REVIEW ARTICLES

Enhanced Recavery After Surgery [ERAS) protocols
for spine surgery — review of literature

DOI: https://doi.org/10.5114/ait.2022.113961

Rotem Naftalovich'2, Amit Singal', Andrew J. Iskander?

'Department of Anaesthesia and Perioperative Care, Rutgers — New Jersey Medical School, Newark, NJ, United States
2Medical Corps, U.S. Army
3Department of Anaesthesiology, Rutgers — Robert Wood Johnson Medical School, New Brunswick, NJ, United States

Abstract Anaesthesiol Intensive Ther 2022; 54, 1: 71-79

Enhanced Recovery After Surgery (ERAS) is a multidisciplinary approach that uses
a combination of evidence-based methods to improve patient care. Different ERAS
protocols are used in various surgical fields but for spine surgery there is no widely used
standard ERAS protocol. We compiled and examined the multiple available publications
on ERAS protocols for spine surgery. Some general commonalities exist between ERAS
protocols; however, a great deal of variety is observed in the granularity of important
details such as differing drug choices or specific dosing. To assess and relate the differ-
ent available ERAS protocols, we conducted a comprehensive narrative literature review
focused on comparing commonalities and differences among the following aspects of
ERAS protocols: mechanisms of action, post-surgery pain levels, opioid consumption,
utilization of muscle relaxants, use of anti-inflammation drugs, and ambulation after sur-
gery. Our goal in this project was to simplify the search process for institutions who re-
view the literature. In this review, certain ERAS elements such as early ambulation, blood
loss, pain management, and patient positioning are further explored in more depth.
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Enhanced Recovery After Surgery (ERAS) is
a multidisciplinary approach to improve patient
care using a combination of evidence-based me-
thods. The interventions found in ERAS protocols
are based on the rationale that patient outcomes
can be improved by controlling pain and optimizing
fluid administration, early ambulation, and nutrition
to prevent catabolism and immune dysfunction.
There are different ERAS protocols available for dif-
ferent surgical fields with the shared goal of mini-
mizing physiological patient stress [1]. ERAS pro-
tocols can be partitioned into their pre-operative,
intra-operative, and post-operative management.
The preoperative component of ERAS protocols
includes pre-emptive analgesia (e.g. gabapentin/
pregabalin, acetaminophen), nutrition and fasting
optimization, and patient education. The intra-
operative component of ERAS protocols focuses on
the choice of anaesthetic agents for induction and
maintenance (e.g. propofol, ketamine, use of total
intravenous anaesthesia [TIVA] vs. inhaled anaes-
thetics), and utilization of non-opioid analgesics
(e.g. ketorolac, lidocaine). The post-operative com-
ponent of ERAS protocols addresses early ambu-
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lation and physical therapy, early nutrition intake,
wound care, and pain management [2, 3]. Different
spine surgery ERAS protocols are used by various
anaesthesia and surgical teams; however, there is
no widely used standard ERAS for spine surgery [4].

To assess and relate the available different ERAS
protocols, we conducted a comprehensive review
focused on comparing the commonalities and dif-
ferences among the following aspects: mechanisms
of action, post-surgery pain levels, opioid consump-
tion, utilization of anti-inflammation drugs use, use
of muscle relaxants, and ambulation after surgery
(Tables 1 and 2).

We conducted a PubMed search for relevant ar-
ticles, focusing on the queries ‘ERAS and ‘spine’ In-
cluded relevant articles were those that described
an institution’s ERAS protocol or reviews of ERAS
protocols. After studying these relevant articles,
further details on specific elements were compiled.
These include NSAIDS, antifibrinolytics use, postop-
erative early ambulation, and patient positioning
during surgery. Articles that focused on these topics
(ERAS protocols not specific to spine surgery) were
selected and reviewed as well (Figures 1 and 2).
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TABLE 1. Summary of perioperative stages of ERAS protocols from different institutions, highlighting drug use and early ambulation

Protocol Preoperative
medications

Rush University
Medical Center [3]

1,000 mg IV acetaminophen
600 mg dose of gabapentin OR
150 mg dose of pregabalin
10 mg cyclobenzaprine
10 mg oxycodone

Intraoperative
medications

Standard propofol induction and
maintenance with inhaled anaesthesia
Ketamine use at induction
Dexamethasone
Fentanyl
Methadone
Lidocaine
Acetaminophen

