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This study aimed to analyze the effect of the enhanced recovery after surgery (ERAS) protocol on the recovery of gastrointestinal
function in patients with lumbar disc herniation after discectomy. A total of 179 patients with lumbar disc herniation were randomly
divided into the ERAS and non-ERAS groups. The non-ERAS group received routine nursing, and the ERAS group received ERAS
strategy. The two groups were compared for general recovery indicators such as postoperative hemoglobin and prealbumin, satisfaction,
and length of hospital stay. Gastrointestinal function was also evaluated, such as postoperative feeding time, intestinal chirping recovery
time, intestinal exhaust gas recovery time, and complications such as ileus, nausea, and vomiting. The satisfaction of patients in the ERAS
group (86.15+2.43) was significantly higher than that in the non-ERAS group (77.19 +3.32), and the difference was statistically
significant (P < 0.05). The average time of eating in the ERAS group was 2.27 h after surgery. In addition, the amount of eating in the
ERAS group was significantly better than that in the non-ERAS group, and the difference was statistically significant. In the ERAS group,
intestinal chirping recovery time recovered to normal time, and exhaust recovery time and average defecation time were significantly
shorter than those in the non-ERAS group. In the ERAS group, the average amount of hemoglobin and prealbumin decreased 3 days
after operation, which was significantly lower than that in the non-ERAS group. To sum up, ERAS has an evident effect on the recovery
of gastrointestinal function after discectomy of disc herniation, which can promote the recovery of patients.

1. Introduction production, is associated with major surgery [2]. These
physiologic alterations are associated with organ function,
Lumbar disc herniation in the elderly population may cause ~ which may result in undesirable postoperative complica-
significant neural compression, leading to increased pain tions, pain, and extended convalescence [3].
and poor quality of life of patients. Therefore, identifying Postoperative paralytic ileus is a frequent complication
effective interventions that could improve the quality of life after lumbar spinal surgery, with an incidence ranging be-
of elderly patients with lumbar spinal disorders is important  tween 2.6% and 12%, depending on the invasiveness of the
[1]. Discectomy has been recognized as a primary treatment  complication and approach of the surgery [4]. It leads to
of degenerative lumbar spine disorders; however, the sur-  increased postoperative morbidity, longer hospital stays, and
gical stress response, such as immunosuppression, increased  increased medical costs. Several mechanisms are thought to
catabolism, hypercoagulable states, and free radical  play a role in postoperative ileus, including sympathetic
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reflexes, effects of local and systemic inflammatory media-
tors, and changes of hormone transmitters. Numerous
potential treatment options for postoperative ileus have been
reported; however, their efficacy is usually limited [5]. In
previous reports, lumbar spinal surgery in the aging pop-
ulation has increased [6]. Elderly patients are often com-
plicated with chronic constipation [7]; thus, they may suffer
from a higher risk of postoperative ileus after orthopedic
surgery than younger patients [8, 9]. Therefore, finding
effective measures to prevent postoperative paralytic ileus in
the elderly after lumbar spinal surgery is of great signifi-
cance. Many therapies, including early enteral nutrition,
early removal of the nasogastric tube, gastrointestinal mo-
tility drugs, and physical therapy, have been suggested and
applied in clinical work to prevent postoperative paralytic
ileus [10, 11]. However, these therapies cannot be routinely
or widely used because of either low compliance or limited
clinical efficacy [12].

Enhanced recovery after surgery (ERAS) reduces the
surgical stress response, minimizes postoperative compli-
cations, and increases readmission rates [2], which are
important for vulnerable patients, who often suffer from
comorbidities, and the elderly [13]. ERAS can also improve
the gastrointestinal function of postoperative orthopedic
patients, such as decreasing postoperative ileus, nausea, and
vomiting, among which postoperative ileus is a common
complication of discectomy and is estimated to occur in a
considerable proportion of patients undergoing surgery [14].
Livingston and Passaro defined ileus as “the functional
inhibition of propulsive bowel activity, irrespective of
pathogenetic mechanism.” [15] The pathogenesis of ileus is
multifactorial with immobility, opioids, and anesthesia,
which affect bowel function [16]. Studies have demonstrated
that postoperative ileus can increase the length of hospital
stay (LOS) and costs significantly [17]. This study aimed to
evaluate the impact of ERAS on gastrointestinal function
among elderly patients with spinal disorders undergoing
surgery.

