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Objective. To conduct a systematic review of the literature on the use of enhanced recovery after surgery (ERAS) protocols in spinal 

surgery of children and adolescents to determine the existing evidence of the effectiveness of ERAS implementation in clinical practice.

Material and Methods. The authors conducted a systematic review of the literature on ERAS in spinal and spinal cord surgery in children 

and adolescents selected in the databases of medical literature and search resources of PUBMED/MEDLINE, Google Scholar, Cochrane 

Library and eLibrary according to the PRISMA guidelines and the PICOS inclusion and exclusion criteria.

Results. A total of 12 publications containing information on the treatment of 2,145 children, whose average age was 14.0 years (from 7.2 

to 16.1), were analyzed. In the reviewed publications, the average number of key elements of the ERAS program was 9 (from 2 to 20), and 

a total of 23 elements used in spinal surgery in children and adolescents were identified. The most commonly used elements were preopera-

tive education and counseling, prevention of infectious complications and intestinal obstruction, multimodal analgesia, refusal of routine 

use of drains, nasogastric probes and urinary catheters, standardized anesthesia protocol, early mobilization and enteral loading. The intro-

duction of the ERAS protocol into clinical practice allowed to reduce the complication rate in comparison with the control group by 8.2 % 

(from 2 to 19 %), the volume of blood loss by 230 ml (from 75 to 427 ml), the operation time by 83 minutes (from 23 to 144 minutes), the 

duration of hospitalization by 1.5 days (from 0.5 to 3 days) and the total cost of treatment by 2258.5 dollars (from 860 to 5280 dollars). 

The ERAS program was implemented in pediatric clinics in the USA (75 %), France (8 %) and Canada (17 %).

Conclusion. The conducted systematic review of the literature allows us to conclude that the technology of enhanced recovery after sur-

gery is a promising technology that improves surgical outcomes and is applicable in pediatric practice. There is a significant shortage of 

published studies evaluating the implementation of ERAS in pediatric surgical practice in general, and in spinal surgery in particular, which 

requires further prospective randomized studies to evaluate ERAS in spinal surgery in children and adolescents.
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The technology of Enhanced Recovery 
After Surgery (ERAS), previously known 
as Fast track surgery, Accelerated 
Recovery or Rapid Recovery Pathway, 
is a modern multimodal concept of 
perioperative management of patients 
grounded in evidence-based practices. 
The ERAS program (protocol) includes 
the following [1–4]:

– informing, education and active 
involvement of the patient in all treat-
ment stages, as well as achieving a high 
compliance level;

– minimization of metabolic after-
effects and complications in response 
to surgical stress due to adequate pain 
control and active rehabilitation target-
ing the physical autonomy of the patient;

– planning and organization of dis-
charge, as well as active postoperative 
follow-up.

The unification of evidence-based 
practices (elements of the ERAS pro-
gram) into a single structure provides a 
capability to organize an overall system 
of medical care. It enables to achieve bet-
ter functional outcomes, to increase sat-
isfaction with the responses of treatment 
and the medical care quality, to reduce 
the hospitalization length and compli-
cations by 30–50 %. Additionally, such 
actions will minimize differences in the 
delivery of perioperative care in health 
care institutions, as well as reduce health 
expenditures [1, 2, 5–11].

It was Henrik Kehlet, a Danish pro-
fessor, who developed and introduced 
the concept of ERAS in 1997. He laid 

and justified the principles of Fast 
Track in colorectal surgery [12]. In 2010, 
ERAS®Society was established (https://
erassociety.org), which develops evi-
dence-based ERAS protocols. They have 
already been actively implemented in 
many areas of surgery both in Europe 
and the USA. ERAS is a fairly recent 
paradigm for spine surgery. There-
fore, in recent years there has been an 
increase in publications on this issue 
[7, 8, 13]. Studies have emphasized that 
the ERAS program is safe and effective 
for adults and children [2, 4–6, 14]. The 
first approved ERAS protocol for spine 
surgery in adults for lumbar interbody 
fusion was published in 2021 [2]. Nev-
ertheless, the number of papers devoted 
to the ERAS program implementation 
in spine surgery in children is extreme-
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ly limited. It requires need for further 
research in order to determine whether 
ERAS can be in demand and useful in 
pediatric spine surgery.

Objective: to conduct a systematic 
review of the literature on the use of 
enhanced recovery after surgery (ERAS) 
protocols in spine surgery of children 
and adolescents to determine the exist-
ing evidence of the effectiveness of ERAS 
implementation in clinical practice.

The study design is a systematic litera-
ture review. Level of evidence is 2a.

Material and Methods

The authors conducted a systematic review 
of the literature on ERAS in spine and spinal 
cord surgery in children and adolescents 
using main databases of medical literature 
and search resources of PUBMED/
MEDLINE, Google Scholar, Cochrane 
Library and eLibrary (Table 1) according 
to the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) 
guidelines [15].

At the first stage, the information 
retrieval (Fig. 1) was performed using 
the following keywords: “enhanced 
recovery after surgery”, “ERAS”, “spine/
neurosurgery”, “children”, “technology of 
accelerated recovery after surgery”, “fast 
track”, “children”, “spine surgery/surgery 
of spine”. The last selection of publica-
tions was made on March 4, 2021. Only 
articles in Russian and English were con-
sidered. We gave consideration to the ref-
erences in the selected papers. A total of 
2418 articles for 1993–2021 were found 
on the first search stage. At the second 
stage, an analysis was performed by titles 
and abstracts of published works for 
compliance with the criteria for inclu-
sion and exclusion of PICOS, as well as 
the exclusion of duplicate papers. At the 
third stage, the selected full-text articles 
were studied and analyzed. No papers on 
the topics we addressed here have been 
found in the Russian literature.

Results

Twelve publications were analyzed 
according to the inclusion and exclusion 
criteria (Table 2), considering the use 

of ERAS technology in spinal deformity 
surgery (n = 11) and in functional spinal 
neurosurgery (n = 1). Within literature 
search, there were no articles devoted 
to the use of ERAS in the surgery of 
infectious, tumor and degenerative 
lesions, as well as injury of the spine. 

The findings included information on 
the treatment of 2,145 children, whose 
average age (Fig. 2) at the time of surgi-
cal treatment was 14.0 (from 7.2 to 16.1). 
The ERAS protocol has been applied in 
the treatment of children with adoles-
cent idiopathic scoliosis [16–25], as well 
as with neuromuscular scoliosis [26] and 
infantile cerebral paresis [26, 27]. The 
chosen surgical approach was selective 
posterior rhizotomy [27] in one study, 
and in all the others – spinal deformity 
correction, spinal fusion and transpe-
dicular fixation. 

All the publications under consider-
ation were non-randomized. They were 
published in the last 7 years (from 2014 
to 2021). Most of the studies were ret-
rospective, with a 3b level of strength of 
evidence (Fig. 3). The ERAS program was 
implemented in most cases in children’s 
hospitals in the USA [17–21, 23–27], as 
well as in France [22] and Canada [16, 19].