Postoperative
medications
NSAID

Gabapentin and pregabalin
Tramadol (as needed)

Weill Cornell [4, 5]

Acetaminophen
Gabapentin
Antiemetic prophylaxis

Total intravenous anaesthesia (TIVA)
Ketorolac
Lidocaine

Dual antiemetic prophylactic therapy

Acetaminophen
Nonsteroidal anti-inflammatory drugs
Two 50 mg tramadol doses or 5 mg
oxycodone based on NRS pain score

University of Western
Ontario [9]

Pregabalin
Gabapentin
0.2 mg kg~" methadone

Selective COX-2 inhibitors
Ketamine administration
Either bolus (0.2-1mg kg™")
or infusion (1—4 pg kg™ min™")

N/A

100-300 mg gabapentin

Tramadol
Analgesics mixture
Perelman School of Medicine, 600 mg gabapentin NSAIDs 975 mg, q 6 h of acetaminophen
University of Pennsylvania Opioids Diazepam PO
[2,12] Anti-convulsants Cyclobenzaprine PO
Other analgesia Ketorolac PO
Inpatient physical therapy, wound care,
and gum chewing
(1 piece for 3 minutes daily)
The University 1000 mg acetaminophen TIVA Early ambulation, early oral intake (POD 1),
of Texas [10] 300 mg tramadol Lidocaine DVT prophylaxis,
3.75—150 mg pregabalin OR Ketamine and physical therapy

IV dexmedetomidine infusion

IV dexamethasone 10mg q6 h
Lidocaine or other local anaesthetics

TXA use (1 g bolus over 30 min

followed by 0.5 g h~" infusion)

NSAID — nonsteroidal anti-inflammatory drug, TIVA — total intravenous anaesthesia, IV — intravenous, TXA — tranexamic acid, DVT — deep vein thrombosis

TABLE 2. Summary of opioid, ketamine, anti-inflammation drugs, muscle relaxant medication, and early ambulation in ERAS protocols from different

institutions

Protocol Opioids Anti-inflammation | Muscle relaxant Early
medication ambulation

Rush University Oxycodone (10 mg) Used Dexamethasone (yclobenzaprine N/A
Medical Center [3] Ketamine intraoperatively
Fentanyl
Weill Cornell [4, 5] N/A N/A Ketorolac N/A Early physical therapy
within 2 hours
of arriving to PACU

University of Western Methadone Ketamine: Selective COX-2
Ontario [9] Tramadol either bolus inhibitors

(0.2-1mgkg™)

or infusion (1—4 pg kg™ min™")

Perelman School N/A N/A Ketorolac Diazepam 3-5 times daily
of Medicine, University Cyclobenzaprine starting 6 hours
of Pennsylvania [2, 12] after surgery
University Tramadol Used IV dexamethasone N/A Yes, unspecified
of Texas [10] intraoperatively 10mgq6h

PACU — post-anaesthesia care unit
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At Weill Cornell Medical College (NYC, NY, USA),
Soffin et al. [5] performed a retrospective matched
cohort study of opioid-free anaesthesia in minimally
invasive lumbar decompression spine surgery be-
fore developing an ERAS protocol for spine surger-
ies. In this study they compared patient outcomes in
surgical patients who were treated with traditional
opioid-containing anaesthesia and those who were
treated with opioid-free anaesthesia. This study
found that patients who were treated with opioid-
containing intraoperative anaesthesia had signifi-
cantly greater perioperative opioid consumption,
with no significant difference in PACU pain scores.
Following this study, Soffin et al. [5] developed an
ERAS protocol for minimally invasive lumbar de-
compression spine surgery. The protocol included
15 standard ERAS elements and focused on mini-
mizing opioid usage [5].

At the University of Miami, Wang et al. [6] re-
ported their ERAS protocol for lumbar spine surgery,
which focused on technical surgical means for im-
proving patient outcomes. Before developing their
ERAS protocol, they reviewed 42 cases of endoscop-
ic decompression, expandable cage deployment,
and percutaneous screw placement surgeries that
were done without general anaesthesia. The Univer-
sity of Miami’s ERAS protocol strategy concentrates
on minimizing aesthetic agents, in large, through
use of short-acting sedatives and hence not limited
to avoiding opioids [6].