2. Methods

2.1. Inclusion and Exclusion Criteria. This is a retrospective
cohort study. The study protocol was approved by the Ethics
Committee for Human Subjects of the People’s Hospital of
Jiulongpo District. Written informed consent was obtained
from each patient. Patient data were anonymized in this
study. Altogether, 179 patients with lumbar disk herniation
over the age of 65 who underwent posterior lumbar dis-
cectomy at two or lower levels from January 2019 to De-
cember 2020 were assigned to the non-ERAS group (n=95)
and the ERAS group (n = 84). Details of the enrolled patients
could be found in Supplementary table. All the treatments
were conducted by the same surgical team. Patients in the
non-ERAS group were treated under traditional peri-
operative protocols. Diagnosis of lumbar disk herniation was
conducted by at least two spinal orthopedic specialists based
on MRI images of the lumbar spine and clinical symptoms,
and the responsibility segments were identified. Patients
who had typical spinal stenosis symptoms and did not
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respond to conservative treatments were indicated for
surgery. Individuals who had neoplasm, cauda equina in-
jury, trauma, and infectious disease were excluded from this
study. All data were collected from the electronic medical
record. Demographic data included gender, age, and body
mass index (BMI). Comorbidities included hypertension,
heart disease, diabetes, osteoporosis, stomach problem,
bowel or intestinal problem, and psychological symptoms.
Other indices included the American Society of Anesthe-
siologists (ASA) physical status score, preoperative Japanese
Orthopaedic Association (JOA) Score, Oswestry Disability
Index (ODI), and visual analogue scale (VAS) for the back
and leg. Operative records used for analysis included the
number of fusion levels, operative time, and intraoperative
blood loss. The primary outcome data included complica-
tions, postoperative pain scores, LOS, and 30-day read-
mission rates.

2.2. ERAS Interventions. In this study, we followed the
methods of Wang et al. [18]. The ERAS program was
proposed and planned by a core group of anesthesiologists,
nutritionists, spine surgeons, physicians, physical therapists,
nurses, and geriatricians after literature review and expe-
rience exchange [19-21]. With the approval of the Ethical
Committee for Human Subjects of the People’s Hospital of
the Jiulongpo District, the implementation of the ERAS
program began in June 2019. ERAS interventions were di-
vided into preoperative, intraoperative, and postoperative,
including the following administration: (1) patient education
and counseling, (2) antibiosis before surgery, (3) preoper-
ative fasting (without drinks 2h and food 4h before sur-
gery), (4) multimodal analgesia, (5) standard anesthetic
protocol, (6) gastrointestinal management, (7) early feeding
after surgery, (8) early mobilization medical, (9) early re-
moval of the bladder catheter, and (10) antithrombotic
prophylaxis. Details of ERAS are displayed in Figure 1.

2.3. Statistical Analysis. Statistical analyses were performed
by GraphPad software (version 8.0). Student’s ¢-test and y?
test were used to compare comorbidity data, patient de-
mographics, clinical results, and baseline health indicators
among the groups. We also used multivariate linear re-
gression analysis and multivariable logistic regression to
assess the association among the risk factors of ERAS ele-
ments and ileus rate. Differences were considered significant
at a level of P value less than 0.05.

3. Results

3.1. Demographics. A total of 179 patients (Figure 2) were
included, with 84 patients in the ERAS group (46 men and 38
women, mean age: 71.31+9.17 vyears, mean BMI:
24.17+£2.96) and 95 patients in the non-ERAS group (51
men and 44 women, mean age: 71.63+9.01 years, mean
BMI: 24.75 + 3.67). All surgeries were performed by a senior
surgeon (Figure 3). Preoperative characteristics were similar
between the two groups (Table 1). Demographic data were
compared, and no statistically significant differences were
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FIGURE 1: Summary of conducted perioperative topics for ERAS with discectomy.

observed between the two groups. In addition, no significant
differences were noted in comorbidities, ASA grade, or the
number of fusion levels between both groups. The mean
operative time and intraoperative blood loss in the ERAS
and non-ERAS groups showed no significant difference.
Moreover, the mean preoperative JOA, VAS for the back and
legs, and ODI score showed no significant difference
(Table 1).

3.2. Compliance with the ERAS Protocol. Our ERAS protocol
included 14 pathways, and the overall pathway compliance
was 96.4% (Table 2). Patient education and counseling, no
prolonged fasting, antimicrobial prophylaxis, and all
intraoperative ERAS interventions were performed in all

patients of the ERAS group. The pathway with the lowest
compliance was early oral feeding (Table 2).