Key elements of ERAS. In the reviewed 
publications, the average number of key 
elements of the ERAS protocol was 9 
(from 2 to 20). A total of 24 elements 
were identified (preoperative peri-
od – 6, intraoperative – 9, and post-
operative – 9), which are used in spine 
surgery in children and adolescents 
(Fig. 4, Table 2). The most used elements 
(Table 3) became the following:

– preoperative period: preoperative 
education and counseling (58 %), pre-
vention of infectious complications 
(25 %) and preventive multimodal anal-
gesia – MMA (25 %);

– intraoperative period: refusal of rou-
tine use of drains, nasogastric tubes and 
urinary catheters (83 %), MMA (83 %) 
and standardized anesthesia protocol 
(50 %);

– postoperative period: immediate 
mobilization (83 %), postoperative MMA 
(83 %), early enteral nutrition and pre-
vention of intestinal obstruction (67 %).

The effect of ERAS application on com-
plications. The vast majority of research-
ers received a lower level of complica-
tions in the ERAS group compared to 
the control pre-ERAS group [17, 18, 20, 
22–26] by 8.2 % – from 2 % [24] to 19 % 
[26], including a statistically significant 
decrease [18]. Pulmonary [26] and gas-
trointestinal complications were less 
common in the structure of complica-
tions for ERAS groups [22, 24]. Half of 
the authors received a comparable level 
of complications in the compared groups 
with regard to wound infection [16, 18, 
19, 24, 25], as well as a smaller one in the 
ERAS group [22].

Some outcomes of ERAS application. 
Due to the introduction of the ERAS pro-
gram into clinical practice, it was possible 
to achieve the following outcomes, as 
compared with the control group:

– reduction of blood loss by 230 ml: 
from 75 ml [18] to 427 ml [17], including 
statistically significant [17];

– reduction of the surgery duration by 
83 min: from 23 min [25] to 144 min [19];

– providing a lower [19, 20, 22] or 
comparable pain level (the difference 
is less than 1 point according to VAS) 
[20, 23, 25];

– decrease in opioid consumption [21, 
22], including statistically significant [27], 
as well as related side effects [20, 22];

– decrease in the hospitalization 
length by 1.5 days: from 0.5 [27] to 3 days 
[22] associated with a statistically insig-
nificant increase in the ERAS group [25, 
26] or a comparable readmission level 
[16, 20, 21];

– reduction of the total treatment cost 
by an average of $2,258.5: from $860 [27] 
to $5,280 [25];

– providing greater satisfaction and 
comfort [23], as well as comparable in 
quality and timing of social rehabilitation 
of children and their parents [19].

Discussion

Only 12 studies have been found on 
the implementation of the enhanced 
recovery after surgery protocol (ERAS) 
in spine surgery in children and 
adolescents. Furthermore, at the time of 
the literature search, we could not find 
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Table 1

PICOS – inclusion and exclusion criteria

PICOS elements Inclusion criteria Exclusion criteria

Patients Children and adolescents under 18 after spine surgery Adults over 18; injured patients without 

surgery

Intervention Surgeries on the cervical, thoracic and lumbosacral spine departments; 

ERAS in the surgery of deformities, oncological, degenerative, 

infectious and traumatic injuries of the spine, as well as functional 

spinal neurosurgery

No less than two ERAS elements

Comparison ERAS group and control group

Outcome Clinical (assessment of pain, complications, etc.) and economic (hospitalization length, costs, etc.); the use of ERAS  

in spine surgery in adults and children

Study design Randomized and non-randomized; prospective and retrospective Clinical cases; historical research

Publications Publications in English and Russian; full-text Unpublished research; protocols; abstracts

Fig 1
Flowchart of the PRISMA literature search
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Publications identified by keyword search in the PUBMED, Google Scholar, 

Cochrane Library and eLibrary databases (n = 2407)

Total number of analyzed publications (n1 = 2418)

Studies which have passed the second selection stage (n2 = 21)

Relevant publications included in the analysis (n3 = 12)

Injury of spine 

(n = 0)

Infectious lesions 

of the spine (n = 0)
Spinal tumors 

(n = 0)
Spinal deformities 

(n = 11)

Degenerative spine 

conditions (n = 0)

Functional 

spinal neurosurgery 

(n = 1)

Additional publications identified 

from other sources  (n = 11)

Excluded publications: 

non-compliance with the criteria for the content 

of the title or abstract (n = 2397)

Excluded publications (n = 9):

– reviews (n = 6)

– no control group (n = 3)
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a single review in the world literature 
in which an analysis was conducted to 
evaluate the implementation of the ERAS 
protocol in spine surgery in children. The 
paper by Pennington et al. [28] can be 
considered as an exception. It analyzed 
the publications on ERAS only in the 
surgical treatment of spinal deformities 
in children. The authors have found that 
the introduction of the ERAS program is 
associated with a reduced hospitalization 
length by 1.1 days, fewer postoperative 
complications, lower pain levels, as 
well as an earlier discontinuation of 
patient-controlled analgesia [28]. The 
introduction of the ERAS program in 
the treatment of spinal deformities in 
children is another step in the treatment 
evolution of this challenging category of 
patients.

In pediatric surgery, the number of 
papers on the ERAS program is also small. 
Many authors explain this with the delay 
in the recognition of ERAS in this surgical 
industry [5, 6, 14, 29]. Though there is a 
small amount of research on ERAS, there 
is evidence that this program is feasible, 
safe and effective in pediatric surgical 
practice. Moreover, it helps to improve 
the satisfaction of patients and their par-
ents with the treatment outcomes [2, 4–6, 
14, 30].

In 2021, a whole team of authors 
led by Debono [2] for the first time in 
spine surgery in adults published the offi-
cial guidelines of the ERAS®Society for 
operations with lumbar fusion. Within 
the framework of this agreement, not 
only 22 elements and their guidelines for 
inclusion in the protocol were identified, 
but also the quality of evidence and the 
level of the recommendation under con-
sideration for the GRADE system were 
given [31].

Due to the fact that until now the 
ERAS®Society (https://erassociety.org) 
has not approved any protocol for pedi-
atric spine surgery, as a result of the lite-
rature analysis, a table was synthesized 
for the first time (Table 3). It consists of 
perioperative periods, elements of the 
ERAS protocol, their justification and the 
frequency of inclusion in children [5–7, 
14, 29, 32, 33]. A total of 24 elements of 
the ERAS program have been identified. 

According to the analysis, they are cur-
rently applied in spine surgery in chil-
dren and adolescents. It is worth noting 
that some of the elements (prevention 
of infectious complications, audit, mul-
timodal analgesia, etc.) are duplicated in 
the frames of different periods of medi-
cal care.