Ali et al. [3, 4], at the Perelman School of Medi-
cine in the University of Pennsylvania, conducted
a prospective cohort analysis testing the elements
of their spine surgery’s ERAS protocol in an interven-
tion group compared to a historical control cohort.
The ERAS intervention group was treated with the
preoperative care elements found in their ERAS pro-
tocol. The historical control group was treated with
standard care. Results of the study show that, in the
ERAS group, intravenous opioids administration via
patient-controlled analgesia (PCA) pumps were al-
most eliminated. In their study, 0.5% of patients in

Preoperative

- Preemptive analgesia
+ Nutrition and fasting optimization
- Patient education

Intraoperative

- Choice of anaesthetic agents for induction and maintenance
« Non-opioid analgesia

Postoperative

- Early ambulation and/or physical therapy
- Early nutrition intake

« Wound care

« Pain management

FIGURE 1. Overview of the three perioperative aspects of ERAS spine
protocols

the ERAS group utilized a PCA pump to administer
IV opioids, compared to 54% of patients in the con-
trol group. Patients in the ERAS group had a much
lower 1-month post-surgery opioid use (38.8% of
patients in the ERAS group compared to 52.7% of
patients in the control group). Administration of ga-
bapentin (80.6% of ERAS patients vs. 21.6% of con-
trol patients) and ketorolac (23.9% of ERAS patients
vs. 10.8% of control patients) were more frequent
in the ERAS group than in the control group. Acet-
aminophen and cyclobenzaprine were used more
frequently in the ERAS group. On post-operative
days (POD) 0-3, pain scores were similar between
the 2 groups. The authors suggested that these
results show that postoperative opioid use can be
reduced by using multiple nonopioid pain medica-
tions, and with that, PCA use may be unnecessary.
Early ambulation and mobilization were higher on
POD 0-1 in the ERAS group [3, 41.

Grasu et al. [7] (The University of Texas MD An-
derson Cancer Center) conducted a comparative
study for patient outcomes before and after the
implementation of their ERAS protocol. The results
of their comparative study show that on average
the ERAS group received more non-opioid anal-

1) PubMed search “spine” and “ERAS”
94 results found

Articles that included information
on: NSAIDS, antifibrinolytics use,
postoperative early ambulation,

and patient positioning during surgery,
were also included

2) Articles classified as relevant
or irrelevant for our paper — ofinstitutions or a review of ERAS
24 articles selected (+2 from UpToDate) protocols

Relevant: includes ERAS protocol

3) Articles studied for commonalities
in spine ERAS protocols

FIGURE 2. Overview of the search process and selection of relevant articles for this review
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gesics, and had higher intraoperative rates of lido-
caine and ketamine infusions. The ERAS group also
had lower average pain scores on POD 2 (2.0 + 1.8
for ERAS group vs. 2.8 £ 2.2 for control) and POD 3
(1.6 = 1.7 for ERAS group vs. 2.6 + 2.3 for control) as
well as on POD 1, but was not statistically signifi-
cant on that day. ERAS patients also received a lower
morphine equivalent daily dose (MEDD) (the ERAS
group’s MEDD was 372.2 mg compared to the non-
ERAS group’s MEDD of 521.5 mg) and had a slightly
shorter length of stay (LOS) (6.3 + 2.2 days for the
ERAS group vs. 6.8 + 1.9 days for the control) in the
hospital post-surgery. Of note, the ERAS group had
a slightly higher 30-day hospital readmission rate
(14.6% for the ERAS group compared to 8.9% for
control group) and a higher 30-day complication
rate (31.7% in the ERAS group and 17.9% in the
control group) [7].

PREOPERATIVE COMPONENT

Bhatia et al. [8] describes the ERAS protocol of
Rush University Medical Centre’s Department of
Anaesthesiology (Chicago, lllinois, USA) with their
multimodal synergistic anaesthesia strategy, which
is focused on avoiding the negative side effects of
opioids. Their reported preoperative care included 1g
intravenous (IV) acetaminophen, either a 600 mg
dose of gabapentin or a 150 mg dose of pregabalin
PO, 10 mg of the muscle relaxant cyclobenzaprine
PO, and 10 mg of oxycodone PO. Their reasoning for
using a small dose of oxycodone preoperatively is to
reduce the amount of opioids administered postop-
eratively. They also suggest administering cyclooxy-
genase (COX) enzyme inhibitor (i.e. an NSAID) 3 days
prior to the surgery, but at the surgeon’s discretion [8].

