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Abstract
Objective: To evaluate the effect of a single intraarticular dose of Gonyautoxins for pain control after Total Knee Arthroplasty (TKA).
Subjects: 30 consecutive patients with osteoarthritis with Kellgren & Lawrence level of two or more, who required TKA, were enrolled.

Methods: Subjects receive a single intra-articular infiltration of 40 pg dose of Gonyautoxins, immediately after TKA wound closure. The
pain was measured with the Visual Analog Scale (VAS). Additionally, the range of motion at 12, 36, and 60 hours and hospital stay length
were recorded. Results were compared to the 2014 TKA cohort.

Results: 25 patients (83.33%) achieved successful pain management. All patients achieved complete flexion 290° 60 hours after surgery
and 24 patients achieved full extension before hospital discharge. The median VAS pain score for each evaluation period was >2. The 25
Gonyautoxins treated patients who achieved successful pain management had a median VAS pain score of 0 after 36 and 60 hours.
Conclusions: Gonyautoxins are safe and effective in pain management after TKA when used as a single intra-articular dose. This pro-

tocol shows adequate pain control in TKA, reducing discharge to 3 days and greater range of motion, improving the post-operated patient
experience.
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Introduction

The articular replacement has become the
surgery of the 20th century, with excellent results in
total hip arthroplasty. Total knee arthroplasty (TKA),
however, has not seen similar results, as only 85% of
patients are satisfied post-surgery [1-4], and the
remaining 15% complain of acute and chronic pain
[5, 6]. Correct pain management in TKA can eliminate
severe pain and reduce the length of inpatient stay,
opioid use, costs, and incidence of chronic pain [7-13].

Pain management is crucial after TKA since
post-operative pain is the most important issue for
patients [5, 6]. Pain after TKA is associated with venous
thromboembolism, coronary ischemia, pneumonia,
insomnia, delirium, paralytic ileus, complex regional pain
syndrome, urinary retention, arthrofibrosis, and
delay in rehabilitation. Prolonged postoperative severe
pain is the best predictor of  chronic
pain [7-9, 14, 15][7-9, 14, 15].

On the other hand, actual pain control protocols
interfere with rehabilitation and produce unwanted side
effects [16]. For example, continuous epidural infusion
and significant nerve blockage are associated with
paresis that can delay rehabilitation, increase hospital
stay, and increase the risk of falls, which can add other
complications. Therefore, a delicate balance is required
between the provision of adequate pain relief and early
mobilisation. For its part, intravenous patient-controlled
analgesia is associated with nausea, vomiting and
delirium in elderly patients [17]. All of the
aforementioned are reasons why the local treatment of
pain has become a better option for pain relief.

The literature describes several options for local
pain treatment after TKA [16], using a single or a
combination of  local anaesthetics, NSAIDs,
corticosteroids, morphine, antibiotics, and epinephrine;
however, these options can only achieve close to 48
hours of pain relief [7, 9, 18-27]. Both, intra and
extra-articular local infiltrations have been reported to
have comparable efficacy in reducing pain [28]. Thus,
controversy remains regarding the optimal
post-operative analgesic regimen following TKA.

Gonyautoxins are phycotoxins that belong to
the group of Paralytic Shellfish Poison (PSP], they are
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non-protein phycotoxins of low molecular weight, which
are soluble in water, and structurally related to
Saxitoxin. The PSP toxins are responsible for the human
syndrome known as Paralytic Shellfish Poisoning caused
by the consumption of mollusc that feeds on toxic
dinoflagellates [29-31].The effects of Gonyautoxins are
associated to their reversible, highly-selective blockage
of the outer pore of voltage-gated sodium channels in
neurons, inhibiting channel opening and therefore
blocking neuronal transmission at the axonal and
neuromuscular junction levels. Consequently,
Gonyautoxins prevent the propagation of action
potentials and interrupt neuronal communication,
producing anaesthesia and flaccid paralysis of the
innerved zone [32-38]. The local infiltration of
Gonyautoxins has been shown to be safe and effective
in numerous clinical applications [39]. In a recent
publication, our group showed that peri-articular
infiltration with Gonyautoxins was safe and effective in
postoperative pain control in TKA, reducing hospital stay
and opioid consumption. The present study evaluates
the effect of a single intra-articular infiltration of
Gonyautoxins to manage postoperative pain, to improve
the range of movement and rehabilitation after TKA, to
reduce hospital stay, and to abolish opioid use. This
study is the first testing of Paralytic Shellfish Poison
toxins applied in an intra-articular infiltration procedure
to control the TKA post-surgery pain.