There was an average of 9 elements 
in the ERAS program, according to our 
review. As for spine surgery in adults, 
there were 13–19 elements [9, 34, 35]. 
There is a significant difference between 
children and adults in the type and pos-
sible scope of surgery, which is due to 

anatomical and physiological features, as 
well as different comorbid background 
and possible functional disorders. The 
nonuniformity of the age and stage of 
physiological and neurological develop-
ment of children contribute even more 
to the direct comparison and extrapo-
lation of the experience of implement-
ed technologies in adults into children’s 
practice. Comprehension of these dif-
ferences will allow to define and adapt 
the «adult» ERAS protocols in the best 
way [5]. It is essential to understand that 
the features described above require the 
development of several ERAS programs 

Total number 
of patients

Total number 
of patients

EARS pre-EARS

0

1000

1130

2145

1015

2000

3000

а b EARS pre-EARS

0

13

14

14.2

13.8
14

15

non-randomized

retrospective

2b

randomized

100 %

0 %

8 %

92 % prospective

67 %

33 %
3b

2014

2016

2017

2019

2020

2021

17%

33 %8 %

25 %

8 % 8 %

Fig 2
Distribution of the population: a – by groups (people); b – by average age in the group 
(y.o.)

Fig 3
Distribution of studies: a – by randomization; b – by the data collection method; c – by 
the strength of evidence; d – by years

а

c

b

d



Hirurgia Pozvonochnika 2021;18(4):6–27 

10
Spine deformities

A.P. Saifullin et al. Enhanced recovery after surgery in pediatric spine surgery 

Table 2

Summary of studies implementing the ERAS protocol in spine surgery in children and adolescents

Authors Year, 

country

Overview of the study Number of 

people (group)

Age of 

patients, 

y.o.

Analyzed 

pathology

Operations 

performed

Elements of 

the ERAS 

protocol, n

Bellaire et al. [26] 2019, 

USA

Retrospective non-

randomized case-control 

study – 3b

n = 29 

(pre-ERAS)

12.7 ± 3.1 Neuromuscular 

scoliosis, infantile 

cerebral paresis 

(ICP)

Correction of 

spinal deformity, 

spinal fusion, 

transpedicular 

fixation (TPF)

9

n = 42 (ERAS) 12.8 ± 3.1

DeVries et al. [16] 2020, 

Canada

Retrospective non-

randomized case-control 

study – 3b

n = 113 

(pre-ERAS)

15.2 ± 2.0 Adolescent 

idiopathic 

scoliosis

Correction of spinal 

deformity, spinal 

fusion, TPF

9

n = 131 (ERAS) 15.3 ± 1.9

Fletcher et al. [17] 2014, 

USA

Retrospective non-

randomized case-control 

study – 3b

n = 125 

(pre-ERAS)

14.7 ± 2.3 Adolescent 

idiopathic 

scoliosis

Correction of spinal 

deformity, spinal 

fusion, TPF

9

n = 154 (ERAS) 14.4 ± 1.9

Fletcher et al. [18] 2017, 

USA

Retrospective non-

randomized case-control 

study – 3b

n = 45 

(pre-ERAS)

14.9 ± 1.8 Adolescent 

idiopathic 

scoliosis

Correction of spinal 

deformity, spinal 

fusion, TPF

14

n = 105 (ERAS) 14.1 ± 1.6

Fletcher et al. [19] 2021, 

USA, 

Canada

Retrospective 

non-randomized cohort 

study – 2b

n = 73 

(pre-ERAS)

16.1 ± 2.1 Adolescent 

idiopathic 

scoliosis

Correction of spinal 

deformity, spinal 

fusion, TPF

6

n = 203 (ERAS) 14.3 ± 2.1

Gornitzky et al. [21] 2016, 

USA

Retrospective 

non-randomized cohort 

study – 2b

n = 80 

(pre-ERAS)

15.0 ± 2.3 Adolescent 

idiopathic 

scoliosis

Correction of spinal 

deformity, spinal 

fusion, TPF

7

n = 58 (ERAS) 14.8 ± 2.3

Julien-Marsollier 

et al. [22]

2020, 

France

Retrospective 

non-randomized cohort 

study – 2b

n = 81 

(pre-ERAS)

15.0 ± 2.0 Adolescent 

idiopathic 

scoliosis

Correction of spinal 

deformity, spinal 

fusion, TPF

20

n = 82 (ERAS) 15.3 ± 1.8
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Таблица 2
Сводная таблица исследований, реализующих протокол ERAS в спинальной

Hospitalization, 

days

Number and structure of complications, % Other outcomes Treatment 

cost

4.9 ± 1.4 A total of 33 % in the ERAS versus 52 % in the pre-

ERAS group, including pulmonary – 21 % versus 

38 %, respectively. There were no differences in 

wound complications and reoperations

Statistically significant decrease in length of 

hospitalization by 19 % in the ERAS group. Increasing 

frequency of readmission in the 30-day period in the ERAS 

group (23.8 % vs. 7.0 %). Reduction of blood loss in the 

ERAS group (526 ml vs. 850 ml)

No data 

available

4.0 ± 1.5 No data 

available

5.2 No differences were found in the frequency of 

wound complications (ERAS 3.05 % vs. 2.65 %), 

30-day reoperations and hospitalizations between 

the groups (p > 0.05)

Less blood loss in the ERAS group (806 ± 418 ml vs.  

994 ± 606 ml) affected by a larger correction  

(ERAS 45.8° ± 13.8° vs. 38.2° ± 12.1°)

No data 

available

3.4 No data 

available

4.3 ± 1.1 15.59 % (ERAS) vs. 10.4 % (pre-ERAS) Reduction of the operation duration in the ERAS group 

(220 ± 45 vs. 312 ± 68 min, p < 0.0001). Significant 

decrease in blood loss in the ERAS group (336 ± 313 

ml vs. 763 ± 556 ml, p < 0.0001). Lower incidence of 

osteotomies (5.2 vs. 30.1 %, p = 0.03) and implants in the 

ERAS group. Reduction of total treatment costs by 33 % 

in the ERAS group

$2779

2.9 ± 0.7 $1.885

4.2 7.6 % (ERAS) versus 20.0 % (pre-ERAS) 

is statistically significant. Comparable level 

of wound infections (1.1 % in the ERAS group 

versus 2.2 %) and medical complications

Lesser surgery duration in the ERAS group 

(187 min vs. 235 min) and blood loss volume 

(275 ml vs. 350 ml, respectively)

No data 

available

2.2 No data 

available

4.8 Wound complications - ERAS 1.5 % vs. 1.4 %  

in the pre-ERAS group

Lesser surgery duration (ERAS 2.8 h vs. 4.8 h, p < 0.001) 

and volume of blood loss (ERAS 240 ml vs. 500 ml,  

p < 0.001), with lower curve magnitude (ERAS 54° vs. 62°, 

p < 0.001), length of fixation (ERAS 10.1 ± 2.6 vs.  

11.4 ± 1.6, p < 0.001) and frequency of osteotomies 

(ERAS 46% vs. 94 %). Lower pain level (ERAS 2.0 vs.  

4.0 according to VAS). Comparable in terms of the 

recovery quality, for the time of return to school  

(ERAS 20.0 vs. 20.5), and for parents of children to work 

(ERAS 10.0 vs. 10.0)

No data 

available

2.2 No data 

available

5.0 ± 0.8 Reducing the frequency of side effects in the  

ERAS group associated with opioids

In the ERAS group, the average daily pain level was lower 

by 0 (p = 0.027), 1 (p < 0.001) and 2 (p = 0.004) POD. 