At Weill Cornell Medical College (NYC, NY, USA)
the preoperative care includes oral pre-emptive an-
algesia containing acetaminophen and gabapentin
plus antiemetic prophylaxis prior to surgery [2].

The ERAS protocol for lumbar spine surgeries at
the University of Miami focuses on the minimization
of anaesthetic agents using short-acting sedatives.
The focus of their pre-operative care is on improving
nutrition and limiting food fasting to 12 hours and
liquid fasting to 8 hours before the surgery [6].

The ERAS protocol for spine surgery at the Perel-
man School of Medicine in the University of Penn-
sylvania defines the pre-operative component as
the period up to a week before surgery. Their pre-
operative component is composed of patient edu-
cation, nutrition optimizations, smoking cessation
counselling, pre-habilitation with ambulation, drug
and alcohol abuse interventions, sleep medicine
for patients with sleep-apnoea, and discharge plan-
ning that is initiated prior to surgery. The nutrition
component of the perioperative care includes clear

carbohydrate fluids starting one day, and up to two
hours, prior to surgery, with return to regular diet
postoperatively on the day of the surgery if pos-
sible. The medication regimen used perioperatively
to control pain levels follows an opioid-sparing
multimodality. To do so, their ERAS protocol utilizes
administration of 600 mg gabapentin PO preopera-
tively [3, 4].

At the University of Texas MD Anderson Can-
cer Center, Grasu et al. [7] formed a multidisci-
plinary committee to develop their ERAS protocol.
The preoperative component of their ERAS proto-
col includes patient education, preconditioning
exercise 2 months prior to surgery, and optimization
of comorbidities. Up until 2 hours prior to surgery pa-
tients are permitted to drink clear liquids, with no oral
intake up until 8 hours prior to surgery. During the
immediate preoperative period patients receive the
following: 1000 mg acetaminophen, 300 mg trama-
dol, and either 75-150 mg pregabalin or 100-300 mg
gabapentin [7].

INTRAOPERATIVE COMPONENT

At Rush University Medical Center, practitioners
opted for standard propofol induction and mainte-
nance with an inhaled anaesthetic. In their report-
ing of this protocol, Bahatia et al. [8] supported ket-
amine use, as an adjuvant on induction, because it
has been shown to reduce postoperative opioid con-
sumption when administered intraoperatively. They
recommend intraoperative administration of dexa-
methasone IV to decrease postoperative pain scores
and opioid consumption. Fentanyl, methadone,
lidocaine, and acetaminophen have also shown fa-
vourable postoperative effects, and they have been
utilized intraoperatively [8].

The intraoperative ERAS protocol at Weill Cornell
Medical College (NYC, NY, USA) included TIVA tech-
nique, non-opioid analgesia with IV ketorolac and
lidocaine, and dual antiemetic prophylactic thera-
py. All surgeries were minimally invasive and with
local anaesthetic infiltration at the end of the pro-
cedure [2].

The ERAS protocol for lumbar spine surgery at the
University of Miami focuses on the minimization of
anaesthetic agents through the use of short-acting
sedatives. Their intraoperative care emphasized local
anaesthetics, and avoidance of urinary catheters [6].

The ERAS protocol at the Perelman School of
Medicine defines peri-operative care as the period
of one week before the surgery, during surgery,
and immediately post-operation. Their ERAS pro-
tocol recommends intraoperative administration
of NSAIDs, opioids, anti-convulsants, and other an-
algesia decided at the discretion of the anaesthe-
siologist. Local infiltration of bupivacaine during
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closure is also used, as well as 975 mg of oral acet-
aminophen every 6 hours postoperatively. The pro-
tocol also recommends diazepam, cyclobenzaprine,
and ketorolac as needed. They avoided using Foley
catheters in surgeries shorter than 2 hours in order
to decrease complications (e.g. urinary tract infec-
tions, urethral trauma, kidney and bladder damage,
bladder stones, and pseudo polyps) and enable
easer patient ambulation and mobilization [3, 4].
The spine surgery ERAS protocol at the Univer-
sity of Texas MD Anderson Cancer Center calls for
intraoperative infusions of lidocaine, ketamine, and
IV dexmedetomidine infusions with a TIVA goal,
0.1-0.2 mg kg™ single-dose IV methadone, and
also around-the-clock re-dosing of IV acetamino-
phen and dexamethasone (10 mg). Surgical wound
infiltration was done with intraoperative epidural
analgesia or liposomal bupivacaine at the incision
site based on provider preference. The protocol also
calls for fluid therapy and haemodynamic optimi-
zation, restrictive blood transfusion (which they
defined as haemoglobin < 9-10 g dL™" depending
on comorbidities and haemodynamic stability) and
tranexamic acid (TXA) use (1 g bolus over 30 min
followed by a 0.5 g h™" infusion), antiemetic prophy-
laxis, deep vein thrombosis (DVT) prophylaxis, and
maintenance of normal temperature [7].

