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INTRODUCTION

ABSTRACT

Background: Interscalene block (ISB) is the standard technique for
postoperative analgesia after arthroscopic shoulder surgery, and ketamine, an
N-methyl-D-aspartate receptor antagonist, has been used as an opioid-sparing
analgesic adjunct. Objectives: To evaluate the effect of low-dose intravenous
ketamine, added to ultrasound-guided continuous interscalene block (CISB)
with patient-controlled regional analgesia (PCRA), on the duration and quality
of postoperative analgesia after arthroscopic shoulder surgery.

Material and Methods: In this prospective, randomized, double-blind,
controlled trial, sixteen adults undergoing arthroscopic shoulder surgery under
general anaesthesia combined with ultrasound-guided CISB were randomized
to intravenous ketamine (bolus 0.35 mg/kg, infusion 0.5 mg/kg/hour; Group I,
n=8) or an equivalent volume of normal saline (Group II, n=8). Time to first
PCRA bolus (primary outcome) was analysed by the Kaplan-Meier method
and log-rank test; secondary outcomes were compared using Student's t-test,
the Mann-Whitney U test, or two-way repeated-measures ANOVA, as
appropriate.

Results: Time to first PCRA bolus was longer with ketamine (963.75 + 41.46
minutes) than with saline (809.37 + 48.80 minutes; p<0.001). Group I required
fewer analgesic boluses (23.25 £ 2.25 vs 28.50 £+ 1.19; p<0.001), consumed
less total analgesic solution (116.25 + 11.25 vs 142.50 £ 5.97 mL; p<0.001),
and reported higher satisfaction scores (87.50 £ 1.85 vs 83.50 £ 2.61; p=0.003)
than Group II. No adverse effects occurred in either group.

Conclusion: Low-dose intravenous ketamine, combined with ultrasound-
guided continuous interscalene block and PCRA, prolongs postoperative
analgesia, reduces analgesic consumption, and improves satisfaction after
arthroscopic shoulder surgery, without adverse effects.
Keywords: Ketamine; Nerve Block; Analgesia,
Arthroscopy; Shoulder.

Patient-Controlled;

Peripheral nerve blocks (PNBs) also reduce
postoperative nausea and vomiting and may shorten

Effective regional anaesthesia techniques reduce
side effects and analgesic requirements, reduce pain
intensity, and improve patient comfort by blunting
the neuroendocrine response to surgery, thereby
reducing  postoperative  opioid  requirements.

the time to functional recovery.!!]

Interscalene block (ISB) is considered the gold-
standard block for postoperative analgesia after
shoulder surgery. Pain after arthroscopic shoulder
surgery can be disproportionately severe relative to
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the size of the surgical incision, reflecting the
extensive intra-articular and capsular soft-tissue
manipulation involved, and inadequately controlled
early pain may delay mobilization and
rehabilitation; combining general anaesthesia with
regional analgesia reduces intraoperative anaesthetic
requirements and improves postoperative pain
control.””) ISB provides excellent intraoperative
anaesthesia and muscle relaxation for outpatient
shoulder arthroscopy without the need for high-dose
intravenous opioids or paralytics,®) and can be
administered as either a continuous or single-
injection technique.[?!

Ultrasound guidance (USG) improves visualization
of brachial plexus anatomy and block localization.™
USG-guided ISB improves block onset, quality, and
success while reducing the mean effective
anaesthetic concentration and volume required,”
and is associated with a higher success rate, shorter
procedure time, fewer needle passes, and faster
onset compared with nerve-stimulator-guided
techniques.[! USG-guided ISB also has a lower rate
of conversion to general anaesthesia, reduces the
local anaesthetic volume and intraoperative
analgesic or sedative requirements compared with
non-ultrasound techniques, and has been associated
with fewer complications such as vessel puncture or
nerve injury.”? Ultrasound guidance also improves
safety by reducing the risk of local anaesthetic
systemic toxicity (LAST).P!

Patient-controlled analgesia (PCA) allows patients
autonomy in timing small doses of analgesic or local
anaesthetic as required, and is used in both
parenteral and regional analgesic techniques.[®
Continuous PNB confers greater patient satisfaction,
fewer systemic opioid side effects, faster recovery,
and earlier ambulation.[*!?)