The main aim of this study is to develop the
simplest pain management protocol in TKA to lead to
better patient welfare.

Methods

This study was approved by the Ethics
Committee of the Chile University Clinical Hospital
(Record N°© 70 2015HCUCH). The principles of the
International Ethical Guidelines for Biomedical Research
Involving Human Subjects and Declaration of Helsinki
[40] were followed in the design of the study. Written
informed consent was obtained from all patients before
enrollment in this study. Thirty patients were recruited
between October 2015 and June 2016 from the
Department of Orthopedic Surgery, Chile University
Clinical Hospital.
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Inclusion Criteria

We included 30 consecutive patients who
required a unilateral TKA due to osteoarthritis with
Kellgren and Lawrence level of two or more, which did
not respond to conservative therapy.

Exclusion Criteria.

Patients with psychiatric or neurologic conditions
that compromised their comprehension of the study and
follow-up, a known seafood allergy, narcotic
dependence, or those who rejected the procedure were
excluded. A patient who had hepatic transplantation was
also excluded. Body mass index, inflammatory
osteoarthritis, and severe perioperative deformity were
not exclusion criteria.

Surgery Procedure.

All patients received a single dose of intradural
anaesthetic consisting of 2.5cc of 0.5 % bupivacaine,
and a single intravenous bolus of antibiotic prophylaxis
(2 g cefazolin) applied 30 minutes before the surgery.
Standard TKA was performed with an anterior knee
incision and a medial parapatellar approach; use of a
tourniquet only during cementation, and no wound
drainage. The prosthesis model used in all patients was
Knee Vanguard CR AS (BIOMET®). All participants were
operated on by two senior surgeons (JH and CB) during
2015 and 2016 at our institution (Chile University Clinical
Hospital).

Immediately after wound closure, patients
received a single intra-articular injection of 40 pg of
Gonyautoxins, diluted in 60 mL of 0.9%saline solutions.
The Gonyautoxins purification has been described
previously. Briefly, the Gonyautoxins were purified from
Paralytic Shellfish Poison highly contaminated shellfish
that was collected in the fjords around the Magellan
Strait close to Punta Arenas city in the southernmost
part of Chile [32-38]. High-performance liquid
chromatography determined the toxin purity (98 %)
with online fluorescence detection and online mass
spectroscopy analysis [32-38]. The Gonyautoxin was
diluted in 0.9% saline solution; no other additives were
used. The doses were produced at the University of
Chile, Faculty of Medicine and Membrane Biochemistry
Laboratory with the approval of National Institute of
Health, Santiago, Chile.
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Postoperatively, all patients received an oral
dose of 1000 mg of acetaminophen and 100 mg of
intravenous ketoprofen every 8 hours until hospital
discharge. For rescue analgesia, 100 mg of tramadol in
100 mL of saline solution was used every 8 hours, at
maximum. If a patient refers a VAS > 5, a femoral nerve
blockage rescue was indicated, and Gonyautoxins pain
control was considered a failure. Thromboprophylaxis
5000 U of subcutaneous dalteparin every 24 hours was
administered beginning 12 hours after surgery.
Compression stockings were used with all patients.
Patients also received standard nursing care, ice packs
and wound management. Rehabilitation began the day
of the surgery (6 hours after), with in-bed mobilisation.
One day post-surgery, patients stood and walked with
two canes, with partial weight bearing, and they also
had the range of motion (ROM) knee exercises three
times per day until discharge. Discharge criteria included
the achievement of ROM, the ability to walk alone
without canes, and a VAS pain score of less than 5.

Variables.

Pre-operatively, all patients’ ROM was measured
with an analogue goniometer, and the VAS, The
Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) and Oxford Knee Score
(OKS) scales were also collected.

At 12, 36, and 60 hours post-surgery, all
patients had ROM and VAS pain measurements. The
VAS pain score measurement was made, on a scale from
0 to 10, being 0 no pain and 10 maximum pain, a score
of 4 or less was considered as successful. During the
same assessment periods, ROM was also evaluated with
analogue goniometry. A successful ROM outcome was
defined as patients achieving full extension (extension =
0°) and full flexion (defined as flexion of 90° or higher).
The use of rescue analgesia, clinical complications and
duration of hospital stay were recorded for each
participant.