In the ERAS group, termination of patient-controlled 

analgesia occurred 34 % earlier. In the ERAS group, 

urinary catheters were removed 26 % earlier.  

No difference in readmission during the first 30 days

No data 

available

3.5 ± 0.8 No data 

available

7.0 The frequency of postoperative nausea and 

vomiting did not differ between the two groups,  

and the frequency of constipation reduced slightly, 

but significantly in the ERAS group on day  

3 (56.8 % vs. 70.2 %). The frequency of wound 

infections within 30 days after surgery was slightly 

lower in the ERAS group – 4.9 % versus 7.3 %

The intensity of pain at rest and movement is lower in the 

ERAS group on the 2nd and 3rd day associated with lower 

opioid consumption (by 25 % and 35 % on the 2nd  

and 3rd day, respectively)

No data 

available

4.0 No data 

available
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depending on the age of the child and 
the pathology under consideration [9].

The greater number of elements in 
ERAS protocols for adults is typical not 
only for spine surgery. Shinnik et al. [29] 
revealed that the average number of 
ERAS elements in pediatric surgery is 5.6 
versus 23.8 in surgery protocols in adults. 
This may be due to the fact that ERAS ele-
ments in adults, for example thrombo-
prophylaxis, are considered less relevant 
in pediatrics.

In our study, all the authors reported 
one of the main results: a reduction in 
the hospitalization length by an average 
of 1.5 days. Reducing the hospitalization 
length has many possible advantages. For 
example, a shorter exposure to nosoco-
mial infection, an early return of children 
to home conditions and their parents to 
work. We suppose that these outcomes 
should encourage more active imple-
mentation of ERAS protocols in spine 
surgery in children [18, 22, 36, 37].

Meanwhile, attention should be paid 
to the paper of Bellaire et al. [26]. In the 
course of this study, it was found that 
ERAS, like any medical technology, is not 
a panacea and will be implemented for 
90 % of patients. The remaining 10 % 
need a more personalized approach. We 
consider that in pediatric surgery in gen-
eral, and in spine surgery in particular, it 
is essential to coordinate efforts, as well 
as to develop and implement scientif-
ically-based elements of the ERAS pro-

End of table  2 

Authors Year, 

country

Overview of the study Number of 

people (group)

Age of 

patients, 

y.o.

Analyzed 

pathology

Operations 

performed

Elements of 

the ERAS 

protocol, n

Muhly et al. [20] 2016, 

USA

Retrospective non-

randomized case-control 

study – 3b

n = 134 

(pre-ERAS)

15.0 Adolescent 

idiopathic 

scoliosis

Correction of spinal 

deformity, spinal 

fusion, TPF

7

n = 84 (ERAS) 14.0

Rao et al.

[23]

2017, 

USA

Retrospective non-

randomized case-control 

study – 3b

n = 51 

(pre-ERAS)

15.0 Adolescent 

idiopathic 

scoliosis

Correction of spinal 

deformity, spinal 

fusion, TPF

15

n = 100 

(ERAS-1)

14.9

n = 39 

(ERAS-2)

13.5

Raudenbush et al. 

[24]

2017, 

USA

Retrospective non-

randomized case-control 

study – 3b

n = 50 

(pre-ERAS)

15 Adolescent 

idiopathic 

scoliosis

Correction of spinal 

deformity, spinal 

fusion, TPF

4

n = 30 (ERAS) 14

Sanders et al. [25] 2017, 

USA

Retrospective non-

randomized case-control 

study – 3b

n = 194 

(pre-ERAS)

14.0 Adolescent 

idiopathic 

scoliosis

Correction of spinal 

deformity, spinal 

fusion, TPF

7

n = 90 (ERAS) 14.3

Shao et al. [27] 2020, 

USA

Retrospective 

non-randomized cohort 

study – 2b

n = 40 

(pre-ERAS)

7.2 ± 3.6 ICP Selective dorsal 

rhizotomy

2

n = 12 (ERAS) 7.8 ± 5.1
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gram in actual surgical practice. This is 
especially interesting, challenging and 
crucial for all sections of spine surgery in 
children and adolescents [38].

Limitations and prospects of the 
study. Our systematic review has several 
limitations:

– the publication biased error risk 
and possibly incomplete volume of the 
identified publications, since only the 
papers published in the main databas-
es: PUBMED/MEDLINE, Google Schol-

ar, Cochrane Library and eLibrary were 
analyzed;

– there were no randomized con-
trolled studies among the analyzed 
publications;

– at the initial stage of the literature 
search, the process was performed by 
one researcher, which may influence the 
risk of biased error.

Nevertheless, our systematic review 
analyzes the available publications on 
the issue under consideration. In the 

course of analysis, a summary table of 
evidence-based elements of the ERAS 
protocol used in spine surgery in adults 
and children was made. These recom-
mendations are crucial for generalizing 
heterogeneous studies in spine surgery in 
children, where the introduction of ERAS 
is in an embryonic state.

Our paper can help create a founda-
tion for further standardized studies, as 
well as support healthcare officials in 
deciding on the ERAS protocol for spine 

Hospitalization, 

days

Number and structure of complications, % Other outcomes Treatment 

cost

5.7 Comparable pain syndrome scores with an improvement of 0 (3.8 vs. 4.9) and 1 (3.8 vs. 5) POD.

No difference in the frequency of readmission during the first 30 days. No data available

No data 

available

4.0 No data 

available

98.4 ± 27.8 ч Reducing the number of complications  

(pre-ERAS: ERAS-1: ERAS-2 = 12 : 1 : 3 %)

The average pain scores are comparable, but slightly 

lower in the ERAS group (>1 point according to VAS).

Greater satisfaction comfort in ERAS-1 and ERAS-2 

groups compared to pre-ERAS.

Increased duration of surgery (pre-ERAS 2.9 ± 3.7  

min vs. 4.7 ±1.0 min ERAS)

No data 

available

ERAS-1 = 

97.4 ± 27.8 ч

No data 

available

ERAS-2 = 

84.3 ± 27.7 ч

4.2 Comparable level of complications: ERAS – 20 % (6 cases), including major – 3.3 % (1 deep wound infection) 

and minor – 16.7 % (2 progressions of non-structural curve, 1 implant-associated and 2 superficial wound 

infections). In the control group – 22 % (11 cases), where major complications – 6 % (1 hydropneumathorax, 

1 deep wound infection and 1 superior mesenteric artery syndrome), minor – 16 % (1 urinary tract infection,  

5 superficial wound infections (granulomas) and 2 implant-associated infections)

Reduction of 

total average 

costs by 9 % 

or by $2000/

case3.3

5.0 Reduced complication rate (ERAS 12.9 % vs. 

5.6 %, p = 0.060). Comparable level of wound 

complications (ERAS 3.3 % vs. 3.6%, p = 0.91).

The frequency of early complications in ERAS 

2.2 % versus 5.2 % in pre-ERAS and late 

complications – 3.3 % and 7.7 %, respectively

No statistically significant difference in readmission was 

found (ERAS 4.4 % vs. 1.5 %, p = 0.213). However, there 

were more frequent reoperations in the control group  

(9.29 % vs. ERAS 2 %). No significant differences  

(>1 point according to VAS) were found in the pain level 

assessment between the groups. Reduction of the timing 

of surgery (ERAS 275 min vs 252 min, p = 0.0398). 