Many local anaesthetics, alone or combined with
adjuncts, have been used to prolong postoperative
analgesia with limited success.[''? Ketamine, an
old phencyclidine-analogue dissociative anaesthetic
used clinically since 1970, acts by blocking the N-
methyl-D-aspartate (NMDA) receptor and has more
recently been studied as an opioid-sparing adjunct to
reduce opioid-related side effects such as
constipation, confusion, pruritus, nausea, vomiting,
and urinary retention. Subanaesthetic doses have
been used in severe depression and chronic pain,
and, as an adjunct, in acute pain; recent guidelines
underscore the perioperative opioid-sparing efficacy
of low-dose intravenous ketamine.[!’!

Few studies have examined the role of perioperative
intravenous ketamine combined with continuous
interscalene block for postoperative analgesia after
arthroscopic shoulder surgery.l'%!31 The present
study aimed to evaluate the postoperative analgesic-
sparing effect of low-dose intravenous ketamine
combined with continuous interscalene block using
patient-controlled regional analgesia (PCRA).

MATERIALS AND METHODS

This  prospective, randomized, double-blind,

controlled trial was conducted in the Department of

Anaesthesia and Intensive Care, Government

Medical College and Hospital, Chandigarh, in

collaboration with the Department of Orthopaedics.

After approval from the Institutional Ethics

Committee (GMC/IEC/2018/217) and registration

with the Clinical Trials Registry of India

(CTRI/2019/05/018898), and after obtaining written

informed consent, patients undergoing shoulder

surgery were screened against the following
eligibility criteria.

Inclusion Criteria

e American Society of Anesthesiologists (ASA)
physical status I-1I

o Age 18-65 years

e Body mass index (BMI) 18-30 kg/m? of either
sex

e Arthroscopic shoulder surgery, specifically
rotator-cuff repair or surgery for recurrent
shoulder dislocation

Exclusion Criteria
e Refusal of informed consent
History of relevant drug allergy
History of psychiatric illness or substance abuse
Severe cardiovascular, respiratory, metabolic,
or neurological disease
Pregnancy or lactation
Coagulopathy
Contralateral phrenic nerve dysfunction
Infection at the planned injection site
Use of a2-agonists for hypertensive disorders
Current steroid therapy
Sample size
Sample size was estimated from a published study
that used ketamine as an adjunct to lidocaine in
supraclavicular block, in which time to first request
for supplementary analgesia was 8.93 hours (SD
1.0) with ketamine-lidocaine versus 7.3 hours (SD
1.93) with lidocaine alone (p<0.001).'® Using these
data with an alpha of 0.05 and power of 90%, the
estimated sample size was 19 per group; a sample of
20 per group was therefore planned to be adequately
powered.
Randomization and study groups
Forty patients were originally planned for random
allocation; however, because of disruption to
elective surgical services during the COVID-19
pandemic, only sixteen patients could be enrolled
and were randomized, using a computer-generated
random-number table with sequentially numbered,
sealed, opaque envelopes, to one of two groups:

e Group I (n=8): intravenous ketamine, pre-
incisional bolus 0.35 mg/kg, and intraoperative
infusion 0.5 mg/kg/hour.'?

e Group II (n=8): normal saline in a volume
equivalent to the ketamine bolus and infusion.

Both the patient and the assessing investigator were

blinded to group allocation. The study drug was
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prepared by a person not otherwise involved in the
study, in unlabelled, identical-looking syringes, and
handed to the anaesthesiologist performing the
block by a person not involved in the study or its
assessments. Patient flow through screening,
randomization, allocation, follow-up, and analysis is
summarized in the CONSORT diagram (Figure 1),
in accordance with the CONSORT 2010 Statement
for reporting randomized trials.[!”!

Anaesthetic and block technique

Before surgery, all patients underwent a complete
work-up and pre-anaesthetic evaluation, and were
counselled, in their own language, on the use of
PCRA, the categorical nausea scale (0, none; 1,
mild; 2, moderate; 3, severe), the linear visual
analogue scale (VAS) for pain (0, no pain; 10, worst
imaginable pain), and the manual muscle test
(MMT: 0, no palpable or observable contraction; 1,
palpable or observable contraction without motion;
2, moves without gravity through full range of
motion; 3, moves against gravity through full range
of motion; 4, moves against gravity and moderate
resistance through full range of motion; 5, moves
against gravity and maximal resistance through full
range of motion with flexion and extension of the
fingers and wrist).['®! Patients fasted for a minimum
of six hours and received tablet alprazolam 0.25 mg
and tablet ranitidine 150 mg orally on the night
before and on the morning of surgery.

