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Background: There were exponentially increased studies focused on revealing the satisfactory outcomes after implementing
enhanced recovery after surgery (ERAS) in patients undergoing lumbar fusion surgery. However, little attention has been paid to
the impact of chronologic age alone on perioperative outcomes.

Methods: In the present study, patients were dichotomized into two groups: young-old (65-79 years), and old-old (80 years and
older). Given the heterogeneity and age-related comorbidities in this population and the need to compare similar groups, we performed
propensity score matching for gender, body mass index (BMI), operation time, American Society of Anesthesiologists (ASA) grade,
Charlson Comorbidity Index (CCI), fusion levels and frail status. Perioperative outcomes were compared between two groups.
Results: In our study, we found there were significant discrepancies in length of stay (LOS) (7.17 +2.81 vs 8.11 £ 3.57 days, p = 0.031) and
postoperative nausea and vomiting (3.7% vs 11.0%, p = 0.038); however, there were no significant differences in C-reactive protein (21.50
+26.52 vs 19.22 £22.04 mg/L, p = 0.490), overall complication rates (24.8% vs 33.0%, p =0.179), ambulation time (2.89 + 1.34 vs 2.55 £ 1.49
days, p = 0.078) or removal of urinary catheter time (2.47 + 1.44 vs 2.32 + 1.40 days, p = 0.446).

Conclusion: There were few differences in perioperative outcomes between young-old and old-old groups. Despite similar postoperative
complication rates, the old-old group might experience longer LOS when complications occur. More importantly, current outcomes
suggested that chronologic age alone does not appear to have the capacity to reflect the tolerance of elderly patients to surgery.
Keywords: enhanced recovery after surgery, propensity score matching, lumbar fusion surgery, elderly, postoperative outcomes

Introduction

It has been over twenty years since, enhanced recovery after surgery (ERAS), was first proposed.! ERAS is a multimodal,
multidisciplinary perioperative management strategy, with the purpose of reducing length of stay (LOS), perioperative
adverse events and accelerating recovery, further shortening the hospitalization cost.>® Although, ERAS applied just in
recent years, bright prospect is envisioned in spine surgery.”

According to the Seventh National Population Census in China, there were 264.02 million persons aged 60 and over,
accounting for 18.7%, especially there were 190.64 million persons who were older than 65 years, accounting for
13.5%.” The aging of the population and the associated comorbidities impose continued pressure on health-care
resources. Especially in the context of the COVID-19 pandemic, it is of great importance to shorten LOS and accelerate
bed turnover while assuring the quality of health care.®
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Recently published consensus statement in lumbar spinal fusion provided explicit guidance for perioperative care.’
Implementing conventional perioperative management, studies reported satisfactory outcomes irrespective of LOS>!0:1
or hospitalization cost®'? after implementing ERAS in spinal surgery. However, most of the studies were cross-sectional,
which introduced confounding biases inevitably. Elderly patients are often recommended for conservative treatment, not
least because of the higher incidence of postoperative adverse events after surgery in elderly patients. However, there
have been conflicting findings regarding the influence of age on perioperative outcomes.'*'* Therefore, we used
propensity score matching in this study to control for confounding factors when comparing the impact of age on

perioperative outcomes after implementing ERAS.

Patients and Methods

Study Design

This was a retrospective, monocentric study. We retrospectively reviewed patients receiving short-level posterior lumbar
fusion surgery between July 2020 and December 2021. Inclusion criteria were as follows: 1) diagnosis of lumbar disk
herniation, lumbar spinal stenosis, or lumbar spondylolisthesis; 2) no history of spinal surgery; 3) age >65 years, and 4)
short-level lumbar fusion surgery, defined as no more than two fusion levels. Exclusion criteria were 1) emergency
surgery; 2) lack of clinical data; 3) combined surgery; and 4) other severe surgical contraindications. There were 559
patients with complete clinical data. As published previously, ERAS became routine in our department in
January 2019.'%'> All patients in this study were treated according to strict adherence to the ERAS protocol and all
surgeries were operated by the same experienced team. Details for short-level lumbar fusion surgery are displayed in
Table 1. Then, we segregated patients into young-old (6579 years), and old-old, (80 years and above).'®

Table | ERAS Items for Short-Level Lumbar Fusion Surgery

Preoperative

Education and counseling Informing the patients about the risk of surgery, ensuring patients to learn and understand ERAS
pathway

Preoperative nutritional Nutrition screening during the perioperative period, Dietitians provide personalized diet guidance
and nutritional supplement to patients in need