Reduction of blood loss (ERAS 479 ml vs. 586 ml,  

p = 0.0281)

$23640

3.7 $18360

3.5 Statistically significant decrease in opioid consumption without increasing the total treatment cost.  

No statistically significant differences were revealed in the doses of antiemetics, the need for opioids  

at discharge, the hospitalization length, and the total treatment cost

$25050 ± 

4564

3.0 $24190 ± 

2476
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surgery in children and adolescents to be 
implemented in clinical practice.

Conclusions

The conducted systematic review of 
the literature allows us to conclude that 

the technology of enhanced recovery 
after surgery (ERAS) is a promising tech-
nology that improves surgical outcomes 
and is applicable in pediatric practice.

There is a significant shortage of pub-
lished studies evaluating the implementa-
tion of ERAS in pediatric surgical practice 

in general, and in spine surgery in partic-
ular, which requires further prospective 
randomized studies to evaluate ERAS in 
spine surgery in children and adolescents.

Fig  4
Protocol of recommended ERAS elements in spine surgery in children and adolescents according to the review

Preoperative Intraoperative Postoperative

• Education and consultations 
• Risk assessment, correction of lifestyle 
and chronic diseases

• Assessment of nutritional status, minimi-
zation of preoperative fasting, routine use 
of oral carbohydrate “loading”

• Active follow-up and consultations
• Immediate mobilization and physical  
rehabilitation, return to the preoperative 
level of physical activity of the patient

• Early enteral nutrition and prevention 
of intestinal obstruction

• Minimally invasive spine surgery (MISS)
• Blood loss management
• Standardized anesthesia protocol

 Prevention of infectious complications 

 Multimodal analgesia (MMA) with minimization of opioid consumption 

 Continuous audit and feedback assessment

 Refusal of routine use/early removal of drains, nasogastric tubes  
and urinary catheters 

Body balance control (normothermia and normovolemia) 

Prevention and treatment of postoperative nausea and vomiting
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Table 3

Recommended elements of the ERAS protocol in spine surgery in adults and children [2, 5–7, 14, 29, 32, 33]

ERAS protocol 

element

Justification of the required element Recommendations 

of the ERAS®Society [2]

 for adults (≥18 years), 

lumbar fusion

Inclusion 

frequency 

in children 

(according  

to the review)

Preoperative period

Preoperative 

education and 

consultations

A preoperative consultation is a basic element of ERAS, during which patients 

receive information concerning the upcoming surgical treatment and prepara-

tion for it, risk factors and possible complications, as well as specific features 

of the course of the postoperative period. All these actions promote emotional 

preparation of the patient, reduce preoperative anxiety and severity of postop-

erative pain. A well-informed patient has the most favorable outcome. Thence, 

realistic expectations should be set before surgery to avoid subsequent dissat-

isfaction [34, 39]. Children should be specifically informed, including the ex-

pected pain level [40]. Blount’s prescriptive model advises communicating rel-

evant information to children before planning the procedure and minimizing new 

information on the day/during the operation. The optimal time of provision of 

information is very important to reduce anxiety and negative dreams. Children 

over six should receive information more than five days in advance, and younger 

children – closer to the beginning of procedure [5]. Since the anxiety of parents 

on the day of surgery correlates with the elevated anxiety of the child, it is es-

sential to include parents in the preoperative educational process [41]. Parents 

sign an informed consent and consent to be involved in the ERAS program. The 

criteria of the planned discharge are explained: a complete return to the previous 

level of nutrition, the administration of physical needs, successful mobilization 

of the patient and control of the pain syndrome with oral analgesics [14]

Preoperative education  

of patients is recommended. 

Evidence strength 

level (ESL) – low. 

Recommendation level  

(RL) – strong

58 % 

(7 out of 12) 

[16–18, 22, 

23, 25, 26]

Risk assessment, 

correction of lifestyle 

and chronic diseases

It is important to evaluate the comorbid status, lifestyle and compensation of 

chronic diseases to prevent postoperative complications. For example, diabetes 

mellitus in a patient after spine and spinal cord surgery is associated with a high 

frequency of infectious and other complications, great health expenditures and 

repeated hospitalizations in the early postoperative period [42]. Preoperative 

anemia is related to an increased risk of blood transfusion, an increased hospi-

talization length and frequency of readmissions, infectious and other compli-

cations, as well as the total treatment cost [43, 44]. It is necessary to have a 

conversation with the patient regarding smoking and alcohol to give up these 

habits, since this is associated with better wound healing, improvement of late 

fates, reduction in the number of complications and mortality. It is required to 

consider the possibility of obligatory cessation of smoking and alcohol consump-

tion in such patients 4 weeks before and after surgery with the use of appropriate 

adjunctive means and consultation [2, 45]. The continuation of smoking after 

spine surgery relates to increased recurrence of disc herniation, raised opioid 

consumption and pseudoarthrosis [46, 47]

Patients before lumbar 

fusion: assessment and 

correction of anemia  

(ESL – low, RL – strong). 

The combination therapy 

for smoking cessation is 

recommended at least 4 

weeks before surgery  

(ESL – moderate,  

RL – strong). Abstinence 

4–8 weeks before surgery 

may decrease postoperative 

complications  

(ESL – moderate,  

RL – strong)

8 % 

(1 out of  12) 

[22]
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Continuation of table  3

ERAS protocol 

element

Justification of the required element Recommendations 

of the ERAS®Society [2]

 for adults (≥18 years), 

lumbar fusion

Inclusion 

frequency 

in children 

(according  

to the review)

Optimization of 

nutritional status, 

minimization of 

preoperative fasting, 

routine use of 

oral carbohydrate 

“loading”

Nutrition optimization is an essential component of preoperative preparation, dur-

ing which it is required to evaluate the nutritional status. Malnutrition, low levels of 

albumin, transferrin and lymphocytes are associated with an elevated risk of infections 

in the surgical site, postoperative complications, increased hospitalization length,  

30-day readmission and mortality after spine surgery [2]. Fasting for days before sur-

gery strengthens metabolic and immune responses, which cause a catabolic state that 

raises insulin resistance and potentially downsizes intravascular volume. Fasting from 

midnight until the general anesthesia administration is aimed at reducing the volume 

and acidity of stomach contents during surgery, which lowers the risk of pulmonary 

aspiration. Yet this belief has not been empirically confirmed, which has been demon-

strated in many randomized clinical trials [2, 30, 48]. Preoperative oral carbohydrate 

therapy (carbonate loading) reduces anxiety, hunger, insulin resistance, protein deg-

radation and the frequency of postoperative complications. A carbohydrate drink (for 

example, Gatorade or Pedialyte) supports glycogen storage, promotes wound healing, 

enhances overall muscle strength, restores bowel action and accelerates recovery. It is 

recommended to take the last meal 6 hours and liquids, including a carbohydrate drink, 

2–3 hours before surgery to maintain the reserves of the body and reduce the physical 

exertion associated with prolonged anesthesia (from 10 ml/kg, but up to 200–350 ml) 

[6, 13, 14, 32, 49, 50]

The patient should undergo 

a preoperative nutrition 

evaluation for the addition 

of dietary supplements to 

the diet before performing 

lumbar fusion  

(ESL – low, RL – strong). 