The block was performed in the operating room
with the patient's head elevated and rotated away
from the operative side, after skin preparation with
10% povidone-iodine and local infiltration with 2%
lidocaine. Standard monitoring (electrocardiogram,
pulse oximetry, and non-invasive blood pressure)
was established, and an intravenous infusion of
normal saline (2 mL/kg/hour) was commenced
through an 18G cannula.

The brachial plexus is formed by the ventral rami of
C5-C8 and T1, which unite into superior, middle,
and inferior trunks; divide into anterior and posterior
divisions; and reorganize into lateral, posterior, and
medial cords that give rise to the terminal nerves
supplying the upper limb. [Image 1]
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Image 1: Line diagram of the brachial plexus,
illustrating its roots, trunks, divisions, cords, and
terminal branches.

A high-frequency (5-10 MHz) ultrasound probe was
placed transversely at the level of the cricoid
cartilage and moved laterally to identify the carotid
artery, internal jugular vein, and, more laterally, the
anterior and middle scalene muscles. The roots of
the brachial plexus were identified between these
muscles as three hypoechoic vesicles lying in close
proximity — the so-called “traffic-light sign”
(Image 2).

USG Showing Traffic light

C5.06.C7: Roots of Brachial Plexas (B397): ASM: Amerlor Scalene
Muscde: MSM: Middle Scaluoe Musclke

Image 2: Ultrasound image at the level of the cricoid
cartilage showing the roots of the brachial plexus (C5-
C7) as three hypoechoic vesicles lying between the
anterior scalene muscle (ASM) and middle scalene
muscle (MSM) — the “traffic-light sign”.

Under continuous in-plane ultrasound guidance, a
19G needle was advanced anteriorly toward the
brachial plexus, passing between the anterior and
middle scalene muscles, and generalized shoulder
contractions were sought at a stimulating current
below 0.5 mA (Image 3).

Showing USG guided ISH

Image 3: Ultrasound-guided in-plane needle placement
for continuous interscalene block, showing the needle
tip advancing toward the C6—C7 roots of the brachial
plexus between the scalene muscles.

A bolus of 20 mL of 0.5% ropivacaine with 4 mg
perineural dexamethasone was then given under
ultrasound guidance in both groups to establish the
block (time zero). A 20G catheter was threaded
through the needle 5 cm beyond the needle tip; the
needle was withdrawn over the catheter, and the
catheter was secured on the contralateral shoulder
with a transparent dressing.
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Sensory block was assessed every two minutes for
ten minutes by loss of sensation to pinprick over the
deltoid using a three-point scale (0, normal
sensation; 1, sharp to pinprick; 2, pinprick felt but
not sharp; 3, no sensation), and motor block by
failure to abduct the shoulder — the “deltoid sign”
(0, normal abduction; 1, decreased but present
abduction; 2, unable to abduct). General anaesthesia
was then induced with intravenous glycopyrrolate
0.2 mg, fentanyl 2 pg/kg, propofol 2 mg/kg, and
vecuronium 0.1 mg/kg, and maintained with
isoflurane  (0.5-2%) in nitrous oxide/oxygen
(60:40)." Supplemental fentanyl (1 pg/kg) was
permitted for a 20% rise above baseline
haemodynamic parameters.

Group I received the intravenous ketamine bolus
after induction and before incision, followed by the
intraoperative infusion, stopped 15 minutes before
the anticipated end of surgery; Group II received an
equivalent-volume saline bolus and infusion on the
same schedule. Ondansetron 0.1 mg/kg was given to
all patients 15 minutes before completion of
surgery, and residual neuromuscular block was
reversed with neostigmine 50 pg/kg and
glycopyrrolate 10 pg/kg before extubation.