POSTOPERATIVE COMPONENT

At Rush University Medical Center postopera-
tive management in the ERAS protocol continued
preoperative medications such as NSAID and/or
acetaminophen, gabapentin and pregabalin, and
potentially also tramadol. They also utilized post-
operative use of icepacks [8].

The postoperative care component of the ERAS
protocol at Weill Cornell Medical College (NYC, NY,
USA) included oral intake and mobilization using
early physical therapy during the recovery period
within 2 hours of arriving at the post-anaesthesia
care unit (PACU). Post-operative pain management
began with acetaminophen and nonsteroidal anti-
inflammatory drugs. For patients with a numeric
rating scale pain (NRS) score of above 4, two 50 mg
tramadol doses were prescribed, and 5 mg oxyco-
done for those with NRS scores of above 8. Patients
with post-operative nausea and vomiting (PONV)
received treatment of metoclopramide (10 mg in-
travenously) or ondansetron (4 mg), and patients
with refractory PONV received scopolamine (1.5 mg
transdermally) [2].

At the University of Miami, the ERAS Protocol
recommends that patients’ post-operative pain be
managed with standard regimens of narcotic anal-
gesics. Their post-operative care also emphasizes
early ambulation (0-1 days post-surgery) [6].

In the ERAS protocol at Perelman School of Medi-
cine early postoperative ambulation is also stressed,
in their case within 6 hours of surgery (when no ac-
tivity restrictions exist). They recognize a cognitive
behavioural phenomenon of post-operative fear of
movement in spine surgery patients, which is asso-
ciated with pain and disability. The postoperative
period of the ERAS protocol consists of inpatient
physical therapy, wound care, and gum chewing
(1 piece for 3 minutes daily) to prevent ileus [3, 4.

At the University of Texas MD Anderson Can-
cer Center the ERAS protocol’s postoperative care
includes: early ambulation (POD 1 with movement
3 times per day from bed to chair) and physical ther-
apy, early oral intake (clear liquids on POD 1 with
diet advanced as tolerated), DVT prophylaxis, pain
management [gabapentin (300 mg q 8 h), celecoxib
(200 mg g 12 h), tramadol (200 mg orally q 12 h), ace-
taminophen (1 g orally q 6 h), continuation of preop
long-lasting opioids, and opioid administration via IV
hydromorphone or morphine PCA (if patient require-
ments were > 12 mg per day of hydromorphone or
> 60 mg per day morphine, then cancer pain consul-
tation would be obtained)] [7].

SYSTEMIC REVIEWS

The systematic reviews of ERAS protocols for
spine surgery have focused on specific elements
of existing ERAS protocols [9-11]. A review by Cor-
niola et al. [9] covered the MEDLINE search func-
tion, the Cochrane library, EMBASE, ScienceDirect,
and Google Scholar. Corniola et al. [9] covered
7 ERAS publications that used different surgical
procedures (1- or 2-level TLIF, 1-level fusion, 1-level
microdiscectomy, non-instrumented lumbar and
cervical surgery, instrumented and non-instru-
mented spine surgery). They found that 5 out of
the 7 ERAS protocols had same-day discharge,
3 ERAS protocols used minimally invasive spine
surgery that focuses on minimizing blood loss and
muscular trauma, and one ERAS protocol included
an awake surgery [12]. Corniola et al. [9] reiterate
that in the preoperative period, prolonged fasting
should be avoided because it has been shown to
have negative side effects on muscle catabolism.
They emphasized that patients can eat a light meal
up to 6 hours prior to surgery and can drink clear
liquids up to 2 hours prior to surgery, and they also
recommend carbohydrate supplementation. In the
intraoperative period Corniola et al. [9] recommend
aggressive diet advancement so that patients eat
and drink within hours after surgery [9].