TKA Patient’s Cohort: Data Obtained During 2014

To compare the clinical results of this study's
patients, we reviewed the clinical records of 81 patients
who underwent TKA in 2014 in the same hospital. All
2014 TKA patients received combined spinal
anaesthesia, consisting of an injection of fentanyl,
epinephrine, bupivacaine, and an epidural of a
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continuous solution of bupivacaine and fentanyl. The
same post-surgery pain management protocol followed
in our study was used in the 2014 Cohort. From the
starting eighty-one 2014 TKA patients, 12 were excluded
from the comparative analysis (6 for having
unicompartmental knee arthroplasty, 3 for TKA
revisions, one due to a tumour, and two bilateral TKAs
performed in one stage), leaving in total 69 patients.
Data on VAS pain and hospital length stay were
recorded from all 69 patients.

Only 62 had they range of motion recorded.
Statistical Analysis

For continuous variables in which normal
distribution could not be assumed, median, range, and
interquartile ranges (IQ) are shown, while continuous
variables with a normal distribution were summarised
with mean and standard deviation. If p-value was higher
than 0.15 in Shapiro-Wilks test, a normal distribution
was assumed.

Statistical inference was performed by
comparing the patients infiltrated with Gonyautoxin
against the 2014 TKA patient cohort. Since the
Gonyautoxin group consisted of twenty-five patients, the
Fisher two-sided test was implemented to compare
categorical variables: sex, extension success (= 0°),
flexion success (=90°) and pain success (VAS <4).

The binomial distribution was assumed for
success in full extension, flexion and VAS pain, then a
fitted repeated measurement logistic regression was
estimated. Probabilities of one event per patient and
odds ratios (OR) were calculated.

A significance level of 0.05 was established, and
the 95% confidence intervals were reported. All analyses
were performed using Stata v11.2 (StataCorp LP,
College Station, Texas, USA).

Results

The 30 patients’ average age was 66 = 6.6
years. Before surgery, WOMAC and OKS median values
were 43 [2.3-75.8, 1Q 34.1-54] and 19 [5-29, IQ 17-21],
respectively (Table 1).

Gonyautoxins Success and Clinical Complications

From 30 participating patients, only 5 (16.67%)
reported dissatisfaction with the post-surgery pain
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management and required a rescue femoral nerve block;
this outcome was considered a failure of pain control.
The remaining 25 patients (83.33%) were satisfied with
the Gonyautoxins pain control. No patients had
significant complications, although two patients reported
a metallic taste sensation on their tongue, which lasted
less than 3 hours.

Range of Motion (ROM)

The range of motion 12 hours after surgery was
85° or higher in the 25 patients who responded to
Gonyautoxins (Figure 1 and Table 1). The twenty-five
patients achieved full flexion 60 hours after surgery.
Also, an extension of 0° was achieved by 24/25
Gonyautoxin infiltrated (96%) at 60hours follow up
(Table 1).

Comparing these data with the one collected
from the 2014 TKA patient cohort, the Gonyautoxin-
treated patients reached a higher rate of extension
success at 12, 36 and 60 hours. Also, 100 % of
Gonyautoxin infiltrated reached full flexion after 60
hours, instead of the 2014 TKA Cohort only got 86.67
%. The major difference between both groups was
observed in the full extension, where at all times, higher
percentages were achieved by the group treated with
Gonyautoxins; been the maximum difference quantified
at 12 hours after surgery when Gonyautoxin treated
group reached 84% of success and the 2014 TKA cohort
only 39.06 %. Also, the ROM at 60 hours post-surgery
was significantly higher in patients infiltrated with
Gonyautoxin who’s accomplished a median ROM of
100°, instead of a median of 90° in the 2014 TKA cohort
(Table 1).

Pain

Concerning pain, 12hours post-surgery, the
median VAS score for the patients treated with
Gonyautoxin was 2, and 23 patients (92%) achieved a
VAS score < 4. Instead, the 2014 TKA cohort extended
only to 68.12 %. Nevertheless, the other two patients
(8%) infiltrated with Gonyautoxin required one bolus of
tramadol, afterwards this reinforced treatment to control
pain, they achieved a VAS score of 3. Remarkable, 100
% of the patients treated with Gonyautoxin evaluate
their pain with the median VAS score of 0 after 36 and
60 hours post-surgery. In contrast, the 2014 TKA cohort

Vol-1 Issue 1 Pg. no.— 18


http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/ipj
https://doi.org/10.14302/issn.2578-8590.ipj-18-1952

Freely Av.

ailable Online

=)
Jpen

1 Table 1. Summary of Patients, age, knee laterality, ROM and Pain VAS at 12, 36, and 60 hours |
:post-surgery, by the Gonyautoxin group and 2014 TKA patient cohort. The right column shows
1

:the significance of each test applied.