In the post-anaesthesia care unit, the perineural
catheter was connected to a PCRA pump (0.2%
ropivacaine with fentanyl 2 ug/mL) delivering 5 mL
patient-controlled boluses with a 30-minute lockout
interval. The number of boluses and any adverse
effects were recorded, and a satisfaction score was
obtained at the end of the 48-hour study period.
Data collection and outcome measures:

Patients were monitored for 48 hours after the block.
Morphometric and demographic characteristics were
recorded at enrolment, and heart rate,
electrocardiogram, oxygen saturation, end-tidal
carbon dioxide, and respiratory rate were monitored
continuously. Postoperatively, pain (VAS, at rest
and on movement), nausea (categorical scale), and
MMT score were assessed; nausea or vomiting was
treated with intravenous metoclopramide 10 mg.
The primary outcome was time to first PCRA bolus
(a marker of duration of analgesia). Secondary
outcomes were VAS pain scores over 48 hours (at 4,
6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 30, 36, 42, and
48 hours), total analgesic consumption, patient-
satisfaction score (0—100 VAS at 48 hours), and
adverse effects.

Statistical analysis:

Data were analysed using SPSS version 17.0 (SPSS
Inc., Chicago, IL). The primary outcome — time
from adequate sensory block to first PCRA bolus —
was analysed by Cox regression and the Kaplan-
Meier method, with groups compared by the log-
rank test. Continuous variables were tested for
normality with the Kolmogorov-Smirnov test.
Single time-point, between-group comparisons used
Student's t-test (normally distributed continuous
variables), the Mann-Whitney U test (non-normally

distributed continuous variables), the chi-square test
(binary variables), or the Wilcoxon test (ordered
categorical variables). Repeated-measures data (pain
scores, sensory/motor scores, heart rate, and blood
pressure over time) were analysed by two-way
repeated-measures ANOVA with post-hoc Scheffé's
test. Significance was set at p<0.05.

RESULTS

Sixteen patients (eight per group) completed the 48-
hour study protocol; enrolment was terminated
before the planned sample of forty patients was
reached because elective shoulder arthroscopy was
suspended for part of the study period during the
COVID-19 pandemic. There were no losses to
follow-up, protocol discontinuations, or exclusions
after randomization. [Figure 1]

CONSORT DIAGRAM SIIOWING FATIIENT SELICTION AND
MANDOMIZATION

Figure 1: CONSORT flow diagram showing patient
screening, randomization, allocation, follow-up, and
analysis. All sixteen randomized patients (eight per
group) completed follow-up and were included in the
analysis, with no losses to follow-up, protocol
discontinuation, or exclusions

Baseline characteristics

The two groups were comparable at baseline. There
were no significant differences in age, weight,
height, or BMI (Table 1). Group I comprised seven
males and one female, and Group II six males and
two females; five patients in Group I and six in
Group II were ASA physical status I, and the
remainder were ASA physical status II. Preoperative
haemoglobin, total leucocyte count, fasting blood
glucose, blood urea nitrogen, and serum creatinine,
as well as baseline heart rate, respiratory rate, and
systolic and diastolic blood pressure, were also
similar between groups (all p>0.05; Table 1).
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Table 1: Baseline Demographic, Clinical, and Haemodynamic Characteristics of the Two Groups

Parameter Group I (n=8) Group II (n=8) P Value
Age (years) 35.12+13.94 32.25+£9.19 0.634
Weight (kg) 66.00 £ 6.82 68.37+5.15 0.445
Height (cm) 166.37 £4.27 166.00 +4.75 0.871
BMI (kg/m?) 23.79 £ 1.81 24.84+1.51 0.229
Sex, male/female 7/1 6/2 —
ASA status, /11 5/3 6/2 —
Haemoglobin (g/dL) 13.78 £ 1.37 12.95+1.42 0.265
Total leucocyte count (cells/mm?) 7750.0 £977.0 7350.0 £ 1318.0 0.502
Fasting blood sugar (mg/dL) 98.50 £2.97 96.62 + 5.68 0.422
Blood urea nitrogen (mg/dL) 26.37+£1.40 25.87£2.99 0.676
Serum creatinine (mg/dL) 0.73+0.14 0.82+0.11 0.197
Baseline heart rate (bpm) 81.37+7.30 81.25+6.22 0.971
Baseline respiratory rate (/min) 16.37+0.74 16.62 +£0.51 0.448
Baseline systolic BP (mmHg) 122.75 £ 10.41 126.25 + 7.88 0.461
Baseline diastolic BP (mmHg) 71.50 +2.77 72.00 + 3.85 0.770

Data are mean + SD unless otherwise stated. ASA = American Society of Anesthesiologists physical status; BMI
= body mass index; BP = blood pressure.