Cessation of smoking and alcohol Two weeks before operation

Anemia management Screening routinely during the perioperative period, EPO is utilized if necessary

Fasting Clear fluids including carbohydrate drink allowed up to 2 hours before surgery

Preanesthetic medication The preoperative administration of acetaminophen, NSAIDs, and gabapentinoids as part of

a multimodal opioid sparing analgesia strategy

Intraoperative

Antimicrobial prophylaxis Antibiotic prophylaxis within | hour of incision
Tranexamic acid Used routinely
Standard anesthetic protocol Multimodal analgesia; TIVA-based anesthetic technique with propofol, lidocaine, ketamine, ketorolac,

antiemetics and with up to 0.5% MAC inhaled anesthetics, avoid N2O; depth of anesthesia

monitoring
Maintenance of normothermia Keeping temperature at 36-37°C
Local infiltration analgesia A mixture of 10mL 2% lidocaine and 10mL ropivacaine
Fluid management Maintain fluid balance
Postoperative
Antithrombotic prophylaxis Active/passive limb movement and antithrombotic stockings, venous ultrasonography of lower limbs

was performed on the second day after surgery
Early oral feeding Oral feeding at will after recovery from anesthesia
Multimodal analgesia Visual analog scales <4: no analgesia or oral minimal dose of nonopioid; visual analog scales: 4-6: oral

or intravenous nonopioid visual analog scales 2 7: opioid

Nausea and vomiting prophylaxis Antiemetic drugs such as ondansetron; scopolamine were used in necessary
Ambulation on postoperative day (POD) | | Encourage patients to ambulate as early as possible
Removal of bladder catheter on POD | Consider to remove bladder catheter within 24 hours in short level lumbar fusion surgery
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Because this was a retrospective study, subject to confounding factors. In an effort to reduce the influence of selection
bias when comparing between the groups, we performed 1:1 nearest-neighbor propensity score matching for gender,
body mass index (BMI), operation time, American Society of Anesthesiologists (ASA) grade, Charlson Comorbidity
Index (CCI),"” fusion levels and frail status, distinguished by Fried frailty phenotype'® to keep comparable physiological
status at maximum extent. Match tolerance was set at 0.02. The institutional review board in Xuanwu Hospital Capital
Medical University approved the study (No. 2018086), which followed the Declaration of Helsinki principles. Written
informed consent was obtained from all participants.

Data Collection

All information relating to the patients was obtained from medical records. The collected clinical data included age, sex, BMI,
operation time, comorbidity, fusion levels, 90-day readmission and frail status. To facilitate the statistical analysis of
comorbidity, the CCI was used.'” LOS was defined as a period from postoperative day one to discharge. All patients were
strictly subject to identical discharge criteria: no clinical complications requiring emergent measures; visual analog scale <3 on
oral analgesics; independent ambulation or ambulation with minimal assistance; absence of fever in the previous 48 hours.'® As
a routine postoperative laboratory examination item, CRP was extracted according to the result of the first laboratory test within
two days of surgery.” Urinary catheter extraction and postoperative mobilization time were also extracted. Postoperative
complications included nausea and vomiting, delirium, hematoma, surgical site infection, cerebrospinal fluid leakage, urinary
retention, urinary tract infection, sepsis, respiratory failure, deep venous thrombosis, and myocardial ischemia.

Statistical Analysis

Continuous variables were expressed as mean value + standard deviation (mean + SD) when the normal distribution
was met, if not, median with interquartile range (IQR) was used. Continuous variables were analyzed using the two
sample #-test or nonparametric Wilcoxon test, while statistical analysis for categorical variables was performed using
the Chi-square test or the Fisher exact test. All statistical analyses were performed using SPSS software version 25.0
(SPSS, Inc., Armonk, NY, USA), and P-values <0.05 were considered statistically significant.

Results

Results of Propensity Score Matching

There were 599 patients enrolled in this study, 371 in young-old group (216 female) and 188 in old-old group (105
female), respectively. After propensity score matching, there were 109 well-balanced pairs of patients. The clinical
characteristics of the 218 patients are displayed in Table 2.

Perioperative Outcomes

The old-old group was more likely than the young-old group to have prolonged LOS (8.11 + 3.57 vs 7.17 + 2.81 days,
p = 0.031). Delayed urinary catheter removal was more common in the old-old group, without a significant difference
(2.47 £ 1.44 vs 2.32 + 1.40 days, p = 0.446). Interestingly, we found that the young-old group appeared to have more severe
stress responses (21.50 +26.52 vs 19.22 + 22.04 mg/L, p = 0.490) and delayed mobilization (2.89 + 1.34 vs 2.55 & 1.49 days,

p = 0.078) though no statistical difference. The detailed clinical characteristics are shown in Figure 1.

