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Abstract

Background: Patients with Ehlers-Danlos Syndrome/Hypermobility Type (EDS-HT/JHS) and Craneo-Cervical Instabil-
ity frequently suffer from severe widespread pain which is difficult to control. Chronic neuroinflammation, opioid-
induced hyperalgesia, and central sensitization may explain this painful condition. The aim of this study was to deter-
mine if opioid-free anesthesia plus the postoperative administration of lidocaine, ketamine and dexmedetomidine
can reduce postoperative pain and the need of methadone rescues in comparison with opioid-based management
in these patients undergoing Craneo-Cervical Fixation (CCF). The secondary aim was to assess the needs of opioids at
hospital-discharge, incidence of gastrointestinal complications and the requirement of anxiolytic.

Methods: A retrospective, consecutive case series study was designed. 42 patients with EDS-HT/JHS undergoing
CCF were enrolled in two groups: an OFA-plus Group that received opioid-free anesthesia with propofol, lidocaine,
ketamine and dexmedetomidine, and OP Group, opioid-based anesthesia-analgesia. The main variables: Preoperative
Visual Analogue Score (VAS), postoperative VAS on the 1st, 2nd, 4th and 6th days, sufentanil or morphine require-
ments, need for methadone rescue, and VAS at hospital-discharge. Data was presented by mean 4 SD, percentage,
median or interquartile range. Chi-squared or Fisher’s test. 95% C.| and P values < 0.05.

Results: Nineteen patients in OFA-plus, and 23 patients in OP group. VAS was lower in OFA-plus on the postopera-
tive days evaluated (p <0.001).VAS at hospital-discharge was lower in OFA-plus: 4.96 (4.54-5.37) vs. OP 6.39 (6.07-6.71)
(p<0.001). Methadone requirement was lower in the OFA-plus (p <0.001). 78% of patients in OFA-plus didn't need
methadone rescue. 95% in OP group needed methadone rescues at high doses(> 15 mg/day). No differences regard-
ing equivalent doses of sufentanil or morphine consumption on the 2nd, 4th, and 6th postoperative days were found.
OFA-plus decreased ileus, nausea and vomiting (p < 0.001). 60.9% in OFA-plus group decreased opioid requirements at
hospital-discharge compared with preoperative values. A 77% reduction of anxiolytics requirements was shown.

Conclusion: OFA-plus management for patients undergoing CCF with EDS-HT/JHS shows significant reduction
in postoperative pain and at hospital-discharge compared with opioid-based anesthesia. OFA-plus management
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sensitization phenomena, Anti-hyperalgesic infusions

decreases the total doses of methadone rescues, reduces anxiolytic requirements and gastrointestinal side-effects,
except for constipation. OFA-plus management is a feasible option to improve postoperative pain control, reducing
the opioids’ use and their postoperative side-effects in patients undergoing CCF with EDS-HT/JHS.

Keywords: Opiod-free-anesthesia, Craneocervical instability, Craneocervical fixation, Occipitocervical fixation,
Ehlers-Danlos syndrome-hypermobility type, Joint hypermobility syndrome, Opiod-induced hyperalgesia, Central

Introduction

Cranio-cervical instability (CCI) has been well identified
in diseases with connective tissue disorders like Ehlers-
Danlos Syndrome-Hypermobility Type/Joint Hyper-
mobility Syndrome (EDS-HT/JHS). Generalized joint
hypermobility can exhibit laxity of the ligaments of the
spine and a propensity to have severe symptoms due to
CCI and Cervical Medullary Syndrome (CMS) that may
be involved in the development of severe proprioceptive
disturbances causing soft tissue microtrauma and gener-
alized musculoskeletal pain [1, 2].

Furthermore, CMS may explain some of the neurologi-
cal and ancillary symptoms of the patient with CCI and
JHS. An unstable cervical spine may cause functional
brainstem compression that is possibly influenced by
neck movements and axonal damage due to deforma-
tive stress [3]. Defined as a group of bulbar symptoms
and myelopathy, CMS has been well described in a recent
Consensus Statement on Craniovertebral instability [4].
CMS may be explained by the traumatic deformation
of axons that induces abnormal sodium influx through
mechanically sensitive Nat channels. This subsequently
triggers an increase in intra-axonal calcium via the open-
ing of the voltage-gated calcium channel, up-regulation
of glutaminergic pathway,chronic neuro-inflammation
and apoptosis.

CMS symptoms include altered vision (particularly
photophobia, diplopia), altered hearing (peculiar miso-
phonia), altered speech and swallowing, the presence
of vertigo, dizziness, numbness (i.e., peripheral hypo/
anesthesia), dysesthesias (e.g., allodynia, hyperalge-
sia, burning sensations, etc.),paresthesia, tremulous
limbs, muscle weakness, lack of balance and coordina-
tion, abnormal movements (e.g., fasciculations, peri-
odic limb movements, dystonia), sensory loss, bladder
dysfunction,altered sleep architecture, mood changes,
emotional and cognitive disturbances(minor memory
and concentration disturbances) [5]. Some of these symp-
toms coincide with those observed in chronic fatigue
syndrome (CFS), Myalgic Encephalomyelitis (ME),or a
combination of both (ME/CEFS) [6].

CCI may give rise to microtraumas on cranio-cervical
joints surfaces and musculoskeletal inflammation with
repetitive peripheral sensitization that ultimately result

in the complex phenomenon of Central Sensitization(CS)
and hyperalgesia [2].

Patients with EDS-HT/JHS and CCI suffer from
severe widespread pain. This pain is exceedingly diffi-
cult to manage and is often poorly controlled with opi-
oids. Moreover, these patients have frequently associated
chronic fatigue, high level of anxiety, depression or mood
changes, functional gastrointestinal disturbances, mast
cell activation syndrome (MCAS), and autonomic symp-
toms such as postural orthostatic tachycardia syndrome
(POTS). On the other hand, it is striking that some stud-
ies seem to suggest there is a common genetic condition
related to germline excessive duplications and triplica-
tions in the allelic TPSABI gene encoding a-tryptase that
provokes an increase in serum basal tryptase levels from
mast cell activity (tryptase>8.0 ng/ml). This is a com-
mon autosomal dominant inheritance that may partially
explain an important intolerance of opioids, the coexist-
ence of these multi-system symptoms affecting the skin,
gastrointestinal and urinary tract, circulation and muscu-
loskeletal system as well as for the coexistence of MCAS,
POTS and EDS-HT/JHS [7, 8].