A review by Dietz et al. [11] covered the PubMed
and Ovid databases. They found that the use of
ERAS was associated with a reduction in pain scores
and reduced opioid consumption postoperatively,
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with no differences in complications or readmis-
sions between the ERAS and control groups. They
also found that 7 out of 19 ERAS studies had a re-
duction in length of stay. Several of the covered
ERAS protocols noted a cost reduction. These cost
reductions were demonstrated through nursing
costs associated with decreased length of stay
(46.8%), potential outpatient centre cost improve-
ments, and a decrease in operation time [9, 11].

Feng et al. [13] showed a decrease in cost (U.S.
$70,467 with ERAS vs. U.S. $71,426 without ERAS)
when using 11 ERAS protocol elements for single-
level MIS TLIF. This cost reduction is associated with
reduced LOS, reduced operative time, reduced blood
loss, and fewer complications [13]. Debono et al. [14]
looked into lumbar microdiscectomies performed
in ambulatory centres and with an ERAS philosophy
and, as expected, found it to be cheaper than lumbar
microdiscectomies for in-patient settings (€224.08
ambulatory centre vs. €520.38 in-patient) [14].
Wang and Grossman [12] reported a cost reduction
of $3442 or 15.2% per procedure with application of
ERAS protocol elements [12].

MINIMALLY INVASIVE SPINE SURGERY (MISS)
APPROACH

Corniola et al. [9] noted that the minimally in-
vasive spine surgery (MISS) approach complements
the ERAS patient outcome improvement. The bene-
fits of using a MISS include the following: 1) lower
blood loss - one study found that using a minimally
invasive procedure reduced blood loss to 185 mL
compared to 255 mL in the open group. 2) Minimiz-
ing muscular trauma - in a study that compared
open and MISS approaches for lumbar interbody
fusion, patients whose operation used an open ap-
proach had significantly reduced multifidus muscle
cross-sectional area (CSA) on post-op MRI. In an-
other study, comparing open and MISS approaches
in pedicle screw fixations showed similar trends
in multifidus muscle CSA. This study also showed
that the MISS group had lower serum creatine ki-
nase levels than the open approach group. 3) Faster
postoperative ambulation - a study showed that
patients operated on using MISS approach had
a faster postoperative ambulation by a factor of
two (1.5 days vs. 3 days) [9, 11]. 4) Fewer postop-
erative infections associated with smaller incisions
(for posterior [transforaminal] lateral interbody fu-
sion [P/TLIF] 2 level infusion 4.6% of patients in MISS
group experience postoperative infections vs. 7.0%
in the non-MISS group) [15]. 5) Postoperative opi-
oid use reduction - one study showed that using
MISS can reduce postoperative opioid consumption
from 4 weeks post operation in the open approach
to 2 weeks with the MISS approach. Another study

showed that patients whose operation used MISS
approach had a total mean MEDD use of 17.4 mg
compared to 35.7 mg in patients whose operation
used an open approach. 6) Shorter hospitalization
- 3.6 vs. 5.9 days with MISS compared to an open
approach [9, 11].

BLOOD LOSS, PAIN MANAGEMENT, AND POSITION-
RELATED COMPLICATIONS

Alboog et al. [16] at the University of Western
Ontario, Canada conducted a systematic review
examining 3 major patient outcomes after spine
surgery: blood loss, pain management, and posi-
tion-related complications. Their team explored
3 antifibrinolytic agents: TXA, epsilon aminoca-
proic acid (EACA), and aprotinin administered to
lower blood loss and subsequent complications.
They found that TXA reduced intraoperative, post-
operative, and total blood loss. Reduction in blood
loss attributed to TXA use did not appear to be af-
fected by TXA dosage; no significant difference
was observed between reduction in blood loss
with the use of low dosage (10 mg kg™' followed
by up to 10 mg kg™' h™") and high dosage (bolus
of 10-100 mg kg™ followed by infusion greater
than 10 mg kg™ h™"). EACA use showed no signifi-
cant decrease in blood loss, and aprotinin showed
decreased blood loss intraoperatively but with
no decrease in total blood loss [16]. Qureshi et al.
[17] reference TXA use in their study of periopera-
tive management of blood loss in spine surgeries.
It has been shown that patients treated with TXA
during spine surgeries lost less blood, needed
fewer blood-transfusions, and had less complica-
tions in orthopaedic surgeries. TXA appears to be
a cost-efficient antifibrinolytic with a low side effect
profile; a 2 g loading dose followed by 100 mg h™'
infusion of TXA has been shown to significantly re-
duce blood loss in spine surgeries. As Alboog et al.
[16] mention, the TXA dosage has not been stan-
dardized and seems to vary based on the clinicians’
preference [17].