3.3. Outcomes. The main clinical outcomes are shown in
Table 3. After the implementation of ERAS, no significant
difference in 30-day readmission and mortality was found
between the ERAS group and the non-ERAS group. Fur-
thermore, the mean postoperative VAS for the back and legs
showed no significant difference at 30-day follow-up as
complete data were available for 83% of patients at this early
time point. However, we observed a statistically significant
decrease in LOS in the ERAS group (11.27 + 4.07 days in the
ERAS group versus 14.60 +2.13 days in the non-ERAS
group, P <0.05). The patient satisfaction rate of the ERAS
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FIGURE 3: Representative case of a patient with an L4-5 LDH. Preoperative (a) and postoperative (b) radiographs were obtained by ERAS
during the operation.
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TaBLE 1: Patient demographics.

Patient demographics ERAS Non-ERAS P
Sample size 84 95
Age (years) 71.31+9.17 71.63+9.01  0.50
Male/female 46/38 51/44 1
Body mass index 24.17 £2.96 24.75+3.67  0.86
Smoker 6 7 1
Comorbidities
Hypertension 53 49 0.13
Heart disease 17 15 0.56
Chronic lung disease 1 2 1
Diabetes 16 13 0.42
Osteoporosis 11 9 0.48
Gastrointestinal 6 7 1
Psychological 1 0 047
symptoms
Preoperative JOA 7.30+3.07 6.99+2.97 049
Preoperative ODI, % 60.88 £ 8.31 61.63+9.27  0.57
Preoperative VAS (back) 6.48 +1.21 6.75+1.01 0.11
Preoperative VAS (leg) 6.19+1.76 6.34+1.88  0.58
ASA grade
I 11 11
I 60 60
II1 13 13
v 0 0
No. of fusion levels
1 62 67 0.74
2 22 28 0.74

Operative time (min) 163.88 £49.23 168.43+51.62 0.55

Intraoperative blood loss

283.63£169.64 243.63+188.64 0.14
(ml)

TaBLE 2: ERAS pathway compliance.

Compliance with the ERAS program

Variable n (%)
Preoperative ERAS items
Patient education and counseling 84 (100)
No prolonged fasting 84 (100)
Fluid and carbohydrate loading 84 (100)
Antithrombotic stockings 84 (100)
Antimicrobial prophylaxis 84 (100)
Intraoperative ERAS items
Tranexamic acid 84 (100)
Maintenance of normothermia 84 (100)
Local infiltration analgesia 84 (100)
Fluid balance 84 (100)
Postoperative ERAS items
Early ambulation 77 (91.7)
Early removal of the bladder catheter 67 (79.8)
Early oral feeding 63 (75)
Chewing gum 80 (95.2)
Intermittent pneumatic compression 82 (97.6)
Overall compliance (rate) 81 (96.4)

group was 92.00%, and the difference was statistically sig-
nificant (P <0.05). In the ERAS group, the average time of
eating was 2.27 h after surgery, and patients consumed much
more food than those of the non-ERAS group. Moreover, the
time for bowel sounds to return to normal (3-5 times/min)
was 5.63 h; the recovery time of exhaust gas was 8.14 £ 6.52 h,
and the average time of defecation was 1.02 days, which were

both significantly less than those of the non-ERAS group.
The rate of nausea, vomiting, and flatulence complications in
the ERAS group was 2.39%, which was less than that of the
non-ERAS group, but the difference was not significant. The
average amount of hemoglobin in the ERAS group 3 days
after operation was 8.14 g, and the average decreased amount
of prealbumin was 5.28g, with statistical significance
(P <0.05).

Multivariable linear regression showed that comorbid-
ities (P=0.021), dose of sufentanil (P = 0.042), operative
time (P = 0.041), and implementation of the ERAS program
(P = 0.036) were significantly correlated with postoperative
ileus. On the contrary, age, gender, BMI, smoking history,
ASA >3, fusion number, blood loss, preoperative VAS for
the back, and preoperative VAS for the leg were not related
to postoperative ileus. Multivariable logistic regression
showed that no characteristics were associated with post-
operative ileus (Table 4).