Opioid-induced hyperalgesia (OIH), chronic neuro-
inflammation, glial activation and neuronal plasticity in
the spinal cord, brainstem and brain, and consequently
Central Sensitization (CS) phenomena may explain this
complex and painful condition [1, 9-11].

In fact, these patients may suffer from a category of
pain known as central intractable pain, a painful condi-
tion that does not respond well to opioids and their use
may even be detrimental to the patient [11, 12].

Enhanced Recovery After Surgery (ERAS) protocols
have incorporated some opioid-free anesthetic tech-
niques (OFA) thanks to the use of infusions of coadjuvant
drugs with anti-hyperalgesic and analgesic properties
with mechanisms of action different to opioids. The med-
ical literature supports the use of intravenous infusions of
lidocaine, ketamine and dexmedetomidine as a balanced
way to substitute or reduce opioids in the perioperative
period [11-15].

Considering that OIH and CS are important causes
of this complex and painful condition, the restriction of
the use of opioids and the use of drugs with potent anti-
hyperalgesic effects seems to be a reasonable option for
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the management of perioperative pain in patients with
EDS-HT/JHS and cranio-cervical instability undergoing
cranio-cervical fixation/fusion surgery (CCF) [13-16].
The main aim of this study was to determine if the use
of OFA plus the postoperative infusions of low intrave-
nous doses of lidocaine, ketamine and dexmedetomi-
dine (OFA-plus) protocol improves postoperative pain
control, and reduces the need for opioid rescues (meth-
adone) compared to those patients managed with opioid-
based anesthesia and analgesia. The secondary aim was
to determine if the restricted use of opioids protocol
may reduce the need for opioids at hospital discharge,
decrease the postoperative incidence of gastrointestinal
complications (nausea, vomiting, ileus, constipation) and
reduces the need for postoperative anxiolytic treatment.

Methods

An observational, retrospective and descriptive case-
series study was conducted at “Centro MédicoTeknon”
(Quirénsalud Group) after approval by the ethical com-
mittee of the hospital (2020/107-ANE-CMT), and
registered in Clinical Trials (ClinicalTrials.gov ID:
NCT04437589). Forty-two patients, thirty-nine women
and three men diagnosed with EDS-HT/JHS undergo-
ing CCF from September 2018 to March 2020 were
enrolled for this study. Inclusion criteria were men and
women from 18 to 60 years old with a diagnosis of EDS-
HT/JHS who underwent CCF. Patients were divided into
two groups: the OFA-plus Group, patients who received
opioid free total intravenous anesthesia with propofol,
lidocaine, ketamine and dexmedetomidine, and the OP
Group, opioid-based total intravenous anesthesia with
propofol. Exclusion criteria were CCF due to post-trau-
matic or oncologic cranio-cervical instability, lidocaine
allergy, advanced heart blockage, non-medicated epilepsy
or convulsive syndrome. Informed consent was signed by
all participants.

OFA-plus group

Opioid free total intravenous anesthesia consisted of
propofol infusion by Braun Infusomat®Space pump
with Target Controlled Infusion mode (TCI) Schnider
model at Ce. 2.0-4.0 mcg/ml to maintain BIS values
between 40-60, lidocaine 2.0-3.0 mg/kg/h, ketamine
0.2-0.3 mg/kg/h and dexmedetomidine 0.2-0.3 mcg/
kg/h. Postoperative multimodal analgesia was based
on lidocaine 0.5 mg/kg/h, ketamine 0.05 mg/kg/h and
dexmedetomidine 0.05 mcg/kg/h infusions for a week.
For breakthrough severe pain crisis 15 mcg of sufenta-
nil (sublingual micro-pills) was administered by Patient
Controlled Analgesia (PCA) system with 20 min lock-
out (Zalviso : PCA dispenser), and 5-10 mg of subcu-
taneous methadone if there was no improvement despite
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previous measures. In the OP Group, total intravenous
anesthesia consisted of propofol by TCI mode Schnider
model, fentanyl 0.5-3.0 mcg/kg/h and remifentanil infu-
sion by Braun Infusomat®Space pump TCI Minto model
at Ce 2.0-4.0 ng/ml, or sufentanil 0.1-0.3 mcg/kg/h.
Postoperative analgesia with morphine infusion at 10-20
mcg/kg/h plus PCA bolus 10-30 mcg/kg/h 20 min lock-
out. Additionally, 5-10 mg subcutaneous methadone
for breakthrough severe pain crisis was administered if
no improvement was shown despite previous measures.
(Fig. 1).

Main and secondary variables were collected according
Table 1.

Statistical analysis

Information was extracted from the database of post-
operative analgesia team of Anesthesiology Department
(Servei Central d’ anesthesia-Anestalia) and from the
hospital medical records in “Centro MédicoTeknon”. An
identification was assigned by a numerical code to every
patient in order to preserve the patient’s privacy. Descrip-
tive statistics were expressed by mean =+ standard devia-
tion. Categorial variables were presented as frequency
(percentages). Depending on the variables Chi-squared
or Fisher’s test were used for inferential statistics. Non-
normally distributed data were shown as median and
25th percentile-75th percentile (IQR: Q1-Q3). Confi-
dence interval of 95% (C.I), and P values < 0.05 were con-
sidered to be significant.

Results

19 patients in OFA-plus group and 23 patients in OP
group were analyzed. No significant differences were
found in BMI in OFA-plus 23.5+4.30 kg/mt? vs. OP
22.9 4+ 4.43 kg/mt?. There were also no differences in pre-
operative VAS between both groups 7.57 (6.99-7.96) and
7.47 (7.12-8.01), respectively.