For patients with low  

BMI – preoperative 

nutrition correction  

(ESL – low, RL – strong). 

Water intake should be 

allowed for 2 hours, and 

solid food for 6 hours before 

the induction of general 

anesthesia (ESL – high, 

RL – strong). There is not 

enough evidence regarding 

carbohydrate loading

17 % 

(2 из 12) [22, 

26]

Avoiding routine 

mechanical bowel 

preparation

Contradictory outcomes are reported regarding bowel preparation. Nevertheless, 

researchers come to the conclusion that hyperosmotic enema should be avoided and 

isotonic enema should be performed in combination with perioperative antibiotic 

prophylaxis, which minimizes the infectious complications risk without worsening 

recovery [51]. Despite this result has not yet been replicated according to the litera-

ture in pediatrics, there are no obvious reasons why it cannot be extrapolated for pe-

diatric practice [5]. Regarding the preoperative preparation of the intestine, there 

is also no strong belief in spine surgery. Liu et al. [52] included bowel preparation 

in their protocol, conducting a glycerin enema with chronic constipation or absence 

of bowel movements for more than 2 days. Other authors reject enemas before spine 

surgery and come to the conclusion that bowel preparation has a negative effect on 

recovery [53, 54]

The element is not included 

in the protocol at this stage

We did not 

find this 

element in the 

publications 

under 

consideration
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Continuation of table 3

ERAS protocol 

element

Justification of the required element Recommendations 

of the ERAS®Society [2]

 for adults (≥18 years), 

lumbar fusion

Inclusion 

frequency 

in children 

(according  

to the review)

Prevention 

of infectious 

complications

Surgical site infection is one of the most common complications in pediatric sur-

gery, especially in colorectal and spine one [55]. Scientifically grounded ways 

to solve this problem are maintenance of normothermia, antiseptic dressing 

(chlorhexidine bath) before surgery, preoperative oral or intravenous antibiot-

ics 60 minutes before incision and every 4 hours during long-term procedures, 

as well as treatment of the surgical area with chlorhexidine and step-by-step 

change of gloves [6, 29, 32, 56]

Antiseptic dressing before 

surgery (ESL – low,  

RL – moderate). 

Administration of a 

broad-spectrum antibiotic 

(covering S. aureus) with 

repeated administration 

during long-term procedures 

(ESL – high, RL – strong)

25 % 

(3 out of  12) 

[18, 22, 23]

Avoiding routine  

use of sedatives

Patients should not regularly take sedatives or anxiolytic drugs before surgery, 

as this slows down recovery, may cause neurocognitive disorders and other side 

effects [2, 6, 32, 57]

It is not recommended  

to have a routine sedative 

medication to reduce 

anxiety before surgery  

(ESL – low, RL – strong)

This element 

was not 

found in the 

considered 

publications

Thromboprophylaxis There is no consensus on thromboprophylaxis for children under 10. However, 

children aged from 10 to 17 are offered thromboprophylaxis in procedures of 

more than 60 minutes and at high risk of venous thromboembolism (VTE) – 

with ≥ 1 risk factor (age ≥ 14, neurological impairment, VTE, oncology and the 

condition after surgery for injuries and spinal deformities in the anamnesis, BMI 

> 30). Such patients should use compression stockings and undergo regular 

pneumatic compression of the lower extremities. Also, they should be assigned 

anticoagulant therapy [5, 6, 32, 58–60]

The element is not included  

in the protocol at this stage

This element 

was not 

found in the 

considered 

publications

Preventive 

multimodal analgesia 

(MMA)  

with minimization  

of opioid 

consumption

Optimization of perioperative analgesia due to the inclusion of MMA is the 

standard for treatment in ERAS protocols. The stages of MMA within the pre-

operative (preventive or preemptive), intraoperative and postoperative periods 

have proven their efficiency for recovery in spine surgery. MMA promotes mak-

ing the patient more functional, ready for immediate mobilization and physical 

rehabilitation in the postoperative period [12, 13, 61, 62]. The administration 

of non-opioid analgesics and regional analgesia before induction of anesthesia 

correlates with a reduced pain level and the need for anesthesia. The following 

non-opioid analgesics are administered to children: acetaminophen, midazolam, 

gabapentin, lidocaine, ketamine and NSAIDs. Intravenous administration of 

acetaminophen is preferable (the maximum daily dose is 75 mg/kg) compared 

with rectal (unreliable absorption and excessively high doses – 35–45 mg/kg). 

Depending on the procedure and the risk of postoperative bleeding, the possibil-

ity of intravenous administration of ketorolac may be considered. Its analgesic 

efficacy is comparable to that of morphine. Simultaneously, it reduces the fre-

quency of postoperative nausea and vomiting associated with opioids [6, 13, 32, 

63, 64]. It is worth noting that currently there is no convincing evidence of the 

negative effect of NSAIDs on bone healing. Moreover, it is known that short-

term administration of NSAIDs for 2 weeks does not affect the bone block for-

mation [65]. See Intraoperative period

The routine preoperative 

administration of 

paracetamol, NSAIDs and 

gabapentinoids under  

MMA is recommended  

(ESL – moderate,  

RL – strong)

25 % 

(3 out of  12) 

[20–22]
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Continuation of table 3

ERAS protocol 

element

Justification of the required element Recommendations 

of the ERAS®Society [2]

 for adults (≥18 years), 

lumbar fusion

Inclusion 

frequency 

in children 

(according  

to the review)

Prehabilitation Prehabilitation – improving the body functional ability before surgery to 

accelerate the functional recovery after surgery. In surgery, Prehabilitation 

includes a set of exercises, diet therapy and psychological training. It has been 

proven that this element helps recovery in general surgery [66, 67]

This technique does not have 

enough evidence to be recom-

mended to all patients

This element 

was not 

found in the 

considered 

publications

Continuous audit and 

feedback assessment

Monitoring and regular feedback assessment at all stages of treatment helps to 

evaluate the outcome satisfaction, pain severity and functional capacity of patients 

[9, 34, 35, 68]. Moreover, they guarantee the successful implementation of the 

ERAS protocol [69, 70]. The medical staff is in favor of ERAS implementation. 