4., Discussion

Disk herniation and the loss of disk height are largely as-
sociated with aging, which places extra loads on adjacent
segments and facet joints, leading to low back pain (LBP).
LBP and sciatica can significantly impair patients’ psycho-
social function, leading to depressive symptoms and sleep
disorders. Furthermore, LBP and sciatica are correlated with
coronary heart disease in elderly people [22]. However,
comorbidities and poor physical function can cause high
rates of perioperative complications, such as inpatient
morbidity, during lumbar spinal surgery in elderly patients
[23, 24]. It is reported that thoracic epidural anesthetics can
reduce the duration of postoperative ileus by blocking the
nerve reflex of the spinal cord and reducing the use of
postoperative anesthesia in patients. Nonsteroidal anti-in-
flammatory drugs can also accelerate the recovery of in-
testinal function by inhibiting intestinal inflammation and
reducing the use of opioids. Thus, a multimodal treatment
approach that combines multiple therapies may be a logical
approach [9]. As proposed by Henrik Kehle, a Danish
surgeon, ERAS is a multidisciplinary and multiprofessional
approach for postoperative patients to obtain a relatively
rapid recovery [25]. To date, the basic principles of ERAS
have been adopted by surgical specialties in multiple fields
[26, 27]. This protocol has been shown to be beneficial
particularly for elderly people who have comorbidities or a
higher risk of surgical complications. The ERAS protocol is
specifically designed for patients in adapting to surgical
stresses such as immobility, dehydration, and inflammation
by all-encompassing approaches, which focuses on various
aspects of perioperative care, including changes in mobili-
zation, fasting, early postoperative oral intake, goal-directed
fluids, and multimodal analgesia [28, 29]. In our study, the
ileus rate in the cohort of patients in the ERAS group was
significantly decreased. In addition, the patients in the ERAS
group had a shorter hospital stay and decreased readmission
rate.

Shortening the time of fasting and feeding is an im-
portant preoperative aspect in our ERAS program [30].
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TaBLE 3: Postoperative outcomes.

Outcome measure ERAS Non-ERAS P
LOS*** 11.27 £4.07 14.60 £2.13 0
30-day readmission 1 2 0.47
30-day mortality 0 0 1
Decreased amount of hemoglobin (g/L)*** 8.14+2.06 12.37+2.21 0
Decreased amount of prealbumin (g)*** 5.28 +1.07 8.32+1.40 0
Postoperative time (days)*** 6.14+1.24 8.14+2.38 0
Satisfaction*** 86.15+2.43 77.19+3.32 0
Preoperative VAS (back) 7.09+0.83 7.04+0.67 0.66
Preoperative VAS (legs) 7.32+0.72 7.44+0.23 0.13
Gastrointestinal indicators
Tleus rate™** 5.89 31.89 0
Postoperative feeding time (h)*** 2.27£1.50 414+3.92 0
Food intake (h)*** 5.58 +2.57 3.52+2.43 0
Borborygmus recovery time (h)*** 5.63+2.54 6.02 £3.51 0.04
Intestinal exhaust gas recovery time (h) 8.14+6.52 10.21+7.16 0.05
Postoperative defecation time (d)*** 1.02+1.28 2.31+2.10 0
Postoperative nausea and vomiting 2.39 9.53 0.06
General complications
Cerebrovascular accident 0 1 1
Surgical site infection 1 3 0.62
Spinal fluid leakage 2 3 1
Neurological 1 2 1
Deep vein thrombosis 0 1 1
Cardiac arrest 0 0 1

P value less than 0.05; **P value less than 0.01; ***P value less than 0.001.

TaBLE 4: Multivariable analyses for LOS and complications.

Multivariable linear regression for LOS

Multivariable logistic regression for

Characteristics any complications
Coeflicient (95% CI) P value OR (95% CI) P value

Age 0.25 (-0.12 to 0.27) 0.35 1.09 (0.87-1.28) 0.49
Female 112 (~0.47 to 1.22) 0.10 1.09 (0.93-1.17) 0.24
BMI —0.023 (-0.33 to 0.11) 0.74 0.94 (0.89-1.02) 0.07
Smoker 0.78 (-0.19 to 1.20) 0.15 2.21 (0.84-3.12) 0.14
Comorbidities 1.24 (0.23 to 1.63) 0.02 1.46 (0.87-2.21) 0.06
Fusion number 2.21 (-1.19 to 2.97) 0.18 1.99 (0.98-2.38) 0.11
Estimated blood loss 1.21 (-1.96 to 3.75) 0.07 1.74 (0.35-2.06) 0.88
Intraoperative fluids 0.78 (0.01 to 1.17) 0.65 2.11 (0.85-2.21) 0.10
Dose of sufentanil* 0.98 (0.53 to 1.71) 0.04 1.62 (0.99-1.72) 0.05
Operative time* 0.41 (—0.02 to 0.91) 0.04 0.93 (0.87-3.26) 0.13
ERAS* 0.94 (0.73 to 1.13) 0.04 1.23 (0.79-1.88) 0.06
Preoperative VAS (back) 0.29 (-0.56 to 0.98) 0.36 0.71 (0.65-1.46) 0.22
Preoperative VAS (leg) 0.75 (-0.60 to 2.11) 0.75 1.22 (0.91-2.13) 0.34
Preoperative ODI (%) ~0.01 (~0.08 to 0.21) 0.38 1.26 (0.64-2.48) 0.31