Block and intraoperative characteristics p=0.049); motor block onset, MMT recovery at 2, 5,
Sensory block onset was faster with ketamine than and 10 minutes, and duration of surgery did not
with saline (2.25 + 0.46 vs 2.75 + 0.46 minutes; differ significantly between groups. [Table 2]

Table 2: Interscalene Block and Intraoperative Characteristics

Parameter Group I (n=8) Group II (n=8) P Value
Sensory block onset (min) 2.25+0.46 2.75+0.46 0.049
Motor block onset (min) 4.75£0.46 4.88+£0.35 0.554
MMT score at 2 min 2.75+0.46 3.00+0.75 0.438
MMT score at 5 min 1.63 £0.51 1.88 +0.64 0.405
MMT score at 10 min 0.00 +0.00 0.00 +0.00 —
Duration of surgery (min) 70.00 + 28.28 75.00 £ 25.63 0.717

Data are mean = SD. MMT = manual muscle test.

Postoperative haemodynamics and oxygenation respiratory rate, and systolic and diastolic blood
Arterial oxygen saturation remained stable in both pressure likewise showed no significant between-
groups and did not differ significantly at any of the group differences at any time point, intraoperatively
fifteen postoperative time points assessed over 48 or postoperatively (all p>0.05; detailed values
hours (all p>0.05; Table 3). Postoperative heart rate, available from the corresponding author on request).

Table 3: Postoperative Arterial Oxygen Saturation (SpO:, %) Over 48 Hours

Time (h) Group I (n=8) Group II (n=8) P Value
4 100.00 £ 0.00 99.87 £ 0.35 0.334
6 99.75+0.46 99.75+0.70 1.000
8 98.62+0.91 99.12+£0.99 0.312
10 98.87 +£0.99 99.25+0.70 0.398
12 98.87 £ 0.83 99.12 £ 0.83 0.559
14 99.12 +£0.83 98.87 +£ 0.64 0.513
16 99.25 +0.88 99.00 + 0.75 0.554
18 99.37+0.51 99.50 £ 0.75 0.705
20 98.87 +£0.83 99.25+0.70 0.349
22 98.37+0.91 99.25 + 0.88 0.073
24 98.75+0.70 99.00 + 0.75 0.506
30 99.12 +£0.83 98.62 + 1.06 0.312
36 99.25+0.70 99.00 + 1.06 0.590
42 99.37+0.91 99.50+0.75 0.770
48 99.37+0.74 99.75 £ 0.46 0.246
Data are mean = SD.

Primary outcome — duration of analgesia (963.75 £ 41.46 vs 809.37 + 48.80 minutes; log-
Time to first PCRA bolus, the primary outcome, rank ¥2=16.72, p<0.001; Figure 2, Table 4).

was significantly longer in Group I than in Group II
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Figure 2: Kaplan-Meier curve showing the cumulative
proportion of patients without rescue analgesia after
ultrasound-guided continuous interscalene block.
Patients receiving intravenous ketamine (Group I)
required significantly longer time to first PCRA bolus
than those receiving normal saline (Group II) (log-
rank p<0.001).

Secondary outcomes

Group [ self-administered fewer analgesic boluses
over 48 hours than Group II (23.25 + 2.25 vs 28.50
+ 1.19; p<0.001) and consumed less total analgesic

solution (116.25 + 11.25 vs 142.50 = 5.97 mL;
p<0.001), and reported a higher satisfaction score at
48 hours (87.50 £ 1.85 vs 83.50 £ 2.61; p=0.003;
Figure 4, Table 4).
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Figure 4: (a) Total postoperative analgesic (0.2%
ropivacaine with fentanyl 2 pg/mL) consumption and
(b) VAS patient-satisfaction score at 48 hours in
Group I (ketamine) and Group II (normal saline).
Error bars represent standard deviation.