There was a reduction in VAS scores during lst,
2nd, 4th, 6th postoperative days in OFA-plus group
(»<0.001). The reduction of VAS was more important
on the 1stpostoperative dayin the OFA-plus group 5.35
(4.83-5.86) vs. OP group 7.89 (7.56-8.23) (p<0.001),
meaning a decrease up to 32% of VAS in OFA-plus group.
A reduction of VAS scores at hospital discharge day in
OFA-plus group 4.96 (4.54—5.37) was also found in com-
parison with the OP group 6.39 (6.07-6.71) (p<0.001)
(Fig. 2). For statistical analysis at hospital discharge day
one patient of the OP group was excluded due to death
because of respiratory depression. There were no dif-
ferences in the length of the hospital stay (OFA-plus:
19+ 3.1 days vs. OP 22 42.3 days).

There were differences regarding the use of methadone
to treat severe breakthrough pain crisis. Up to 78% of
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OFA-plus

Propofol TCI
Ce 2.0-4.0 mcg/ml
Lidocaine
2,0-3,0 mg/kg/h
Dexmedetomidine
0.2-0.3 mcg/kg/h
Ketamine 0.2-0.3 mg/kg/h

ANESTHESIA

Lidocaine 0.5 mg/kg/h
Ketamine 0.05 mg/kg/h

PCA dispenser
15 mcg sublingual sufentanil
(for one week)

pain
Methadone 5-10 mg /8h s.c.

POSTOPERATIVE ANALGESIA

Continuous Infusion Adjuvants

Dexmedetomidine 0.05 mcg/kg/h

Rescue for severe breakthrough

2 GROUPS

OP

Propofol TCI
Ce 2.0-4.0 mcg/ml
Fentanil 0.5-3.0 mcg/kg/h
Remifentanil TCI Ce 2.0-4.0ng/ml
Or Sufentanil TCI 0.1-0.3 mcg/kg/h

Morphine continuous infusion
at 10-20 mcg/kg/h

PCA dispenser
Morphine PCA bolus 1-3 mg

Rescue for severe breakthrough
pain
Methadone 5-10 mg /8h s.c.

All patients received Paracetamol 1gr, Dexketoprofen 50mg, MgSO, 50mg/kg, Ondansetron 4mg,
Dexamethasone 8mg and Tranexamic acid 2gr

Fig. 1 Anesthesia and postoperative analgesia protocol according to each group

patients in OFA-plus group did not need methadone res-
cue. 95% of patients in the OP group needed methadone
rescue. About 42% of OP patients required high doses of
methadone (more than 15 mg/day) (Fig. 3).

There was a significant reduction of sufentanil require-
ment in the OFA-plus group during the 1st postoperative
day in comparison with the equivalent doses of morphine
consumption in the OP group (p<0.05) There were no
differences regarding equivalent doses of sufentanil or
morphine consumption on 2nd, 4th, and 6th postopera-
tive days between both groups (Table 2). The period of
administration of sufentanil by PCA was 7.0+ 2.2 days.

A reduction of ileus and postoperative nausea and
vomiting was observed in the OFA-plus group (p <0.001).
There was no difference in constipation incidence
between groups. The general consumption of anxiolytics

in the OFA-plus group during the hospitalization was
reduced. A 77% reduction of anxiolytics requirements
was observed in OFA-plus group.

63% of patients of the OP group needed anxiolytics
very frequently (more than 3 times/day). In the OFA-plus
group 17.4% (n=4) of patients had visual hallucinations.
Haloperidol was used in two patients (Table 3).

60.9% of patients in the OFA-plus group showed a
decrease in opioid requirements at discharge compared
with preoperative values. In the OP group no decrease
was observed (Table 3).

Discussion

The present study demonstrates that the patients with
EDS-HT/JHS undergoing CCF who received OFAplus
postoperative administration of lidocaine, ketamine
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Table 1 Description of main and secondary variables
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Main variables

Preoperative VAS score (0-10/10). 0 means absence of pain and 10 the severest pain imaginable
Postoperative VASscore (0-10/10) at 1st, 2nd, 4th, 6th postoperative days and at hospital discharge
“Range of sufentanil requirements (micro-pills per postoperative day)
1: 0-2 micro-pills (equal or less than 30 mcg/day)

2: 24 micro-pills (30-60 mcg/day)

3:5-10 micro-pills (75-150 mcg/day)

4: More than 10 micro-pills (more than 150 mg/day)

) Range of morphine requirements per day (continuous perfusion plus PCA)
1:0-30 mg/day

2:30-60 mg/day

3:60-150 mg/day

4: More than 150 mg/day

Requirement of methadone for breakthrough severe pain crisis
0:no use

1:<10 mg/day

2:10-15 mg/day

3: More than 15 mg/day

Secondary variables

Length of hospital stay (days)

Preoperative opioid requirement

0: No opioids or occasionally

1: Weak opioids (tramadol, codeine, tapentadol)

2: Strong opioids (fentanyl, oxycodone, morphine, buprenorphine)
3: Strong opioid combination

Opioid requirement at discharge

0: No opioids

1: Decrease compared to preoperative (between 20 and 30%)

2: Same dose compared to preoperative

3: More dose compared to preoperative

Postoperative nausea and vomiting

1:Yes

2:No

Paralytic ileus

1:Yes

2:No

Constipation

1:Yes

2:No

Requirement of Anxiolytics

0: No requirements

1: Once/day

2:Twice/day

3:3Times/day

4: More than 3 times/day

VAS visual analogue scale score
® Opioid equivalences:

® In order to compare daily and total opioid requirements (morphine vs. sufentanil), the following equivalence was assumed according to equipotent doses:

15 mg morphine (intravenous) = 15 mcg sufentanil (Sublingual) = 150 mcg sublingual fentanil
Based on the following equivalences:

10 mg i.v morphine = 100 mcg sublingual fentanyl =30 mg oral morphine

Fentanil: sufentanil 10:1
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Fig. 3 Percentual distribution of patients that needed methadone rescue during hospitalization. * p <0.01

10-15 mg > 15 mg

and dexmedetomidine infusions presented a significant
reduction in pain during the first 6 days of postopera-
tive and at the time of the hospital discharge compared
with the group managed with opioid-based anesthesia
plus postoperative analgesia with intravenous mor-
phine. Moreover, throughout the hospital stay, the per-
centage of patients who required methadone rescue to
treat severe breakthrough pain was considerably lower

in the OFA-plus group, as well as the total doses of
methadone.