“P value less than 0.05; **P value less than 0.01; ***P value less than 0.001.

Traditional preoperative fasting time lasting for at least 8h
and oral feeding on postoperative day 1 may cause metabolic
stress and insulin resistance caused by inflammatory cyto-
kine release and lipid product accumulation in skeletal
muscles and then increase the rate of postoperative com-
plications [31-33]. Therefore, shortening the time of pre-
operative fasting and postoperative eating can decrease
insulin resistance and improve patient comfort [34].
However, research concerning the shortening of postoper-
ative eating time and preoperative fasting time among el-
derly patients with lumbar surgery is lacking, although

studies have indicated that this approach is effective and safe
[35]. Our studies have illustrated that oral carbohydrate
drink 1.5 h before anesthesia induction and early feeding 5h
after surgery are safe and are not associated with the in-
creasing risk of complications in elderly patients.

At present, the treatment for postoperative ileus is pri-
marily divided into four parts: perioperative prevention, tra-
ditional treatment, drug intervention, and surgical treatment
[36]. Traditional treatments, including nasogastric decom-
pression, electrolyte replacement, and early bed movement,
have poor patient compliance and efficacy [37].
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Pharmacological interventions are commonly applied for the
prevention of ileus after abdominal surgery, such as motility
agents and antiemetics, y-receptor antagonists, and neostig-
mine; however, efficacy of these interventions is also unsat-
istactory [38, 39]. Surgical treatment is only suitable for severe
complications caused by intestinal obstruction, such as is-
chemia or bowel perforation. Therefore, postoperative pre-
vention is crucial in the management of postoperative ileus.

ERAS protocol decreases postoperative ileus rate
through multiple mechanisms. Preoperatively, patients
are allowed to drink clear fluids prior to surgery up to 2h
in this protocol, which prevents prior-surgery dehydra-
tion and allows the intake of preoperative carbohydrate.
As reported by Varadhan and Lobo, fluid overload is
related to increased bowel edema rates, which leads to
ileus [31]. However, maintaining adequate tissue perfu-
sion and intravascular volume is necessary [40]. Thus,
fluid administration protocol ERAS aims to maintain
intravascular volume and mitigate risks. In our cohort, a
significant decrease of intraoperative intravenous fluid
(IVF) administration was found in ERAS patients com-
pared with controls. Moreover, the standard hourly vol-
ume of IVFs in ERAS patients was decreased drastically.
Intraoperatively, we have discovered that the use of
sufentanil is associated with the increasing rates of ileus
[35]. Sufentanil is known for its inhibitory effects on
peristalsis of the gastrointestinal smooth muscle and in-
testinal motility in rats. In addition, narcotics could ac-
tivate y-opioid receptors and cause gut motility inhibition,
leading to increased ileus rates. Thus, decreasing the use of
narcotics plays a vital role in reducing ileus rates. As
shown in considerable research, chewing gum is an effi-
cient way to reduce postoperative ileus in the postoper-
ative stage [32]. In our study, the patients in the ERAS
group were allowed to chew gums after surgery, which is
considered a crucial factor for the significantly decreased
rate of ileus in ERAS patients. In the ERAS regimen,
chewing gum is a form of sham feeding that can stimulate
human intestinal motility [41]. Several possible physio-
logical mechanisms are identified: first, chewing gum
stimulates the oropharyngeal chemical mechanorecep-
tors, activates the cephalovagal pathway, and increases the
secretion of gastrointestinal hormones such as motilin,
gastric acid, gastrin, and pepsinogen, thus promoting
gastrointestinal motility [42, 43]. Second, mastication can
stimulate the vagus pathway and increase the release of
acetylcholine transmitters, which then bind to nicotine
receptors of inflammatory cells, thereby reducing the
release of proinflammatory factors and promoting the
recovery of gastrointestinal motility [44].