Complications

The postoperative complications are displayed in Table 3. There were no significant differences in 90-day readmission (6.4%
vs 11.0%, p = 0.230). Except for nausea and vomiting (3.7% vs 11.0%, p = 0.038), all other complications were comparable
between young-old and old-old, and there were no significant differences in overall postoperative complications between the
groups (24.8% vs 33.0%, p = 0.179).
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Table 2 Patients Characteristics Before and After Propensity Score Matching
Variable All Patients (N=559)
Young-Old (n=371) OId-Old (n=188) p

Age 69.02 £ 2.79 81.53 + 3.63 < 0.001
Sex 0.592

Female 216 105

Male 155 83
BMI 25.86 + 3.61 2491 £ 3.57 0.004
Ccl 0.207

0 89 38

1-2 131 53

34 116 72

>5 35 15
Operation time 189.36 + 56.75 185.62 + 51.24 0.432
ASA 0.940

I 3 |

I 203 103

n 161 8l

v 4 3
Fusion levels 0.274

| 172 78

2 199 110
Frail status < 0.001

Non-frailty 235 44

Pre-frailty 109 76

Frailty 27 68
EBL, mean (SD) 274.45 + 178.64 284.89 + 190.58 0.271
Preoperative ODI, % 48.57 + 11.68 53.18 £ 13.32 0414
Preoperative VAS (back) 5.14 £ 1.77 6.15 £ 1.35 0.117
Preoperative VAS (leg) 547 + 1.44 5.89 + 1.58 0.791
Variable Matched Patients (N=218)

Young-Old (n=109) Old-Old (n=109) P

Age 70.20 + 3.86 82.72 + 2.44 <0.001
Sex 0.891

Female 62 6l

Male 47 48
BMI 2461 £ 3.65 2445 + 421 0.768
Cccl 0.451

0 25 18

-2 36 37

34 38 47

>5 10 7
Operation time 188.33 £ 53.13 185.79 £ 51.12 0.720
ASA 0.982

| | |

1l 58 55

n 49 52

v | |
Fusion levels 0.173

| 54 44

2 55 65

(Continued)
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Table 2 (Continued).
Variable Matched Patients (N=218)
Young-Old (n=109) Old-Old (n=109) P
Frail status 0.953
Non-frailty 25 25
Pre-frailty 41 39
Frailty 43 45
EBL, mean (SD) 287.85 + 158.69 279.98 + 188.28 0.568
Preoperative ODI, % 51.65 + 10.28 55.36 + 13.38 0.486
Preoperative VAS (back) 535+ 1.71 587 + 1.93 0.887
Preoperative VAS (leg) 567 = 1.35 574 + 1.51 0.668
Abbreviations: BMI, body mass index; CCl, Charlson Comorbidity Index; ASA, American Society of
Anesthesiologists grade; EBL, estimated blood loss; ODI, Oswestry Disability Index; VAS, visual analog scale.
Discussion

In the current study, after propensity score matching for sex, BMI, operation time, ASA, CCI, fusion levels and frail

status, we found there was a significant difference in LOS between the young-old and old-old groups, further subjected to
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Figure | Perioperative clinical outcomes between young-old and old-old. (A) illustrated the difference of CRP between young-old and old-old; (B) revealed the difference of
LOS between young-old and old-old; (C) showed the outcomes of ambulation time between young-old and old-old; (D) presented the difference of removal of urinary

catheter time between young-old and old-old. *denotes p < 0.05.
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Table 3 Perioperative Complications for Propensity Score-Matched Patients

Variable Young-Old (n=109) | OId-Old (n=109) | p
Nausea and vomiting 4(3.7%) 12(11.0%) 0.038
Delirium 0(0%) 2(1.8%) 0.477
Urinary retention 3(2.8%) 3(2.8%) |
Urinary tract infection 2(1.8%) 2(1.8%) |
Deep venous thrombosis 3(2.8%) 2(1.8%) |
Myocardial ischemia 10(9.2%) 6(5.5%) 0.299
Cerebrospinal fluid leakage | 1(0.9%) 2(1.8%) |
Hematoma 1(0.9%) 0(0%) |
Sepsis 2(1.8%) 4(3.7%) 0.679
Respiratory failure 1(0.9%) 3(2.8%) 0.614
Overall complications 27(24.8%) 36(33.0%) 0.179
90-day readmission 7(6.4%) 12(11.0%) 0.230

nausea and vomiting was observed in old-old. While there were no significant differences in CRP, 90-day readmission,
postoperative ambulation time and removal of urinary catheter time.