Due to the limitations of a retrospective study, there
were difficulties in achieving some of our goals. The
patients of the OFA-plus group used oral sufentanil by
PCA as part of their postoperative analgesia protocol,
and patients of OP group received morphine in con-
tinuous infusion plus PCA bolus. The difficulty found in
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Table 2 Perioperative VAS score and opioid requirements
Variable Total (n=42) Opioid-free (n=23) Opioid (n P value
(*) VAS score, (median, Q1-Q3)
Preoperative 8 (7-8) 8 (7-8) 7 (7-8) 0.764
Day 1 6.50 (5-8) 5(5-6) 8(8-8) <0.001
Day 2 6 (5-8) 5(5-6) 8 (7-8) <0.001
Day 4 6 (5-7) 5(5-5) 7(7-8) <0.001
Day 6 5(5-7) 5(5-5) 7(6-7) <0.001
Hospital discharge day 6 (5-6.5) 5 (4-5) 5(6-7) <0.001
Methadone rescue, n (%)
0 19 (45.2) 18 (78.3) 1(5.3) <0.001
5 mg/day 5(11.9) 2(87) 3(15.8)
10-15 mg/day 9(214) 2(87) 7 (36.8)
> 15 mg/day 9(21.4) 1(4.3) 8(42.8)
Sufentanil (S) vs. morphine (M) on 1st, 2nd, 4th
and 6th postoperative days
Day 1,n (%)
(S) <30 mcg/day 10 (23.8) 3(13) 7 (36.8) 0.027
or
(M) <30 mg/day
(5)30-60 mcg/day 7(167) 7(304) 0(0)
or
(M)30-60 mg/day
(5)60-150 mcg/day 11(26.2) 7(304) 4(21)
or
(M)60-150 mg/day
(S)>50 mcg/day 14 (33.3) 6(26.1) 8(42.1)
or
(M)>50 mg/day
Day 2, n (%)
(S) <30 mcg/day 11 (26.2) 3(13) 8(42.1) 0.201
or
(M) <30 mg/day
(5)30-60 mcg/day 9(214) 7(304) 2(10.5)
or
(M)30-60 mg/day
(S)60-150 mcg/day 15(35.7) 9(39.1) 6(31.6)
or
(M)60-150 mg/day
(S)>50 mcg/day 7(16.7) 4(17.1) 3(15.8)
or
(M)>50 mg/day
Day 4, n (%)
(S) <30 mcg/day 11 (26.2) 3(13) 8(42.1) 0.109
or
(M) <30 mg/day
(5)30-60 mcg/day 13(31) 10 (43.5) 3(15.8)
or
(M)30-60 mg/day
(5)60-150 mcg/day 12 (28.6) 7 (304) 5(26.3)
or
(M)60-150 mg/day
(S)>50 mcg/day 6(14.3) 3(13) 3(15.8)

or
(M)>50 mg/day

Day 6, n (%)
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Table 2 (continued)

Variable Total (h=42) Opioid-free (n=23) Opioid (n=19) P value
(S) <30 mcg/day 10 (23.8) 3(13) 7 (36.8) 0.224
or
(M) <30 mg/day
(5)30-60 mcg/day 22 (524) 15 (65.2) 7 (36.8)
or
(M)30-60 mg/day
(5)60-150 mcg/day 8(19) 4(17.4) 421)
or
(M)60-150 mg/day
(S)>50 mcg/day 2(4.8) 1(43) 1(5.3)

or
(M)>50 mg/day

VAS Visual Analogue Scale score, S sufentanil, M morphine, Q7 quartile 1, Q3 quartile 3

Data are presented as median (quartile 1, quartile 3), or n (%) depending on the type and distribution. Values < 0.05 are considered to represent a negligible difference

Table 3 Demographics and secondary variables

Variable Total (n=42) OFA-plus OpP Pvalue
(n=23) (n=19)
Age (y), (means=+SD) 34.83+11.06 34.04+£11.39 35.79+£10.77 0.820
Sex, n (%)
Male 3(7.1) 0(0) 3(15.8) 0.084
Female 39(92.9) 23 (100) 16 (84.2)
Preoperative opioid prescription, n (%)
No or eventually 7(16.7) 3(13) 4(21.1) 0.819
Weak opioids 11(26.2) 6(26.1) 5(26.3)
Strong opioids 15 (35.7) 8(34.8) 7 (36.8)
Strong opioid combination 9(214) 6(26.2) 3(15.8)
lleus, n (%) 14 (33.3) 1(4.3) 13 (68.4) <0.001
PONV, n (%) 23 (54.8) 6(26.1) 17 (89.5) <0.001
Constipation, n (%) 14 (33.3) 6(26.1) 8(42.1) 0.335
Anxiolytic requirements, n (%)
No 0(0) 0(0) 0(0) 0.002
Possible 0(0) 0(0) 0(0)
Moderate 8(19) 8(34.8) 0(0)
Frequent 18 (42.9) 11(47.8) 7 (36.8)
Very frequent 16 (38.1) 4(17.4) 12 (63.2)
Opioid requirements at discharge?, n (%)
No 8(19) 6(26.1) 2(10.5) <0.001
Decrease 14 (33.3) 14 (60.9) 0(0)
Equal 8(19) 3(13) 5(26.3)
Increase 12 (28.6) 0(0) 12 (63.2)

Data are presented as means + standard deviation, or n (%) depending on the type and distribution. P values < 0.05 are considered significant

PONV postoperative nausea and vomiting, SD standard deviation

2 Compared to preoperative values

establishing a comparison in the consumption of opioids
by PCA between both groups during the first 6 postop-
erative days was solved using the concept of equivalence
potency between opioids, and also grouping the opioid

requirements by the ranges of clinical doses used.