VARIABLE GONYAUTOXIN (+) | 2014 TKA COHORT | P-VALUE (TEST)
N 25 69

AGE 66 (£6.77) 66.57 (£8.79) 0.93 8 (Wilcoxon)
RIGHT KNEE 15 (60%) 35 (51.47%) 0.31 (Fisher)
MALE 13 (52%) 26 (37.68%) 0.15 (Fisher)
HOSPITAL STAY | 3[3-5] (IQ 3-3) 5 [4-20] (IQ 5-6) 0.00 (Wilcoxon)
ROM 12 HRS 85 [40-100] (IQ75-90) 995(; [40-110TIQ 901 5o (wilcoxon)
ROM 36 HRS 90 [70-110] (IQ 90-90) 995(; [60-110TIQ 901 54 (Wilcoxon)
ROM 60 HRS 100 [85-110] (IQ 90- 90 (801057 (TQ 90~ | 0" witconon)

100)

90)

EXT = 0° 12 HRS | 21 (84%) 25 (39.06%) 0.00 (Fisher)
EXT = 0° 36 HRS | 24 (96%) 44 (70.97%) 0.01 (Fisher)
EXT = 0° 60 HRS | 24 (96%) 54 (90.00%) 0.33 (Fisher)
FLEX 290° 12HRS | 14 (66%) 43 (67.19%) 0.22 (Fisher)
FLEX 290° 36HRS | 20 (80%) 51 (82.26%) 0.51 (Fisher)

FLEX =90° 60HRS

25 (100%)

52 (86.67%)

0.05 (Fisher)

VAS PAIN 12 HRS

2 [0-6] (IQ 0-2)

3 [0-8] (IQ 2-5)

0.00 (Wilcoxon)

VAS PAIN 36 HRS

0 [0-4] (IQ 0-2)

2 [0-10] (IQ 0-4)

0.00 (Wilcoxon)

VAS PAIN 60 HRS

0 [0-3] (IQ 0-2)

1 [0-10] (IQ 0-4)

0.05 (Wilcoxon)

VAS = 4 12 HRS

23 (92%)

47 (68.12%)

0.01 (Fisher)

VAS = 4 36 HRS

25 (100%)

54 (78.26%)

0.01 (Fisher)

VAS = 4 60 HRS

25 (100%)

52 (75.36%)

0.00 (Fisher)
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EFigure 1. ROM distribution at 12, 36 and 60 hours post-surgery with Graph boxes. On thei
1 Y-axis, the range of motion (ROM) is shown, with 0° at full extension. The upper box !
1 shows percentile 75 (Q3), the bottom of the box is percentile 25 (Q1) and the middle line |
1 of the box is the median (percentile 50 or Q2). Gray dots represent outliers. The upper |
limit is calculated by [1.25%(Q3-Q1) + Q3], and inferior is calculated by [1.25%,

1

H(Q3-Q1)-Q1].

showed VAS score < 4 of 68.12, 78.26 and 75.36 % at
12, 36 and 60 hours after surgery respectively (Table 1).

Length of Hospital Stay

The 25 patients (83.33%) who respond to
Gonyautoxins protocol had a median hospital stay of 3
days [3-5, IQ 3-3], while the five patients that required
a femoral nerve blockage had a median hospital stay of
4 days [4-4, IQ 4-4]. Moreover, the 2014 TKA cohort
showed a median of five days length of stay [4-20, IQ 5-
6]. The Gonyautoxin infiltrated group showed a
significantly shorter length of hospital stay than the
2014 TKA patient cohort. (Table 1, Figure 3).

Discussion

Pain management is a hot topic in joint
replacement surgery, especially for TKA. This work is our
second experience in the use of Gonyautoxins after TKA
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to achieve satisfactory pain control for patients, reducing
the length of hospital stays and improving range of
motion.

In a recent article, we demonstrated that
Gonyautoxins was successful in pain management after
TKA. In it article, Gonyautoxin was applied periarticular
in posterior capsule, both retinaculum, both collateral
ligaments, quadriceps tendon and patellar tendon, and
subcutaneous. Each injection had one cc, for a total
dosage of 30cc as peri-articular infiltration procedure in
TKA [41]. The total dosage used was 40 pg of
Gonyautoxin in 30cc, like the present study.