Our results suggest that the ERAS regimen promotes
recovery of intestinal function after lumbar surgery in el-
derly patients, with a significantly accelerated time of first
flatus and first defecation. Compared with abdominal sur-
gery, patients in both groups showed significantly better
bowel movement. These findings can be explained as follows:
first, the operative time of lumbar fusion is relatively short
(less than 3h). Second, the intestinal tract is almost unin-
terfered during posterior lumbar surgery.

5. Conclusions

This study shows the potential application of a practical
ERAS protocol in elderly patients after discectomy, which
has been proven to decrease LOS and postoperative ileus rate
in elderly patients. Further studies with modified approaches
are required to improve adherence to the outcomes.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Disclosure

Xiaohai Zuo and Linbang Wang are the co-first authors.

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

Xiaohai Zuo and Linbang Wang contributed equally to this
study.

Supplementary Materials

Supplementary table: the detailed data of the enrolled pa-
tients. (Supplementary Materials)

References

[1] J. A. Rihn, A. S. Hilibrand, W. Zhao et al., “Effectiveness of
surgery for lumbar stenosis and degenerative spondylolis-
thesis in the octogenarian population,” Journal of Bone and

Joint Surgery American Volume, vol. 97, no. 3, pp. 177-185,

2015.

N. Dietz, M. Sharma, S. Adams et al., “Enhanced recovery

after surgery (ERAS) for spine surgery: a systematic review,”

World Neurosurgery, vol. 130, pp. 415-426, 2019.

J. Gerhardt, S. Bette, 1. Janssen, J. Gempt, B. Meyer, and

Y.-M. Ryang, “Is eighty the new sixty? Outcomes and com-

plications after lumbar decompression surgery in elderly

patients over 80 Years of age,” World Neurosurgery, vol. 112,

pp. €555-e560, 2018.

S.J. Fineberg, S. V. Nandyala, M. F. Kurd et al., “Incidence and

risk factors for postoperative ileus following anterior, pos-

terior, and circumferential lumbar fusion,” The Spine Journal,

vol. 14, no. 8, pp. 1680-1685, 2014.

[5] S. C. Park, S. Y. Chang, S. Mok, H. Kim, B.-S. Chang, and
C.-K. Lee, “Risk factors for postoperative ileus after oblique
lateral interbody fusion: a multivariate analysis,” The Spine
Journal, vol. 21, no. 3, pp. 438-445, 2021.

[6] Y.Li, S. Zheng, Y. Wu et al,, “Trends of surgical treatment for
spinal degenerative disease in China: a cohort of 37,897 in-
patients from 2003 to 2016,” Clinical Interventions in Aging,
vol. 14, pp. 361-366, 2019.

[7] M. Vazquez Roque and E. P. Bouras, “Epidemiology and
management of chronic constipation in elderly patients,”
Clinical Interventions in Aging, vol. 10, pp. 919-930, 2015.

[8] T. H. Lee, J. S. Lee, S. J. Hong et al., “Risk factors for post-
operative ileus following orthopedic surgery: the role of

[2

[3

[4


https://downloads.hindawi.com/journals/prm/2021/3573460.f1.pdf

chronic constipation,” Journal of Neurogastroenterology and
Motility, vol. 21, no. 1, pp. 121-125, 2015.

[9] B. Behm and N. Stollman, “Postoperative ileus: etiologies and
interventions,” Clinical Gastroenterology and Hepatology,
vol. 1, no. 2, pp. 71-80, 2003.

[10] Y. Toyomasu, E. Mochiki, H. Morita et al., “Mosapride citrate
improves postoperative ileus of patients with colectomy,”
Journal of Gastrointestinal Surgery, vol. 15, no. 8, pp. 1361-
1367, 2011.

[11] S. S. M. Ng, W. W. Leung, T. W. C. Mak et al.,, “Electro-

acupuncture reduces duration of postoperative ileus after

laparoscopic surgery for colorectal cancer,” Gastroenterology,

vol. 144, no. 2, pp. 307-313, 2013.

T. J. Saclarides, “Current choices--good or bad--for the

proactive management of postoperative ileus: a surgeon’s

view,” Journal of Perianesthesia Nursing: Official Journal of the

American Society of PeriAnesthesia Nurses, vol. 21, no. 2A

Suppl, pp. S7-S15, 2006.