ERAS is a multimodal, multidiscipline perioperative management that is superior to traditional management in
reducing LOS and perioperative complications.>*'** With the continued aging population and the decline in physio-
logical function, aging was considered as an obstacle preventing patients from surgery.”*** Later, studies come to focus
on the crucial importance of frail status and found frailty is a stronger predictor than age for perioperative

1423-26 though there existing contradictory results.?” Therefore, in this study, in an effort to discuss the impact

outcomes,
of chronologic age alone on perioperative outcomes after implementing ERAS, propensity score matching was utilized to
offset confounding factors such as frailty status. According to the comparable physiological condition after propensity
score matching, we found there were significant differences between the young-old and old-old groups in LOS and
postoperative nausea and vomiting, which might be attributed to the decrease of physiological reserves and decreased
tolerance to postoperative hyper-catabolism in this population.?’

As an indicator to evaluate the stress response associated with surgery, CRP has been confirmed to be correlated
with postoperative complications in previous studies,”®° however, we found no significant difference in CRP
between these two well-balanced groups. Besides, comparing with old-old, young-old even had severe stress
response, though no significant difference, which may result from decreased organ function and activity to cytokine
associated with stress response in the old-old group.?° Furthermore, according to our ERAS protocol (Table 1),
patients receiving short-level lumbar fusion surgery were advocated to ambulate and have the urinary catheter
removed on postoperative day one following recently published consensus statement for perioperative care in lumbar
spinal fusion,” which was not an ERAS item based on age- or sex-specific. Hence, we expected that there would be
no significant difference in ambulation and urinary catheter removal time between the young-old and old-old groups.
Interestingly, the old-old patients seemed to have earlier ambulation than their young-old counterparts. One possible
explanation is that the old-old group might have endured longer symptom duration than the young-old group and
would be more eager to ambulate.

In a retrospective cross-section study of one- to three-level lumbar fusion surgery among young-old patients, Brusko
et al conducted that there was a significant reduction in LOS after implementing ERAS."" Furthermore, in a retrospective
cohort study published by our department previously, we proposed that patients older than 75 years receiving multi-
segment lumbar fusion surgery can also benefit from ERAS."> However, studies focusing on implementing ERAS among
80 years and older in spine surgery remain limited. A study of patients age 65 and older undergoing posterior lumbar
fusion surgery, Hersey et al concluded that longer operation time is independently associated with increased complication
rate.’! Meanwhile, in a retrospective study, Kuo et al revealed that age >65 years, time to ambulation and total operation
time were independent predictors for extended LOS.> What is more, in a retrospective study, Chan et al showed that
elderly patients were at increased risk of developing postoperative complications and longer hospital stay.*
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Retrospective studies are subject to selection and confounding biases inevitably. Hence, in order to reduce the influence
of confounding factors, propensity score matching to keep similar physiological condition was used. The results showed
that there were no significant differences in overall complications, except for LOS and nausea and vomiting.
Postoperative nausea and vomiting was not a risk for discharge according to our discharge criteria; and the baseline
characteristics of matched patients were well balanced. Therefore, we speculate that though comparable postoperative
complication rates (Table 3), once occurred in the old-old, which might lead to a longer LOS (Figure 1). Therefore, more
attention should be paid to preventing the occurrence of postoperative complications in the old-old. More importantly,
current outcomes suggested that chronologic age alone seems not to have the capacity to reflect the tolerance of surgical
interventions in elderly patients. Future studies should use an integrated and coordinated evaluation tool such as
comprehensive geriatric assessment to provide personalized care for the surgical elderly individual.

There were some limitations in the current study. First, there were 599 patients enrolled in this study, after propensity
score matching, only there were 109 well-balanced pairs of patients, which limited the robustness of current conclusions
caused by insufficient statistical power due to a small sample size. Second, this was not a randomized controlled study
and was subject to inherent limitations associated with retrospective analysis despite propensity score matching was used
to offset confounding factors, there still remains bias in this study. Further, a prospective study with a large sample size
should be performed to validate our findings.

Conclusions

In our study, we found there were no significant differences in CRP, postoperative ambulation time, removal of catheter
time, 90-day readmission or overall complications between young-old and old-old groups after propensity score
matching, while there existing significant differences in LOS and nausea and vomiting. Therefore, we speculate that
though comparable postoperative complication rates, once occurred in the old-old, which might lead to a longer LOS.
More importantly, current outcomes suggested that chronologic age alone seems not to have the capacity to reflect the
tolerance of elderly patients to surgery.
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