During the first postoperative day, PCA requirements
of sufentanil in the OFA-plus group were lower than the
equivalent doses of morphine required in the OP group.
This finding is consistent with the published literature
related to the effects of the OFA on the reduction of
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opioids in the first 24 h after surgery. Maintaining intra-
operative homeostasis (normovolemia, normothermia,
normoglycemia, hemodynamic stability) in conjunction
with the doses of lidocaine, ketamine and dexmedetomi-
dine used during surgery probably had a significant effect
on the attenuation of intraoperative stress, systemic
inflammatory response and pain on the first postopera-
tive day [13, 17].

Although there were no differences in sufentanil or
morphine equivalent requirements on the 2nd, 4th and
6th day, VAS score was significantly lower in the OFA-
plus group during the first postoperative week. The com-
plexity of the patients studied and the type of surgery
made analgesic treatment without opioids extremely dif-
ficult for pain control in the first days after surgery [16,
18].

Studies of OFA in patients undergoing spinal surgery
show controversial results in terms of the postoperative
reduction of opioids, the recovery time, the complica-
tions, and the length of hospital stay [8—10]. However,
there seems to be more agreement about the periop-
erative use of non-opioid coadjuvants as part of a mul-
timodal analgesia protocol to achieve enhanced recovery
after spine surgery [16, 18, 19].

We cannot affirm that OFA management is an inde-
pendent factor in reducing postoperative pain. However,
OFA management plus postoperative use of lidocaine,
ketamine, and dexmedetomidine infusions as part of
robust multimodal analgesia can explain our results [15].

Intravenous lidocaine, ketamine, and dexmedetomi-
dine have analgesic mechanisms mediated by a strong
systemic anti-inflammatory effect and other multiple
anti-nociceptive pathways (i.e., reduction of inflamma-
tory biomarkers by direct action on cell membrane of
monocytes, neutrophils and mast cell, PKC-mediated
reduction of Ca*tintracellular influx and K*,-channels,
action over cholinergic, adrenergic, GABAergic, NMDAr,
and NK-1r pathways) [20-23].

In the OFA-plus group, these coadjuvants were admin-
istered intraoperatively and during the first postoperative
week. The continued perioperative use of lidocaine, keta-
mine and dexmedetomidine infusions and the gradual
reduction of the doses over one week might overcome
the peak of the inflammatory surgical-response, and
therefore its effect on pain and Central Sensitization,
minimizing opioid exposure, and resulting in a reduction
of VAS [12, 17, 24, 25].

In the OP group, morphine analgesia protocol was
maintained for 16.0£3.0 days. In the OFA-plus group,
the average time of administration of sufentanil by PCA
was 7.0£2.2 days. During the remaining time of hospi-
talization of the OFA-plus group only methadone was
used as a rescue pain reliever until hospital discharge.

Page 9 of 12

Methadone is an opioid with an unique central nervous
system effects (anti-NMDA receptor and inhibition of
serotonin and norepinephrine uptake) that may enhance
recovery by attenuating the development of hyperalgesia
and tolerance. Also, the literature describes that metha-
done can improve postoperative analgesia and the long-
term outcome in patients undergoing posterior spinal
fusion surgery [26, 27].

There was no difference in the length of the hospital
stay (OFA-plus: 19 £ 3.1 days vs. OP 22 4-2.3 days). How-
ever, at the time of hospital discharge VAS score and total
opioid consumption were lower in the OFA-plus group.
We believe that the results obtained are the consequence
of the sum of multifactorial effects because of the admin-
istration of OFA, postoperative use of infusions of lido-
caine, ketamine and dexmedetomidine, the limited use of
sufentanil for less than 8 days, and the use of methadone
as the only rescue during the rest of hospitalization.

Patients in both groups had preoperative severe occip-
ital-cervical pain (VAS score OFA-plus: 8.0 vs. OP: 7.0,
p=0.764). Also, a high percentage of the patients in both
groups (57.1%) came with medical prescription of strong
opioids or a combination of these (p=0.819).

At the time of hospital discharge, the OFA-plus group
showed a decrease in opioid requirements in compari-
son to preoperative doses vs. OP group (p<0.001). The
60.9% of patients in the OFA-plus group showed a reduc-
tion in opioid doses, whereas 63.2% of patients in the OP
group showed an increase in comparison to preoperative
requirements. In the OFA-plus group, 26.1% of patients
(n=6) were discharged without opioid prescription vs.
10.5% in the OP group.

The pain management in these patients is very com-
plex, and it is extremely difficult not to use opioids after
surgery. Although the results of our study showed a
reduction in opioid requirements at the time of hospital
discharge in the group with OFA-plus group, the limited
number of cases studied does not allow us to give a defin-
itive conclusion on the matter. The majority of patients
who were discharged without opioid prescription had
preoperative medical prescription with no opioids or
weak opioids. That fact strongly suggests that opioid-
induced hyperalgesia and opioid tolerance are important
mechanisms that lead to the persistence of severe pain in
these patients [10, 11, 28].

A high percentage of the patients undergoing CCF with
EDS-HT/JHS suffer from functional gastrointestinal dis-
turbances with tendency to develop intestinal ileus, nau-
sea and vomiting. Also, they frequently have altered sleep
architecture, mood changes, depression and emotional
and cognitive disturbances. Preoperative depression or
anxiety have been associated with a greater likelihood of
adverse outcomes and increased opioid consumption in
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patients undergoing cervical spine surgery. Our results
showed a significant decrease in nausea and vomiting
and reduction in the use of anxiolytics in the OFA-plus
group [1, 2, 29].

It seems evident that the lower exposure to opioids in
the OFA-plus group contributed to a better postoperative
evolution of gastrointestinal function. However, the inci-
dence of constipation was similar in both groups, there-
fore the preventive use of medication to improve the
quality of faeces is important. These patients remain in
bed for a long time, have little mobility, a deterioration in
physical condition and fluid intake is generally low.

On the other hand, the reduction in the use of anxiolyt-
ics in the OFA-plus group may be the result of low-doses
of ketamine on mood, the anxiolytic effect of dexmedeto-
midine, and a better postoperative pain control. Almost
all patients studied were young women. The effects of
low-dose ketamine as an anti-depressant have been
described to be better in young women and adolescent
females, as well as producing lower incidence of adverse
psychomimetic effects (hallucinations, anxiety or panic
attacks) compared to men. In our series, 17.4% (n=4,
one man) of patients had visual hallucinations that justi-
fied the temporary suspension of ketamine and the sub-
sequent dose reduction. Haloperidol was administered to
two patients, improving symptoms [30].