O. Ljungqvist and M. Hubner, “Enhanced recovery after

surgery-ERAS-principles, practice and feasibility in the el-

derly,” Aging Clinical and Experimental Research, vol. 30,

no. 3, pp. 249-252, 2018.

[14] J. N. Bakkum-Gamez, C. L. Langstraat, J. R. Martin et al.,

“Incidence of and risk factors for postoperative ileus in

women undergoing primary staging and debulking for epi-

thelial ovarian carcinoma,” Gynecologic Oncology, vol. 125,

no. 3, pp. 614-620, 2012.

R. Vather, G. O’Grady, 1. P. Bissett, and P. G. Dinning,

“Postoperative ileus: mechanisms and future directions for

research,” Clinical and Experimental Pharmacology and

Physiology, vol. 41, no. 5, pp. 358-370, 2014.

[16] E. H. Livingston and E. P. Passaro Jr., “Postoperative ileus,”
Digestive Diseases and Sciences, vol. 35, no. 1, pp. 121-132, 1990.

[17] S. Iyer, W. B. Saunders, and S. Stemkowski, “Economic
burden of postoperative ileus associated with colectomy in the
United States,” Journal of Managed Care Pharmacy, vol. 15,
no. 6, pp. 485-494, 2009.

[18] P. Wang, Q. Wang, C. Kong et al., “Enhanced recovery after
surgery (ERAS) program for elderly patients with short-level
lumbar fusion,” Journal of Orthopaedic Surgery and Research,
vol. 15, no. 1, p. 299, 2020.

[19] S. The Group of minimally invasive spinal, S. Enhanced re-
covery professional committee of orthopedic, and
T. Enhanced recovery association of China rehabilitation
technology and promotion, “Expert consensus on the
implementation of enhanced recovery after surgery in per-
cutaneous endoscopic interlaminar lumbar decompression/
discectomy,” Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi,
vol. 34, no. 12, pp. 1497-1506, 2020.

[20] M. Y. Wang, P. Y. Chang, and J. Grossman, “Development of
an Enhanced Recovery after Surgery (ERAS) approach for
lumbar spinal fusion,” Journal of Neurosurgery: Spine, vol. 26,
no. 4, pp. 411-418, 2017.

[21] T. W. Wainwright, T. Immins, and R. G. Middleton, “En-
hanced recovery after surgery (ERAS) and its applicability for
major spine surgery,” Best Practice & Research Clinical
Anaesthesiology, vol. 30, no. 1, pp. 91-102, 2016.

[22] J. M. Cloyd, F. L. Acosta Jr., and C. P. Ames, “Complications
and outcomes of lumbar spine surgery in elderly people: a
review of the literature,” Journal of the American Geriatrics
Society, vol. 56, no. 7, pp. 1318-1327, 2008.

[23] D. Drazin, L. Al-Khouja, C. Lagman et al., “Scoliosis surgery
in the elderly: complications, readmissions, reoperations and

(12

(13

[15

Pain Research and Management

mortality,” Journal of Clinical Neuroscience, vol. 34,
pp. 158-161, 2016.

[24] N. Worley, B. Marascalchi, C. M. Jalai et al., “Predictors of
inpatient morbidity and mortality in adult spinal deformity
surgery,” European Spine Journal, vol. 25, no. 3, pp. 819-827,
2016.

[25] L. Bardram, P. Funch-Jensen, P. Jensen, M. E. Crawford, and
H. Kehlet, “Recovery after laparoscopic colonic surgery with
epidural analgesia, and early oral nutrition and mobilisation,”
The Lancet, vol. 345, no. 8952, pp. 763-764, 1995.

[26] D. S. Keil, L. D. Schiff, E. T. Carey et al., “Predictors of ad-
mission after the implementation of an enhanced recovery
after surgery pathway for minimally invasive gynecologic
surgery,” Anesthesia & Analgesia, vol. 129, no. 3, pp. 776-783,
2019.

[27] M. J. Stein, S. G. Frank, A. Lui, T. Zhang, and J. Zhang,
“Ambulatory latissimus dorsi flap breast reconstruction: a
prospective cohort study of an enhanced recovery after
surgery (ERAS) protocol,” Journal of Plastic, Reconstructive &
Aesthetic Surgery, vol. 72, no. 12, pp. 1950-1955, 2019.

[28] J.P. Desborough, “The stress response to trauma and surgery,”
British Journal of Anaesthesia, vol. 85, no. 1, pp. 109-117,
2000.

