the VAS.
On average, the LOS in the ERAS group was approximately 1 day shorter than that in patients following the
conventional perioperative protocol.

ITF is predominantly prevalent in the geriatric population, rendering them highly susceptible to a spectrum of
complications, including pressure sores, urinary tract infections, and aspiration pneumonia. These complications can
precipitate a significant increase in disability and mortality rates.'® To effectively reduce the mortality and disability rates
associated with ITF, the medical literature overwhelmingly concurs that the principal aim of managing intertrochanteric
fractures should be to achieve stable fracture fixation. This stable fixation serves as a prerequisite for early patient
mobilization, thereby facilitating the restoration of limb function. An early surgical intervention is of utmost significance
for attaining favorable functional outcomes and preventing severe postoperative complications related to both the implant
and the patient.'® Nevertheless, age-related decline in physiological reserves and functional capabilities is an ineluctable
process that impacts all organ systems. This physiological phenomenon typically gives rise to the manifestation of
multiple comorbid conditions in elderly patients. A reduced ability to withstand surgical complications and slower
recovery times in patients >75 years. To enhance the surgical safety of advanced age patients, it is essential to reduce
surgical stress and boost the patients’ capacity to withstand surgical stress.
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The ERAS program is no longer novel. The components of the ERAS program consist of a series of perioperative
optimization measures aimed at reducing perioperative stress, this program has been reported to have positive effects on
surgical outcomes.'”'” Compared with other ERAS protocols during pre-, intra-, and postoperative stages for ITF

studies,zo*22

the pillars of our ERAS protocol are similar, the most frequently emphasized elements include no prolonged
fasting and eating, control of bleeding, maintenance of normothermia, multimodal analgesia, early removal of bladder
catheter and early mobilization.

Multimodal, non - opioid - based analgesia has become the linchpin of the ERAS protocol in our institution for
attaining efficacious analgesia subsequent to InterTAN nail surgery. Adequately managed pain is extensively recognized
as a pivotal metric for surgical success and the recovery trajectory. It also functions as a proxy for patient satisfaction.
Multiple factors contribute to postoperative pain in patients undergoing InterTAN nail surgery. In addition to the
nociceptive pain originating from the surgical incision, these patients experience musculoskeletal pain resulting from
surgical traction and the manipulation of bones and muscles.”* Despite opioids remaining an effective modality for pain
management, substantial evidence has uncovered a broad spectrum of adverse effects associated with their use. These
encompass nausea, ileus, respiratory depression, hyperalgesia, and delirium related to opioid analgesia.24 Multimodal
analgesia involves the employment of multiple pain - control mechanisms that act in a synergistic manner. This strategy
not only augments the analgesic effect but also diminishes the requisite doses of opioids, thus reducing the risk of opioid
- related side - effects.”> The ERAS program described in the current study integrated preemptive analgesia, local
anesthesia and perioperative oral non - opioid medications to minimize the postoperative reliance on opioids. The results
demonstrated that, under the condition of effectively relieving pain, the ERAS group also reduced the incidence of
postoperative nausea.

The development of medical treatment and improvements in trauma surgery techniques have enabled aggressive
surgical treatment in ITF geriatric patients. However, various perioperative complications are a common occurrence in
geriatric patients undergoing InterTAN nail surgery.'” Traditional perioperative management methods lack corresponding
measures to reduce stress responses in geriatric patients, which is a pivotal element in geriatric medicine. Although it has
been generally recognized that ERAS measures can reduce the surgical stress response, there is still a lack of reports on
the safety of applying its relatively aggressive measures in the population of geriatric patients undergoing InterTAN nail
surgery. In the present study, the incidence rate of overall complications in the ERAS group was 6.9%, which was
significant lower than that in the control group. Our ERAS program is based on a series of perioperative protective
strategies. For instance, by shortening the duration of fasting and water deprivation, we can reduce the occurrence of
insulin resistance and perioperative electrolyte disorders. Maintaining normothermia during the operation can decrease
the incidence of intraoperative homeostatic imbalance. The application of tranexamic acid during the operation helps to
reduce intraoperative blood loss. Early removal of the urinary catheter after the operation can lower the incidence of
perioperative urinary tract infections. Early postoperative ambulation can increases intestinal peristalsis and lung
capacity, promotes lower limb muscle strength recovery, maintains hip activity and prevents the formation of deep
venous thrombosis after operation.

In the present study, the average LOS in the ERAS group (5.68+2.34 days) was significant shorter than that in the
non-ERAS group (6.54+2.04 days) without increasing the 30-day readmissions rates and 30-day mortality rates. ITF
patients who received ERAS program care had a lower incidence of postoperative complications, better subsequent
mobility, and were more likely to be discharged home earlier instead of requiring longer nursing care in the hospital.
Therefore, the costs were correspondingly reduced.

Nevertheless, the current study is beset with several limitations. Firstly, it adopts a retrospective design and has
a relatively small sample size. Secondly, the ERAS and non - ERAS groups were evaluated at disparate time points,
which might have introduced bias into the analysis of the study. Additionally, frailty assessment was not incorporated.
Frailty, an age - associated and progressive reduction in multiple physiological reserves, is known to lead to unfavorable
postoperative outcomes. Incorporating frailty assessment would render the study more persuasive. Therefore, further
multicenter investigations with a larger cohort and extended long - term follow - up are warranted to validate the safety

and effectiveness of the proposed ERAS protocol for geriatric patients following InterTAN nail surgery.
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Conclusions

This research demonstrates that the implementation of the ERAS pathway can remarkably decrease the LOS and
complications following InterTAN nail surgery for ITF patients. In comparison with traditional perioperative manage-
ment, it not only ensures superior early functional outcomes but also does not elevate the incidence of postoperative
readmissions or mortality rates. This indicates that the ERAS pathway is a viable and beneficial strategy for optimizing
the perioperative management of ITF patients undergoing InterTAN nail surgery, contributing to enhanced patient
recovery and reduced healthcare burdens. These details may serve as a reference for the future guidelines of standard
ERAS programs in ITF fracture surgery.

Abbreviations
ITF, intertrochanteric femoral fracture; ERAS, enhanced recovery after surgery; LOS, length of stay; BMI, body mass
index; ASA, American Society of Anesthesiologists; VAS, Visual Analogue Score; ICU, Intensive Care Unit.
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