Another limitation of our study was to evaluate the
VAS only at rest. Most of these patients began to sit after
6 postoperative days, and get up or walk after a week,
therefore, the VAS score during movement was not
considered within our goals. An attempt was made to
establish a statistical measure of inter-observers concord-
ance by Kappa Coefficient. However, it was not possible
since the recorded data of VAS evaluation was carried
out and registered by a single observer, assigned daily
for the assessment of pain. Both the workflow organiza-
tion of our postoperative pain management team and the
retrospective design of the present study represented a
limitation to the definition of any inter-rater reliability
coefficient [31].

Mast cell activation syndrome (MCAS) and autonomic
symptoms like postural orthostatic tachycardia syndrome
(POTS) are frequently present in the patients with EDS-
HT/JHS [32].

Some opioids can be MCAS triggers or provoke hemo-
dynamic disturbances due to histamine release. Moreo-
ver, many patients with EDS-HT/JHS and MCAS have
a medical history of allergy to certain opioids. A thor-
ough preoperative anamnesis should always be done to
avoid using triggers [33]. Due to the aforementioned, it
seems that reducing the use of opioids in these patients
is reasonable. Although opioids were used in both groups
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throughout the hospital stay, there were no events associ-
ated with MCAS [34].

In conclusion, it is feasible to administer OFA to
patients undergoing CCF with EDS-HT/JHS. Intraop-
erative plus postoperative use of lidocaine, ketamine,
and dexmedetomidine infusions offer better postopera-
tive pain control compared to opioid-based anesthetic/
analgesic techniques. The anti-inflammatory and anti-
hyperalgesic effects of lidocaine, ketamine, and dexme-
detomidine may provide a beneficial effect as part of a
more robust multimodal analgesia protocol focused on
the management of hyperalgesia and Central Sensitiza-
tion phenomena.

Although there was no evidence of a reduction in
opioid use during the first postoperative week, in the
OFA-plus group a lower percentage of patients required
methadone throughout the hospitalization period. More-
over, OFA-plus group showed a significant reduction
in VAS score compared to OP group throughout hos-
pitalization and discharge. Furthermore, in this group
there was a tendency to reduce opioid requirements at
the time of hospital discharge compared to preoperative
use. Unfortunately, our study did not include a long-term
outcome of the patients, another aspect that limits our
conclusions about the possible benefits of reducing the
perioperative use of opioids in this context.

Certain doubts arise from the present study. First, what
would the optimal time to maintain postoperative infu-
sions of lidocaine, ketamine and dexmedetomidine be?
Second, what oral medications could replace the effects
of these infusions after one week of the postoperative
period? For example, it could be lamotrigine, carbamaz-
epine, memantine or ketamine (both anti-rNMDA), or
maybe clonidine. Thirdly, could sufentanil be replaced
by some other type of non-opioid analgesic rescue (i.e.,
medical cannabinoids)? It is probable that many other
questions will arise. For example, it may be interesting
to study the effect on SC and postoperative VAS of using
Low-dose of Naltrexone (LDN: 1-5 mg/day) several
weeks prior to surgery to reduce the chronic glial inflam-
mation by modulating Toll-like receptor 4 signaling, and
additionally by a systemic up-regulation of endogenous
opioid signaling by acting on filamin A, a scaffolding pro-
tein involved in p-opioid receptor signiling [35, 36].

Conclusion

The present study demonstrates that the use of medi-
cations such as lidocaine, ketamine, and dexmedeto-
midine during the intraoperative and postoperative in
patients with EDS-HT/JHS undergoing CCEF is a feasible
and safe option to improve postoperative pain control,
and to reduce the postoperative side effects due to its



Ramirez-Paesano et al. Orphanet J Rare Dis (2021) 16:172

anti-inflammatory, anti-hyperalgesia and opioid-sparing
effects. We believe that the information derived from
this retrospective study can offer an open door for future
research, prospective and controlled clinical trials.

Abbreviations

Ce: Concentration at pharmacokinetic effect compartment; OCF: Occipito-cer-
vical fixation/fusion surgery; CCF: Cranio-cervical fixation/fusion surgery; CCl:
Cranio-cervical instability; C.l: Confidence interval; CS: Central sensitization
phenomena; EDS-HT/JHS: Ehlers-Danlos syndrome-hypermobility type/joint
hypermobility syndrome; ERAS: Enhanced recovery after surgery protocols;
GABA: Gamma-aminobutyric acid; IQR: Interquartile range; K+A: Potassium
channels type A; MCAS: Mast cell activation syndrome; NMDAr: N-Methyl-D-
Aspartate receptors; NK-1r: Neurokinin-1 receptors; PCA: Patient controlled
analgesia; OFA: Opioid-free anesthesia; OFA-plus: Opioid-free anesthesia plus
postoperative infusions of lidocaine, ketamine and dexmedetomidine; OIH:
Opioid-induced hyperalgesia; PKC: Protein Kinase C; PONV: Postoperative nau-
sea and vomiting; OP: Opioid-based anesthesia and analgesia management;
POTS: Postural orthostatic tachycardia syndrome; SD: Standard deviation; TCI:
Target controlled infusion mode; VAS: Visual analogue scale score.

Acknowledgements

The authors would like to thank Medical Records Department of Centro
Médico Teknon and Pain Management Team of Department of Anesthesiol-
ogy of Centro MédicoTeknon (Servei Central d’Anesthesia-Anestalia) for facili-
tating us to access the necessary information. Also, we would like to thank
engineers'group of Anestalia for helping us in the statistical calculations and
elaboration of graphs and tables. Finally, we would like to show our gratitude
to The Pharmacy Services of Centro Médico Teknon and the Department of
Anesthesiology of Centro MédicoTeknon (Servei Central d’ Anesthesia-Anesta-
lia) to support us.