The difference is that this time the doses was a
single intraarticular administration after wound closure.
The aim was to develop a less complicated procedure.

The new intra-articular infiltration procedure
showed to be useful, since over 83% of the patients did
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not require a rescue femoral nerve block. Furthermore,
only two of these patients had a VAS score of 4 or
higher, and they received opioid analgesic
reinforcement. Nevertheless, 36 hours post-surgery,
these two patients did not require additional opiates for
pain management.

The most significant finding is that 25 patients
achieved full flexion at 60 hours after surgery, and that
total extension was achieved by 24 patients (96%).
Moreover, after 36 and 60 hours, the median VAS score
was 0, and all 25 patients achieved a VAS score equal or
less than 4. No tramadol was used with these 25
patients (Table 1 and Figure 2). The 2014 Cohort
showed a higher VAS Pain score at 12, 36 and 60 hours
and only 75 % of patients showed a VAS < 4 (Table 1),
showing that the Gonyautoxin treatment plays a better
role in pain control.

Also, our second outcome was also
accomplished, since the 25 patients who responded to
Gonyautoxins pain control (83.33%) had a median
hospital stay of 3 days (Figure 3), similar to the 30
points of peri-articular infiltration procedure reported

=)
(jpen O

[41]. Meanwhile, the five patients who required a
femoral nerve blockage had a median hospital stay of 4
days [4-4]. Alongside, the 2014 Cohort average of
hospital stay was five days (Table 1 and Figure 3).

It is well known that Gonyautoxins, as all PSP
toxins, exerts its effect by reversibly binding to a
receptor on voltage-gated sodium channel (Nay
channels) on excitable cells, thereby blocking neuronal
transmission [32, 33]. Nine types of Nay channels have
been described, three of which, Nay 1.7, Nay 1.8 and
Nay 1.9, are predominantly expressed in peripheral
damage-sensing neurons and play a crucial role in
inflammatory pain. These channels are highly expressed
in dorsal root ganglia of knee joint afferent nerves and
increase their expression in response to chronic
inflammatory stimulation in knee joints [42, 43], these
phycotoxins can also block them.

This new infiltration procedure had a low, but
observable failure rate, with 16.67% of patients
requiring femoral nerve blockage. In contrast, the
patients who received the peri-articular application of
the Gonyautoxin in our previous study did not require

Pain VAS score distribution

[ 12 hours post op
BN 50 hours post op

| 36 hours postop |
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4.5 1

3.5

Hospital lenght

2.5

Gonyautoxin (+)

Femoral nerve block

| Figure 3. Hospital stay length in Gonyautoxin responders and patients that required a:
.femoral nerve blockage. The dot in Gonyautoxin group represent the 3 patients that had -
-a hospital stay of 5 days, all of them for social reasons. '

this femoral block rescue.

As we proposed in our first manuscript [32-38],
the Gonyautoxins infiltrations in several locations would
ensure the overall presence of the drug and the
significant better anaesthetic effect of the toxin in all
points that could cause pain. Maybe, the pain control
may depend on the uniformity of the intra-articular drug
distribution; the Gonyautoxin should be evenly
distributed to reach and block every peri-articular
structure. Therefore, blocking all the local transmission
points of axonal pain associated conduction.

Nonetheless, the single intra-articular application
performed in this study also showed to be safe and
effective, but simpler and less invasive than the 30
points peri-articular application. Proposing, that one
intra-articular infiltration should be used as pain rescue
instead of femoral block.

On the other hand, once more is demonstrated
that Gonyautoxins are an excellent option for control
pain, blocking the local transmission and axonal

CC-license DOI :

conduction when is administrated as one intra-articular
dose in the post-surgery period of TKA. The data
showed here, using the Gonyautoxin infiltration,
highlights the patient welfares of this new protocol of
pain control. The one dose of intra-articular infiltration
with Gonyautoxin permit early rehabilitation, faster and
more significant pain relief, and outstanding ROM.

Conclusions

Gonyautoxins are safe and effective in pain
management after TKA when administrated via
intra-articular infiltration. For the first time, the effect of
blocking pain neuronal transmission by a single
intra-articular dose is shown. Results showed that 83.3
% of patients experienced pain relief. This innovative
uncomplicated procedure also increased patient’s ROM,
reduced VAS pain and the duration of hospital stay.
Finally, the pain control is total, and the associated
beneficial effects are maintained at least 60 hours in
responder patients.
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