In their systematic review, Alboog et al. [16] also
explored pain management options. They looked
into several commonly used medications. First their
study showed that commonly used acetaminophen
is not more effective than placebo in reducing pain
scores and opioid consumption. They recommend-
ed that NSAIDs be used with caution because there
are concerns about nonunion of bone and bleed-
ing. However, they note that the literature is con-
flicted in regard to NSAID-associated nonunion and
increased bleeding [16]. There is a relationship be-
tween nonunion of bones in patients with fractures;
however, a causal relationship with NSAIDs has not
been proven, and the effect of these drugs on frac-
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ture healing in humans is uncertain. More caution
from bleeding exacerbation by NSAIDs is warranted
in elderly patients [24]. Alboog et al. [16] found non-
selective NSAIDs to be less effective than selective
COX-2 inhibitors. Pregabalin or gabapentin were
found to reduce post-operative opioid consump-
tion and reduce opioid-related side effects [16].
Adjunctive ketamine administration — either bolus
(0.2-1 mg kg™")or continuous infusion (1-4 pg
kg™ min™") — was found to significantly reduce post-
operative pain scores at 6, 12, and 24 hours post-
surgery. Adjunctive ketamine use was also found
to reduce cumulative morphine consumption on
POD 1. However, these effects were not significant
after 24 hours [16, 18]. The opioids they examined
were tramadol and methadone, which both have
“atypical” mechanisms of action in that they are
not limited to the mu opioid receptor. Mu receptor
agonists, used for pain control, have several side ef-
fects, which limits their use [19, 20]. Tramadol was
found to reduce pain scores up to 6 hours post op-
eration. 0.2 mg kg of methadone at the start of
the surgery had a better effect on pain scores than
2 mg of hydromorphone given at the end of surgery
(median difference: -1 [-3, 0]). Patients treated with
methadone at the start of surgery also had lower
IV and oral opioid use post-surgery. It is possible
that methadone’s effectiveness in treating post-
operative pain comes from its ability to antagonize
the NMDA receptor. Also, it was demonstrated that
methadone reduces serotonin and norepinephrine
reuptake, which may also contribute to its beneficial
effect on pain scores [16, 21]. Alboog et al. [16] also
examined intramuscular injection of local anaesthet-
ic and subcutaneous infiltration of liposomal bupi-
vacaine. They found that each analgesic intervention
only produced a mild reduction of pain scores and
reduction of postoperative opioid consumption.
They therefore advocate a multi-modal approach
with a mixture of several analgesics that, together,
are likely to be more beneficial. The synergistic effect
of different analgesic combinations in spine surgery
pain can be examined further.

Neuraxial regional anaesthesia was also ex-
plored. Epidural anaesthesia was shown to reduce
postoperative pain scores on POD 1 (standardized
mean difference: -0.94 [-1.56, —-0.31]). Epidural
anaesthesia was shown to reduce postoperative
pain scores on POD 1 (standardized mean differ-
ence: -0.94 [-1.56, -0.31]) compared to intravenous
patient-controlled analgesia. Intrathecal morphine
(0.1-1 mq) reduced POD 1 pain scores (standardized
mean difference: -0.47 [-0.69, —0.25]), but placed
patients at a higher risk for pruritus (OR: 4.09 [1.84,
9.11]) and respiratory depression (OR: 3.48 [0.41,

29.32]). Epidural steroid administered at closure re-
duced POD 1 pain scores (median difference: -0.97
[-0.14, -1.79]), but its risk assessment was not per-
formed [16].