Authors’ contributions

CR-P conducted literature review, study design and conception, data acquisi-
tion and interpretation, statistical analysis, drafting and critical revision the
manuscript. AJG and CRC contributed to study design and conception,
statistical analysis, interpretation of data and critical revision of the manuscript.
SJG contributed to statistical analysis, conception of graphs and revision of the
project. VWC, BRN and LCL conducted literature review, contributed to study
design and conception, data acquisition and data interpretation. VGG, BOA,
JSF and JRO conducted data interpretation were well as critical revision of the
manuscript and supervision of the project. All authors critically reviewed the
manuscript and approved the final manuscript as submitted.

Funding
Not applicable.

Availability of data and materials
Datasets used and/or analyzed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved prior data collection by the ethics committee of
Centro MédicoTeknon(CEIm) with approval number 2020/107-ANE-CMT, and
registered in Clinical Trials (ClinicalTrials.gov ID: NCT04437589). All patients
included in this study provided written consent and their personal informa-
tion was protected.

Consent for publication
All participants have provided written consent to publication of the gathered
data in an anonymized form.

Competing interests
The authors declare no competing interest.

Page 11 of 12

Author details

! Servei Central D'Anestesiologfa (Anestalia), Centro Médico Teknon, Carrer
Vilana 12, 08022 Barcelona, Spain. > Hospital Universitari Dexeus, Grupo Qui-
ronsalud, Carrer Sabino Arana, 5, 19, 08028 Barcelona, Spain. * Centro Médico
Teknon, Grupo Quironsalud, Carrer Vilana 12, 08022 Barcelona, Spain. 4 Postop-
erative Pain Management Team of Servei Central D’Anestesiologia (Anestalia),
Centro Médico Teknon, Grupo Quironsalud, Carrer Vilana 12, 08022 Barcelona,
Spain.

Received: 12 October 2020 Accepted: 30 March 2021
Published online: 13 April 2021

References

1. Castori M, Morlino S, Ghibellini G, Celleti C, Camerota F, Grammatico P
Connective tissue, ehlers-danlos syndrome(s), and head and cervical
pain. Am J Med Genetics C. 2015;169C:84-96.

2. Henderson FC. Cranio-cervical instability in patients with hypermobility
connective disorders. J Spine. 2016;5:2. https://doi.org/10.4172/2165-
7939.1000299.

3. Henderson FC, Wilson WA, Mott S, Mark A, Schmidt K, Berry KJ, Vaccaro
A, Benzel E. Deformative stress associated with an abnormal clivo-axial
angle: a finite element analysis. SurgNeurolint. 2010;1:30. https://doi.org/
10.4103/2152-7806.66461.

4. -Consensus Statement. Colloquium on Basilar Impression and Cranio-
vertebral Instability. In Co-Morbidities that Complicate the treatment
and Outcome of Chiari Malformation, Chiari Syringomyelia Foundation
Proceedings, 2014: 118-122.

5. Henderson FC, Francomano CA, Koby M, Tuchman K, Adcock J, Patel S.
Cervical medullary syndrome secondary to craniocervical instability and
ventral brainstem compression in hereditary hypermobility connective
tissue disorders: 5-year follow-up after craniocervical reduction, fusion,
and stabilization. Neurosurg Rev. 2019;42:915-36.

6. Jason LA, Zinn ML, Zinn MA. Myalgic Encephalomyelitis: Symptoms and
Biomarkers. CurrNeuropharcol. 2015;13:701-34.

7. LyonsJJ,Yu X, Hughes JD, Le QT, Jamil A, Bai Y, Ho N, Zhao M, Liu Y,
O’Connell MP, Neil N, Trivedi NN, et al. Elevated basal serum tryptase
identifies a multisystem disorder associated with increased TPSABTcopy
number. Nat Genet. 2016;48(12):1564-9. https://doi.org/10.1038/ng.3696.

8. Willcock A, Bahri R, Bulfone-Paus S, Arkwright PD. Mast cell disorders:
from infancy to maturity. Allergy. 2019;74(1):53-63.

9. JiR-R, Nackley A, Huh Y, Terrando N, Maixner W. Neuroinflammation and
Central Sensitization in Chronic and Widespread Pain. Anesthesiology.
2018;129:343-66.

10 Scheper MC, EdeVries J, Verbunt J, Engelbert RH. Chronic pain in hyper-
mobility syndrome and Ehlers-Danlos syndrome (hypermobility type): it
is a challenge. J Pain Res. 2015;8:591-601.

11 Lee M, Silverman S, Hansen H, Patel V, Manchikanti L. A comprehensive
review of opiod-induced hyperalgesia. Pain Physician. 2011;14:145-61.

12. Feizerfan A. Transition from acute to chronic pain. ContEducAnaesthCrit
Care Pain. 2015;15(2):98-102. https://doi.org/10.1093/bjaceaccp/mku044.

13. Kim DJ, Bengali R, Anderson TA. Opioid-free anesthesia using continuous
dexmedetomidine and lidocaine infusions in spine surgery. Korean J
Anesthesiol. 2017;70(6):652-3.

14 Soffin EM, Wetmore DS, Beckan JD, Sheha ED, Vaishnav AS, et al. Opioid-
free anesthesia within an enhanced recovery after surgery pathway for
minimally invasive lumbar spine surgery:a retrospective matched cohort
study. Neurosurg Focus. 2019;46(4):E8.

15. Maheshwari K, Avitsian R, Sessler DI, Makarova N, et al. Multimodal anal-
gesic regimen for spine surgery: a randomized placebo-controlled trial.
Anesthesiology. 2020;132:992-1002.

16. Dunn LK, Duriex ME. Non-opioid analgesic: novel approaches to periop-
erative analgesia for major spine surgery. Best Pract Res ClinAnaesthesiol.
2016;30:79-89.

17. Cassuto J, Sinclair R, Bonderovick M. Anti-inflamatory of Local anesthesia
and their present and potential clinical indications. ActaAnaesthesiolS-
cand. 2006;50:265-82.