Nevertheless, it considers this process difficult [71]. Thus, it is recommended to 

implement ERAS by a multidisciplinary team, adhering to strict compliance with 

ERAS recommendations for continuous improvement of the medical care quality 

[4, 72–75]

Regular audit and feedback 

assessment are essential 

for implementing ERAS 

protocols and improving the 

medical care quality  

(ESL – low, RL – strong)

8 % 

(1 out of 12) 

[23]

Intraoperative period

Minimally invasive 

spine surgery 

(MISS), modern 

technologies

The use of MISS techniques helps patients recover quickly after surgery. It is 

one of the key elements of the ERAS program. The use of a standard posteri-

or median approach with skeletonization of the spine ensures direct approach 

to its posterior column. Nevertheless, this contributes to the development of 

muscular atrophy and the formation of a long-term local pain syndrome in the 

postoperative period, which results in deterioration of functional outcomes and 

increases the complication risk [34, 76]

Surgical technique should 

be specified on a case-by-

case basis, considering 

the mission objective, the 

surgeon’s experience and the 

technical equipment of the 

in-patient facility  

(ESL – low, RL – strong)

42 % 

(5 out of 12) 

[16, 18, 22, 

23, 25]

Intraoperative 

MMA

See Preoperative period. MMA allows to minimize the use of opioids in the 

postoperative period, which correlates with a reduced hospitalization, finan-

cial costs, the number of complications and side effects (nausea and vomiting, 

pruritus, hyperalgesia, constipation and postoperative ileus, acute tolerance to 

opioids, respiratory failure, etc.). Nevertheless, intravenous administration of 

opioids as part of patient-controlled analgesia (PKA) is still the basis of post-

operative analgesia. Thus, in cases where the administration of opioids is still 

necessary, attempts may be made to include short-acting opioids (sufentanil) 

[13, 33, 61, 62]. Epidural (EPI) and intrathecal (IT) administration techniques 

are a more effective alternative to intravenous administration of opioids regard-

ing analgesia, its duration and recovery. Caudal catheters are installed in infants 

and young children; epidural catheters are installed in children over 6, which is 

due to the anatomical position of the sacrum in relation to the lumbar vertebrae. 

For EPI, 10–20 g/kg of hydromorphone is bolus-injected through an epidural 

catheter, followed by an infusion of 20 g/ml of hydromorphone and 0.1 % bupi-

vacaine at an initial rate of 0.1–0.2 ml/kg/h [6, 32, 77]. For EPI, Cohen et al. 

[78] injected epidural morphine with prolonged release (EREM) 150 mcg/kg. 

Morphine is also used for IT after induction of anesthesia before incision at a 

dose of 2–19 mcg/kg (on average 14 mcg/kg) with an effect of up to 12.0–18.8 

hours. There is convincing evidence that IT administration of opioids can signifi-

cantly decrease intraoperative blood loss. Nevertheless, this mechanism remains 

unclear [33, 79]

To reduce the severity 

of postoperative pain 

syndrome, intrathecal 

administration of 

morphine, epidural 

analgesia, locoregional 

blocks or wound infiltration 

with long-acting local 

anesthetics should be used 

(ESL – high, RL – strong)

83 % 

(10 out of 12) 

[16–24, 27]
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Continuation of table 3

ERAS protocol 

element

Justification of the required element Recommendations 

of the ERAS®Society [2]

 for adults (≥18 years), 

lumbar fusion

Inclusion 

frequency 

in children 

(according  

to the review)

 The addition of naloxone can improve the effectiveness of IT injection of morphine 

and reduce the number of complications [80]. Additionally, local infiltration of the 

surgical incision with local anesthetics (ropivacaine, bupivacaine) downgrades the 

pain syndrome and accelerates recovery [7, 54, 81, 82]. Detailed evidence-based 

guidelines for the use of multimodal anesthesia and its components with dosage in 

spine surgery in children are given in a recent review by Lee et al. [12]

Homeostatic 

balance control 

(normothermia  

and normovolemia)

Intraoperative homeostatic balance control correlates with a reduction in post-

operative complications and with a better recovery [4]. Normothermia and nor-

movolemia can decrease postoperative respiratory, cardiovascular and intestinal 

complications, wound infections and hospitalization length, as well as improve 

the function of respiration and digestion after procedure. Normothermia is 

maintained in various ways in the range from 36 to 38 °C (heated fluid for infu-

sions, blankets, circulating air heating devices); normovolemia is early enteral 

intake of fluids and restriction of intravenous administration by goal-directed 

fluid therapy (GDFT) in combination with hemodynamic monitoring. The goal 

of GDFT is to achieve euvolemia. It means zero fluid balance in the perioperative 

period to reduce complications and hospitalization length. The total volume of 

intravenous infusions is from 3 to 7 ml/kg/h under the control of hemodynamic 

parameters [6, 13, 32, 52, 54, 83–88] 

Normothermia should be 

maintained in the perioperative 

period by active heating of 

patients intraoperatively 

(ESL – high, RL – strong). 

Intravenous infusions should 

promote and maintain 

euvolemia (ESL – moderate, 

RL – strong). GDFT is not 

required for 1-2-level lumbar 

fusion; it should be considered 

in the presence of serious 

related diseases (ESL – low, 

RL – strong)

17 % 

(2 out of  

12) [22, 

26]

Blood loss 

management

Minimizing blood loss can reduce the risk of hypotension, damage to target organs 

and the development of coagulopathy, as well as complications associated with 

blood transfusion. Tranexamic acid, preoperative arterial embolization in tumors 

with a high risk of bleeding, autotransfusion, as well as iron supplementation to 

patients with anemia in the preoperative period are used intraoperatively to control 

blood loss and prevent associated complications [5, 35, 89]

The element is not included 

in the protocol at this stage

25 % 

(3 out  

of  12)  

[16, 22, 26]

Refusal of routine 

use of drains, 

nasogastric tubes 

and urinary 

catheters

Long-term use of surgical drains is associated with the development of infec-

tious complications [35, 52]; the installation of drain itself does not cause a 

decrease in the frequency of wound infection and postoperative epidural hema-

toma [90-94]. Nevertheless, Mirzai et al. [95] report that the installation of 

drain decreases both the frequency and the size of the hematoma on the first 

postoperative day, which is crucial for preventing postoperative fibrosis and im-

proving the results of procedure. The use of a nasogastric tube is related to a 

slow recovery of bowel action [6, 32], and urinary catheterization is associated 

with postoperative urinary retention, urinary tract infections, the risk of sepsis, 

injuries to the urethra, bladder and kidneys, the onset of pseudopolypes. Con-

scious restriction of the use of drains, tubes and catheters can minimize side ef-

fects, simplify patient mobilization and reduce treatment costs [54, 61, 96–98]

The routine use of urinary 

catheters is not recom-

mended. If they are used, 

the catheters should be 

removed within a few hours 

after the procedure  

(ESL – moderate, RL –

weak)

83 % 

(10 out  

of  12) 

[16–23, 25, 

26]
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Continuation of table  3

ERAS protocol 

element

Justification of the required element Recommendations 

of the ERAS®Society [2]

 for adults (≥18 years), 

lumbar fusion

Inclusion 

frequency 

in children 

(according  

to the review)

Prevention 

of infectious 

complications

See Preoperative period. The time of patient’s skin preparation is very impor-

tant. It has been proven that the number of bacteria on the skin is significantly 

decreased if povidone-iodine is used. It is true if the drug to be left to dry for a 

few minutes before spine surgery [99]

Patient’s skin preparation 

by an alcoholic iodine 

solution or chlorhexidine 

(ESL – high, RL – strong)

See Preopera-

tive period

Prevention and 

treatment of 

postoperative 

nausea and 

vomiting (PONV)