Table 4: Primary and Secondary Analgesic Outcomes

Parameter Group I (n=8) Group II (n=8) P Value
Time to first PCRA bolus (min) 963.75 +41.46 809.37 + 48.80 <0.001
Total analgesic boluses over 48 h 23.25+£2.25 28.50 £ 1.19 <0.001
Total analgesic consumption (mL)* 116.25£11.25 142.50 £5.97 <0.001
VAS satisfaction score (0-100) 87.50+1.85 83.50+£2.61 0.003

Data are mean = SD. PCRA = patient-controlled regional analgesia; VAS = visual analogue scale. *0.2%

ropivacaine with fentanyl 2 ug/mL.

VAS pain scores at rest (Figure 3a) differed
significantly between groups at 16 hours (lower in
Group I; 1.87 £ 1.64 vs 3.62 + 0.91; p=0.020), 20
hours (higher in Group [; 3.62 + 0.91 vs 2.62 + 0.51;
p=0.018), and 24 hours (lower in Group I; 2.37 +
0.74 vs 3.12 = 0.64; p=0.049), but not at the
remaining twelve time points. On two-way repeated-
measures ANOVA, the main effect of group was not
significant (F=2.89, p=0.091), the main effect of
time was significant (F=35.98, p<0.001), and the
groupxtime interaction was significant (F=2.52,
p=0.002), consistent with a differential, non-
monotonic pattern of pain relief between groups
over the observation period.

VAS pain scores on movement (Figure 3b) differed
significantly between groups only at 14 hours (lower
in Group I; 1.00 £ 0.92 vs 3.00 £ 2.07; p=0.026). On
two-way repeated-measures ANOVA, the main
effect of group was significant in favour of Group I
(F=4.86, p=0.029), the main effect of time was
significant (F=40.56, p<0.001), and the groupxtime
interaction was significant (F=2.01, p=0.018).

VAR vt i1} s s e

Figure 3: Mean (+SD) visual analogue scale (VAS)
pain scores (a) at rest and (b) on movement over the
48-hour postoperative period in Group I (ketamine)
and Group II (normal saline). Asterisks denote time
points with statistically significant between-group
differences (p<0.05).

Adverse effects

No adverse effects, including nausea, vomiting,
sedation, bradycardia, Horner's syndrome, or
catheter-related complications, occurred in either

group.
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DISCUSSION

This randomized, double-blind trial found that low-
dose intravenous ketamine, added to ultrasound-
guided continuous interscalene block with PCRA,
significantly prolonged the time to first rescue
analgesic  bolus, reduced 48-hour analgesic
consumption, and improved patient satisfaction after
arthroscopic shoulder surgery, without increasing
adverse effects.

The trial enrolled sixteen of the forty patients
originally planned, because recruitment of elective
arthroscopic  shoulder surgery patients was
interrupted during the COVID-19 pandemic. The
mean age was 35 years in Group I and 32 years in
Group II; eleven of the sixteen patients were ASA
physical status I and five were ASA physical status
1L

We are not aware of directly comparable trials using
an 1identical perineural-catheter technique with
ultrasound-guided ISB, although several studies
have examined ketamine as an analgesic adjunct in
regional anaesthesia more broadly. Our primary-
outcome finding is consistent with that of Brinck et
al,?% who reported that perioperative intravenous
ketamine prolongs the time to first postoperative
analgesic request. In the present study, the
difference in mean time to first bolus between
groups was 154.38 minutes, considerably longer
than the roughly 38-minute difference reported by
Brinck et al,”%! which may reflect the addition of 4
mg perineural dexamethasone to the block solution
used here in both groups.

In a recent systematic review and meta-analysis of
twenty studies of low-dose ketamine in orthopaedic
surgery, Riddell et al?'! found a significant
reduction in total opioid consumption and a longer
time to first postoperative opioid request with
ketamine, together with improved pain scores at 24
and 48 hours; however, in the arthroscopic-surgery
subgroup specifically, the effect on opioid use and
pain scores was equivocal. Our findings — a longer
time to first bolus and reduced analgesic
consumption with ketamine — are therefore more
favourable than the pooled arthroscopy-subgroup
estimate in that review, possibly reflecting
differences in ketamine dose, block technique, or the
concomitant use of perineural dexamethasone.