[29] U. O. Gustafsson, M. J. Scott, M. Hubner et al., “Guidelines for
perioperative care in elective colorectal surgery: enhanced
recovery after surgery (ERAS) society recommendations:
2018,” World Journal of Surgery, vol. 43, no. 3, pp. 659-695,
2019.

[30] B. Debono, M. V. Corniola, R. Pietton, P. Sabatier, O. Hamel,
and E. Tessitore, “Benefits of Enhanced Recovery after Surgery
for fusion in degenerative spine surgery: impact on outcome,
length of stay, and patient satisfaction,” Neurosurgical Focus,
vol. 46, no. 4, p. E6, 2019.

[31] K. K. Varadhan and D. N. Lobo, “A meta-analysis of rand-
omised controlled trials of intravenous fluid therapy in major
elective open abdominal surgery: getting the balance right,”
Proceedings of the Nutrition Society, vol. 69, no. 4, pp. 488
498, 2010.

[32] 1. E. Ertas, K. Gungorduk, A. Ozdemir, U. Solmaz, A. Dogan,
and Y. Yildirim, “Influence of gum chewing on postoperative
bowel activity after complete staging surgery for gynecological
malignancies: a randomized controlled trial,” Gynecologic
Oncology, vol. 131, no. 1, pp. 118-122, 2013.

[33] Z. Hamilton, W. Parker, J. Griffin et al.,, “Alvimopan in an
enhanced recovery program following radical cystectomy,”
Bladder Cancer, vol. 1, no. 2, pp. 137-142, 2015.

[34] B. G. Wolff, J. L. Weese, K. A. Ludwig et al., “Postoperative
ileus-related morbidity profile in patients treated with alvi-
mopan after bowel resection,” Journal of the American College
of Surgeons, vol. 204, no. 4, pp. 609-616, 2007.

[35] A. Kurz and D. L Sessler, “Opioid-induced bowel dysfunc-
tion,” Drugs, vol. 63, no. 7, pp. 649-671, 2003.

[36] M. Thompson and B. Magnuson, “Management of postop-
erative ileus,” Orthopedics, vol. 35, no. 3, pp. 213-217, 2012.

[37] A. Jain and H. D. Vargas, “Advances and challenges in the
management of acute colonic pseudo-obstruction (ogilvie
syndrome),” Clinics in Colon and Rectal Surgery, vol. 25, no. 1,
pp. 37-45, 2012.

[38] M. D. Kraft, “Emerging pharmacologic options for treating
postoperative ileus,” American Journal of Health-System Phar-
macy: AJHP: official journal of the American Society of Health-
System Pharmacists, vol. 64, no. 20 Suppl, pp. S13-520, 2007.

[39] C. H. Oh, G. Y. Ji, S. H. Yoon, D. Hyun, H.-c. Park, and
Y. J. Kim, “Paralytic ileus and prophylactic gastrointestinal



Pain Research and Management

motility medication after spinal operation,” Yonsei Medical
Journal, vol. 56, no. 6, pp. 1627-1631, 2015.
M. J. Scott, G. Baldini, K. C. H. Fearon et al., “Enhanced
Recovery after Surgery (ERAS) for gastrointestinal surgery,
part 1: pathophysiological considerations,” Acta Anaes-
thesiologica Scandinavica, vol. 59, no. 10, pp. 1212-1231, 2015.
[41] Y. M. Ho, S. R. Smith, P. Pockney, P. Lim, and J. Attia, “A
meta-analysis on the effect of sham feeding following
colectomy,” Diseases of the Colon & Rectum, vol. 57, no. 1,
pp. 115-126, 2014.
[42] R. M. Stern, H. E. Crawford, W. R. Stewart, M. W. Vasey, and
K. L. Koch, “Sham feeding,” Digestive Diseases and Sciences,
vol. 34, no. 4, pp. 521-527, 1989.
[43] J. A. Lunding, L. M. nordstrém, a.-o. Haukelid, O. H. Gilja,
A. Berstad, and T. Hausken, “Vagal activation by sham
feeding improves gastric motility in functional dyspepsia,”
Neuro-Gastroenterology and Motility, vol. 20, no. 6, pp. 618—
624, 2008.
I. Mennella, R. Ferracane, F. Zucco, V. Fogliano, and
P. Vitaglione, “Food liking enhances the plasma response of 2-
arachidonoylglycerol and of pancreatic polypeptide upon
modified sham feeding in humans,” Journal of Nutrition,
vol. 145, no. 9, pp. 2169-2175, 2015.

[40

(44