Prevention and treatment of PONV are essential for patients after any operative 

treatment, since PONV results in dehydration, delayed return to adequate nu-

trition, an increase in the volume of intravenous fluid, an enhanced hospitaliza-

tion length and health care costs. PONV occurs in 50 % of patients after surgery;  

up to 80 % have a high risk of developing PONV. The main risk factors for PONV  

in women, people with PONV history or motion sickness, non-smokers using vola-

tile anesthetics, nitrous oxide and opioids [100–102]. It is recommended to use 

a multimodal approach to the prevention of postoperative nausea and vomiting 

[6]. To this end, ondasetron and dexamethasone are administered intraoperatively 

[14]. Smith et al. [68] achieved a significant reduction in the intake of antiemetic 

drugs in the postoperative period, using intraoperative administration of dexameth-

asone (8 mg) and ondasetron (4 mg) in adults. Additionally, 40 mg of aprepitant 

was administered to high-risk patients

It is recommended to assess 

the PONV risk and routine 

use of multimodal prophy-

laxis under this evaluation, 

treatment of PONV with 

the help of various classes 

of antiemetics  

(ESL – high, RL – strong)

33 % 

(4 out  

of 12)  

[22, 23, 25, 

27]

Standardized 

anesthesia protocol

There are conflicting high-quality studies in spine surgery that compare different 

anesthesia techniques. Wahood et al. [103] did not reveal a difference between 

general and other anesthetic techniques in terms of complications, the hospi-

talization length, and the frequency of readmissions. Yoshimoto et al. [104] 

showed a significant improvement in hemodynamic stability, severity of blood 

loss and pain relief using local anesthesia. The use of short-acting anesthetics 

(for example, sevoflurane) provides optimal anesthesia management  and cre-

ates conditions for an early recovery after surgery. It reduces the number of side 

effects and complications of anesthesia, as well as downgrades the pain level in 

the first postoperative day [7, 54, 105]. Neuromuscular blockade decreases the 

airway pressure and the muscle damage risk associated with long-term retrac-

tion in spine surgery [106]. In randomized clinical trials, it has been proven 

that the combination of dexmedetomidine and ketamine ensures improved pain 

control. The administration of dexmedetomidine or clonidine is associated with 

a lower incidence of PONV and an enhanced action of local anesthetics during 

wound infiltration [107–110]

Modern general anesthesia, 

including neuromuscular 

blockades and neuraxial 

techniques, should be used 

as part of a multimodal an-

esthetic strategy in accor-

dance with accessibility and 

local organizational charac-

teristics (ESL – moderate, 

RL – strong)

50 % 

(6 out  

of 12)  

[16, 18, 

22–24, 26]

Thromboprophylaxis See Preoperative period The element is not included 

in the protocol at this stage

See Preoper-

ative period

Continuous audit See Preoperative period See Preoperative period See Preopera-

tive period
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Continuation of table 3

ERAS protocol 

element

Justification of the required element Recommendations 

of the ERAS®Society [2]

 for adults (≥18 years), 

lumbar fusion

Inclusion 

frequency 

in children 

(according  

to the review)

Postoperative period

Immediate mobiliza-

tion and physical re-

habilitation, return to 

the preoperative level 

of physical activity of 

the patient

Immediate mobilization is the most crucial element of ERAS, correlating with 

early discharge. Immediate mobilization means the verticalization of the patient 

on the surgery day or the next day. However, it can more often be administered 2 

hours after spine surgery under the specialist’s supervision. It may involve physi-

cal rehabilitation and ergotherapy. Immediate mobilization decreases the hospi-

talization length with a reduction in the frequency and severity of pain syndrome 

and the development of complications (thrombosis, pneumonia, urinary tract in-

fection, sepsis, heart attacks, strokes, etc.) [6, 111, 112]

Immediate mobilization is 

recommended (ESL – low, 

RL – strong)

83 %

(10 out  

of  12)  

[16–23, 25, 

26]

Early enteral nutri-

tion and prevention 

of intestinal obstruc-

tion

It is a common element in the ERAS protocol in various surgical specialties. Patients 

are recommended to start eating and drinking within a few hours after surgery, which 

results in a faster recovery of bowel function and a shorter length of hospitalization, 

a lower rate of infectious complications, higher satisfaction with treatment and a re-

duced likelihood of developing postoperative ileus compared with late enteral or par-

enteral nutrition [34, 35, 54]

It is recommended to return 

to the regular diet as soon as 

possible (ESL – low,  

RL – moderate)

67 % 

(8 out  

of  12)  

[17–19, 21–

23, 25, 26]

Postoperative  

MMA

See Preoperative period and Intraoperative period. Insufficient postoperative pain 

control is observed in 57% of patients after elective spine surgery [113]. Inad-

equate control of acute pain is connected with the development of chronic pain 

and a significant systemic inflammatory reaction causing dysfunction of internal 

organs and pain [114]. The standard perioperative MMA protocol results in ad-

equate postoperative analgesia and improved outcomes [4]

Routine use of MMA is 

suggested to improve pain 

control and reduce opioid 

consumption (ESL – moder-

ate, RL – strong)

83 % 

(10 out  

of  12)  

[16–24, 27]

Homeostasis balance 

control

See Preoperative period See Preoperative period See Preopera-

tive period

PONV treatment See Preoperative period See Preoperative period See Preopera-

tive period

Early removal of 

drains and catheters, 

nasogastric tubes 

See Preoperative period During lumbar fusion on 

several segments, it is not 

recommended to use drains 

(ESL – moderate,  

RL – strong)

See Preopera-

tive period

Prevention of 

infections

See Preoperative period and Intraoperative period See Preoperative period and 

Intraoperative period

See Preopera-

tive period

Blood glucose 

monitoring

Hyperglycemia is a risk factor for complications (see Preoperative period) and 

must be avoided in adult patients in spine surgery. This causes less concern in 

children, and thus regular monitoring of blood glucose is not performed in routine 

practice for all patients [6, 32, 42]

See Preoperative period This element 

was not 

found in the 

considered 

publications
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End of table 3

ERAS protocol 

element

Justification of the required element Recommendations 

of the ERAS®Society [2]

 for adults (≥18 years), 

lumbar fusion

Inclusion 

frequency 

in children 

(according  

to the review)

Thromboprophylaxis See Preoperative period Immediate mobilization 

and use of compression 

prophylaxis (stockings, 

etc.) are recommended for 

all patients after spine sur-

gery (ESL – moderate,  

RL – strong). Anticoagu-

lant therapy is for people 

from risk groups. There is 

no recommendation regard-

ing its routine use 

(ESL – low, RL – strong)

See Preopera-

tive period

Continuous audit. 

Active postoperative 

follow-up and 

consultations

Today there are no uniform criteria determining early discharge after spine 

surgery. If there are no complications, the patient mobilizes and is quickly dis-

charged home. Nevertheless, safety should have top priority. Thus, discharge 

on the operation day should not be a defining grade in ERAS principles [9, 34, 

35, 68]

See Preoperative period 67 %  

(8 out  

of  12)  

[16–21, 23, 

26]
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