USE OF ANTIFIBRINOLYTICS

The systematic review of Alboog et al. [16] also
explored the use of antifibrinolytics. In a review of
the perioperative components of blood loss mana-
gement by Graetz et al. [25], the use of antifibrinol-
ytic medications was also explored. Graetz et al. [25]
reported that antifibrinolytic medications are admi-
nistered intravenously, with oral and topical admini-
stration of TXA reported in orthopaedic surgery.
There is a reported association between use of TXA
during surgery and postoperative seizures (albeit at
high doses of 100 mg kg™ IV followed by 20-50 mg
kg™ h™" with a total dose up to 259 mg kg™'). Apro-
tinin is an antifibrinolytic medication that is no lon-
ger used in the United States because of its asso-
ciation with increased mortality in cardiac surgery.
Aprotinin was effective in reducing surgical bleed-
ing and transfusion rates, but it was associated with
increased mortality in cardiac surgery patients in
a large trial, which led to its withdrawal and suspen-
sion [25]. TXA and EACA have been used in cardiac as
well as noncardiac major surgical procedures includ-
ing spine surgeries. Dosing remains somewhat pro-
cedure and institution specific and not standardized.
A review by Graetz et al. [25] specifies that data show
no increased risk for thrombotic events with TXA or
EACA, even for cancer patients who are at increased
risk. TXA has been associated with postoperative
seizures, which may be a dose-related effect. EACA
should be administered slowly and with caution be-
cause rapid administration may induce hypotension,
as well as bradycardia or other arrhythmias [22, 25].

Brown et al. [26] also use antifibrinolytic agents
such as TXA and EACA for spine surgeries. They sug-
gest that antifibrinolytic agents reduce blood loss
and have not been shown to cause morbidity or
increased risk for thromboembolic events. Based
on available meta-analysis and pharmacokinetic
properties of antifibrinolytics, they recommend
the following dosages for each medication: IV TXA
administration of 10 mg kg™ bolus, followed by an
infusion of 2 mg kg™ h™" until the end of the proce-
dure. IV EACA administration of 100 mg kg™ bolus
followed by an infusion of 10 to 15 mg kg™ h™" until
the end of the procedure. Brown et al. [26] specify
that they do not use antifibrinolytic medications in
patients who have conditions that put them at risk
(e.g. patients undergoing vascular anastomosis or
free fibula grafting, or those with a hypercoagulable
state) [26].
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EARLY AMBULATION

Early ambulation was mentioned in several of
the reviewed ERAS protocols. Early ambulation has
positive effects on perioperative patient comorbidi-
ties and length of stay in other surgical subspecial-
ties [26]. To explore the benefits of early mobilization
post-surgery, a published review of multiple spine
surgery studies (and other surgical procedures) with
an early mobilization and ambulation component
was reviewed. It examined comorbidities such as
hypertension, diabetes, obesity/elevated body mass
index (BMI), hypothyroidism, osteoporosis, chronic
obstructive pulmonary disease (COPD), and coro-
nary artery disease (CAD). Also, this review investi-
gated pre-habilitation accomplished months prior
to surgery. Pre-habilitation included a strict exercise
regimen initiated 2 months before the surgery, pain-
control medications, and protein drinks on the day
prior to the operation. It concluded that patients
treated with pre-habilitation and early ambulation
had better outcomes in several postoperative mea-
sures. This included a shorter length of stay (5 av-
erage days instead of 7) and greater postoperative
patient satisfaction [23].

PATIENT POSITIONING

Patient positioning was another topic of interest
common in ERAS protocols for spine surgeries. In
their systematic review of ERAS protocols for spine
surgery, Alboog et al. [16] found that when the
patient is positioned to have less abdominal pres-
sure, blood loss is reduced [16]. When a patient is
inadequately positioned during surgery, elevated
abdominal pressures translate to increased pres-
sure in the vena cava and epidural venous system,
which thereby causes more bleeding. In his study of
“The effect of patient positioning on intraabdominal
pressure and blood loss in spinal surgery’, Dr. Park
indirectly measured inferior vena cava pressure
(IVCP) by measuring intraabdominal pressure (IAP)
in patients undergoing posterior lumbar spinal fu-
sion. Dr. Park found that with less pad support on
a Wilson frame, patients had an increase in IAP and
an increase in blood loss [24].

CONCLUSIONS

This literature review was done as part of our
process to put together an ERAS protocol for the
elective spine procedures at our institution. We were
particularly interested in mapping the differences
in protocol-specific details among the various ERAS
protocols available in the literature. General com-
monalities are evident across the ERAS protocols for
spine surgeries on the broad strokes level. However,
a great deal of variety is observed in the granularity
of finer but important details such as different drug

choices, doses, or routes of administration. Among
the 5 ERAS protocols mentioned in this review, com-
monalities included the following: aiming to limit
perioperative opioid usage, utilizing multimodal
pain management, promoting early ambulation,
and encouraging aggressive advancement of diet.
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