Woo et all'¥ used a similar bolus-and-infusion
ketamine regimen (0.3 mg/kg and 0.15 mg/kg/hour)
added to single-shot ISB after arthroscopic shoulder
surgery and found no reduction in early pain scores
or prolongation of time to first analgesic request;
they attributed this null result to the use of 5 mg
dexamethasone as an adjuvant in both study groups,
which may have equally prolonged analgesia in both
arms and obscured any effect of ketamine. In the
present study, both the ketamine bolus (0.35 mg/kg)
and infusion (0.5 mg/kg/hour) doses were higher,
which may have contributed to the more clearly
demonstrable benefit observed here despite

dexamethasone being included in the block solution
for both groups.

The pattern of VAS pain scores at rest showed a
significant groupxtime interaction without a
significant overall main effect of group, with the
ketamine group scoring lower at 16 and 24 hours but
higher at 20 hours; this oscillating pattern is
compatible with a delayed peak in breakthrough
pain in the ketamine group around the time its
longer block was finally wearing off, while the
saline group — whose block wore off earlier — had
already been receiving regular PCRA top-ups by
this point. On movement, by contrast, the main
effect of group favoured ketamine, suggesting a
more consistent benefit for pain provoked by
activity than for pain at rest.

The opioid- and local-anaesthetic-sparing effect of
ketamine observed in this trial is consistent with its
pharmacological profile as a non-competitive
NMDA-receptor  antagonist. NMDA -receptor
activation at the spinal dorsal horn contributes to
“wind-up” and central sensitization following
surgical tissue injury, and subanaesthetic ketamine
is thought to attenuate this process, thereby reducing
the perceived intensity of postoperative pain and
delaying the need for rescue analgesia independent
of any direct action on the peripheral nerve block
itself,"¥ This mechanistic distinction may help
explain why a benefit of ketamine was still apparent
well after the local anaesthetic component of the
block — identical in both groups — would
ordinarily have worn off, and is in keeping with the
rationale for using ketamine as a systemic adjunct
rather than as a substitute for regional blockade.

No adverse effects or catheter-related complications
were observed in either group, consistent with the
generally favourable safety profile of low-dose
ketamine reported in previous reviews.[?!]

Strengths

This trial has several methodological strengths.
Treatment allocation was concealed using
sequentially numbered, sealed, opaque envelopes,
and both the patient and the assessing investigator
were blinded to group allocation, with the study
drug prepared and dispensed by personnel not
otherwise involved in the study or its assessments.
The primary outcome was analysed using a survival-
analysis framework (Kaplan-Meier method with
log-rank comparison) appropriate to a time-to-event
endpoint, rather than a simple between-group mean
comparison. As documented in the CONSORT flow
diagram (Figure 1), all sixteen randomized patients
completed the 48-hour protocol with no losses to
follow-up, protocol discontinuations, or post-
randomization exclusions, so the analysis is free of
attrition or exclusion bias. The trial was also
prospectively registered (CTRI/2019/05/018898)
and approved by an institutional ethics committee
before enrolment began.

Limitations

This trial has several limitations. The sample size
was markedly smaller than originally planned
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because of pandemic-related disruption to elective
surgery, which limits statistical power, particularly
for secondary and time-point-specific comparisons,
and increases the chance of both false-negative and
false-positive findings. The trial was conducted at a
single centre, used a fixed ketamine dose without
dose-ranging, and followed patients for only 48
hours, so longer-term outcomes and dose-response
relationships could not be assessed. Both groups
received perineural dexamethasone, which may
have narrowed the observable difference between
groups and limits generalisability to protocols that
do not use a steroid adjuvant.

CONCLUSION

Low-dose intravenous ketamine, given as a pre-
incisional bolus and intraoperative infusion
alongside ultrasound-guided continuous interscalene
block and PCRA, significantly prolonged the
duration of postoperative analgesia and reduced
analgesic consumption after arthroscopic shoulder
surgery, with improved patient satisfaction and no
observed adverse effects. These findings support
intravenous ketamine as a useful analgesic adjunct
in this setting, although confirmation in an
adequately powered trial is warranted.
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