18. Lamperti M, Tufegdzic B, Avitsian R. Management of complex spine
surgery. CurrOpinAnesthesiol. 2017;30:000-000. https://doi.org/10.1097/
ACO.0000000000000494.


https://doi.org/10.4172/2165-7939.1000299
https://doi.org/10.4172/2165-7939.1000299
https://doi.org/10.4103/2152-7806.66461
https://doi.org/10.4103/2152-7806.66461
https://doi.org/10.1038/ng.3696
https://doi.org/10.1093/bjaceaccp/mku044
https://doi.org/10.1097/ACO.0000000000000494
https://doi.org/10.1097/ACO.0000000000000494

Ramirez-Paesano et al. Orphanet J Rare Dis (2021) 16:172

20.

21

22.

23.

24

25.

26

27.

28

29

Elsarrag M, Soldozy S, Patel P, Norat P, Sokolowski JD, et al. Enhanced
recovery after spine surgery: a systematic review. Neurosurg Focus.
2019;46(4):E3. https://doi.org/10.3171/2019.1.FOCUS18700.

Farag E, Ghobrial M, Sessler DI, Dalton JE, Liu J, et al. Effect of periopera-
tive intravenous lidocaine administration on pain, opioid consump-
tion, and quality of life after complex spine surgery. Anesthesiology.
2013;119:932-40.

Eipe N, Gupta S, Penning J. Intravenous lidocaine for acute pain: an
evidence-based clinical update. BJA Educ. 2016;16(9):292-8.

Mitra R, Prabhakar H, Rath GP, Bithal PK, Khandelwal A. A comparative
study between intraoperative low-dose ketamine and dexmedetomi-
dine, as an anaesthetic adjuvant in lumbar spine instrumentation surgery
for the post-operative analgesic requirement. J NeuroanaesthesiolCrit
Care. 2017;491-8.

Li B, LiY, Tian S, Wang H, Wu H, et al. Anti-inflammatory effects of
perioperative dexmedetomidine administered as an adjunct to general
anesthesia: A meta-analysis. Sci Rep. 2015;5:12342. https://doi.org/10.
1038/srep12342.

Bolyanatz P. A new paradigm: prevention of central sensitization in

pain management through minimizing opiod exposure. IntechOpen®©.
2019;1:2. https://doi.org/10.5772/intechopen.85192.

Meiler S, Monk T, Mayfield JB, Head A. Can we alter long-term outcome?
The role of inflammation and immunity in the perioperative period (Part
Il). APSF Newsletter. Spring. 2004;19(1):1-16.

Murphy GS, Szokol JW. Intraoperative methadone in surgical patients.

A review of clinical investigations. Anesthesiology. 2019;131:678-92.
https://doi.org/10.1097/ALN.0000000000002755.

Murphy GS, Szokol JW, Avram MJ, Greenberg SB, Torin D, Shear TD. Clinical
effectiveness and safety of intraoperative methadone in patients under-
going posterior spinal fusion surgery: a randomized, double-blinded,
controlled trial. Anesthesiology. 2017;126:822-33.

Frauenknecht J, Kirkham KR, Albrech AE. Analgesic impact of intra-
operative opioids vs. opioid-free anaesthesia: a systematic review and
meta-analysis. Anaesthesia. 2019;75(5):651-62.

Harris AB, Marrache M, Puvanesarajah V, Raad M, Jain A, Kebaish K, Riley
LH, Skolasky RL. Are preoperative depression and anxiety associated with

Page 12 of 12

patient-reported outcomes, health care payments, and opioid use after
anterior discectomy and fusion? Spine J. 2020;20(8):1167-75. https://doi.
org/10.1016/j.spinee.2020.03.004.

30. XuY, Hackett M, Carter G, Loo C, Galvez V, Glozier N, Glue P, et al. Effects
of low-dose and very low-dose ketamine among patients with major
depression: a systematic review and meta-analysis. Int J Neuropsychop-
harmacol. 2016;19(4):1-15. https://doi.org/10.1093/ijnp/pyv124.

31 Yang J, Chinchilli M. Fixed-effects modeling of Cohen's weighted
kappa for bivariate multinominal data. Comput Stat Data Anal.
2011;55(2):1061-70.

32. Khon A, Chang C. The relationship between hypermobile ehlers-danlos
syndrome (hEDS), postural orthostatic tachycardia syndrome (POTS), and
mast cell activation syndrome (MCAS). Clin Rev Allerglmmunol Springer
Nature. 2019. https://doi.org/10.1007/512016-019-08755-8.

33 Wirz S, Molderings GJ. A practical guide for treatment of pain in
patients with systemic mast cell activation disease. PainPhysician.
2017;20:E849-61.

34. Wiesmann T, Castori M, Malfait F, Wulf H. Recommendations for anes-
thesia and perioperative management in patients with Ehlers-Danlos
syndrome(s). Orphanet J Rare Dis. 2014;9:109. https://doi.org/10.1186/
$13023-014-0109-5.

35 Toljan K, Vrooman B. Low-dose naltrexone (LDN)-review of therapeutic
utilization. Med Sci. 2018;82:3-18. https://doi.org/10.3390/medsci6040
082.

36. Arendt-Nielsen L, Morlion B, Perrot S, Dahan A, Dickenson A, Kress HG,
Wells C, et al. Assesment and manifestation of central sensitisation across
different chronic pain conditions. Eur J Pain. 2018;22(2):216-41. https://
doi.org/10.1002/ejp.1140.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.3171/2019.1.FOCUS18700
https://doi.org/10.1038/srep12342
https://doi.org/10.1038/srep12342
https://doi.org/10.5772/intechopen.85192
https://doi.org/10.1097/ALN.0000000000002755
https://doi.org/10.1016/j.spinee.2020.03.004
https://doi.org/10.1016/j.spinee.2020.03.004
https://doi.org/10.1093/ijnp/pyv124
https://doi.org/10.1007/s12016-019-08755-8
https://doi.org/10.1186/s13023-014-0109-5
https://doi.org/10.1186/s13023-014-0109-5
https://doi.org/10.3390/medsci6040082
https://doi.org/10.3390/medsci6040082
https://doi.org/10.1002/ejp.1140
https://doi.org/10.1002/ejp.1140

	Opioid-free anesthesia for patients with joint hypermobility syndrome undergoing craneo-cervical fixation: a case-series study focused on anti-hyperalgesic approach
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	OFA-plus group
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


