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Abstract

Objective: Apneic oxygenation increases safe apnea time and helps to secure the airway seamlessly, en-
hancing patient safety. Aim of this study was to determine safe apnea time achieved by perioxygenation
including supplemental oxygen flow of five I/min through a nasal cannula compared to standard preo-
xygenation alone. Methods: This prospective double-blind randomized controlled trial included patients
undergoing elective surgery under general anaesthesia with tracheal intubation. The sample size was 28
per group. Participants were randomly assigned to Groups 0 and 1. After induction of neuromuscular
blockade, Group 1 received oxygen insufflation at five I/min through nasal cannula while Group 0 did
not. Time to desaturate from 100 to 99% (1), 99 to 95% (T;) and from 100 to 95% (T,) was noted. At
SpO, of 95%, ventilation was recommenced with 100% oxygen until SpO, was restored to 100% and
time to resaturation to 100% (T3) noted. Primary outcome was to determine whether perioxygenati-
on including apneic oxygenation through nasal cannula prolongs safe apnea time. Secondary outco-
mes measured included resaturation time, lowest oxygen saturation levels during actual laryngoscopy
and EtCO, value immediately post intubation. Results: Demographics were similar in both the groups.
Mean safe apnea time (T,) was 738 seconds in Group 1 and 325 seconds in Group 0 (p<0.001). T, was
longer in Group 1 (p<0.001). T3 was similar in both groups. Immediate EtCO, values after intubation
were higher in Group 1 (p<0.001). Conclusion: Perioxygenation including apneic nasal oxygen supple-
mentation significantly prolongs safe apnea time.

Key words: airway management; general anaesthesia; oxygenation; nasal cannula; insufflation; safe
apnea time

Introduction

ypoxemic events can lead to significant mor-
bidity and mortality. Pre oxygenation prior to
induction delays desaturation by increasing oxygen
reserves and minimizing respiratory and cardiac
complications.! Perioxygenation include adequate
preoxygenation, apneic oxygenation and early reoxy-
genation by mask ventilation in case of desaturation.
Safe apnea time is the period from the cessation

of ventilation until critical desaturation occurs.

Prolonging the safe apnea time enhances the safety
margin. Apneic oxygenation provides supplemen-
tary oxygen, by principle of aventilatory mass flow,
facilitating oxygen diffusion down the trachea,
reaching the alveoli through a pressure gradient.
This allows safer and seamless airway manage-
ment without haste, indirectly reducing number
of laryngoscopic attempts causing less trauma.>>
Oxygen gets absorbed across alveolar capillary
membrane, despite absence of respiration, even
while laryngoscopy is performed. This results from

Corresponding author: Girijanandan D Menon, E mail: drdgmenon@gmail.com, Department of Anaesthesiology, MOSC Medical College, Kolenchery,

Ernakulam District, Kerala, India, Phone no: 00-91-9447610900
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differences in CO, release and oxygen uptake in the
alveolus, and differences in their solubilities in the
blood. During apnea, for every 250 ml/min oxygen
uptake from alveoli into capillaries, 20 ml/min of
CO, diffuses back into the alveoli.* This results in
a substantial negative pressure at the alveolar level,
favoring an influx of oxygen. Various methods of
apneic oxygenation include nasal oxygen supple-
mentation through nasal prongs, nasopharyngeal
catheter insufflation, Transnasal Humidified Rapid
Insuftlation and Ventilatory Exchange (THRIVE)
or High Flow Nasal Oxygen (HFNO) and oxygen
via dedicated channels in direct and video laryn-
goscopes.” Reoxygenation and interventions to
reduce muscle fasciculations or stress response to
laryngoscopy and tracheal intubation also prolong
safe apnea time.®

If the apneic time during attempted direct la-
ryngoscopy is prolonged, oxygen saturation drops.
The standard technique mandates bag mask venti-
lation or reoxygenation to restore the safe oxygen
levels. Prolongation of safe apneic time by nasal
oxygen supplementation during direct laryngos-
copy would enhance patient safety.

We have defined safe apnea time, as “the inter-
val between onset of apnea and peripheral capil-
lary oxygen saturation reaching a value of 95%
measured by pulse oximeter” or “duration of time
for SpO, to drop to 95% after onset of apnea” We
hypothesized that perioxygenation, including ap-
neic oxygenation, through a nasal cannula at five 1/
min during attempts at laryngoscopy and intuba-
tion significantly prolongs safe apnea time.

Methods

This randomized double blind controlled tri-
al was performed according to the SPIRIT 2013
guidelines and conducted according to the lat-
est Helsinki declarations after obtaining approval
from the institutional ethics committee and in-
stitutional review board with the order number
399/2019 dated 29/11/2019 and registration under
national clinical trials registry. This comparative
study was conducted for a period of six months
from August 2020 in patients posted for surgical
procedures lasting more than 30 minutes under
general anaesthesia with tracheal intubation and
controlled ventilation.

Objective of the study

Primary outcome was to determine whether
perioxygenation including apneic oxygenation via
nasal oxygen supplementation at five [/min through
a nasal cannula prolongs the safe apneic time dur-
ing simulated prolonged laryngoscopy. The inde-
pendent variable in our study was nasal oxygen sup-
plementation, and the dependent variable was safe
apneic time. Secondary outcomes measured includ-
ed resaturation time (time for SpO, to be restored
from 95% to 100%), the lowest oxygen saturation
levels reached during actual laryngoscopy and the
immediate EtCO, value post tracheal intubation.

Study was done on 76 patients of American Socie-
ty of Anesthesiologists (ASA) physical status I and II.
Study setting was operating room where multiparam-
eter monitors including transmittance pulse oxime-
try were connected and baseline measurements done.
Based on computer generated random numbers, par-
ticipants were randomly allocated by sealed envelope
method to interventional nasal oxygen group (Group
1) and no nasal oxygen group (Group 0).

Participants with Body Mass Index (BMI) >
30, ASA status III and IV, anticipated difficult air-
way, chronic cardiorespiratory disease, pulmonary
artery hypertension, pre-existing arrhythmias,
nasal obstruction, elevated intracranial pressure,
gastro esophageal reflux disease and SpO, < 97 %
after preoxygenation with 100% O, were exclud-
ed. The application of selection criteria, informed
consent and randomization were conducted in the
preoperative holding area by a colleague not in-
volved in the study. We conducted a pilot study in
ten patients, to estimate the safe apnea time after
standard preoxygenation in our study population
without any supplemental oxygenation. In these
patients, average safe apnea time was six minutes
(359 seconds). These patients were not included in
the original study. The sample size (n) was calcu-
lated based on a previous study using the formula
given below, with a clinically significant difference
(ud) of one minute and standard deviation of 1.2.”

263(2(1_2} + Z':J.—,E’})
pd?
where, 0 = pooled SD = [0,+0,] /2
Z(1-a2) = 0.84 (at 20 % B)
Z(1.p)=1.96 (at 5% a) pd= clinical significant
difference

2




EFFECT OF NASAL OXYGEN SUPPLEMENTATION ON SAFE APNEA TIME DURING INDUCTION OF GENERAL ANAESTHESIA - A RANDOMISED

127

If ud = 1 and pooled SD = 1.2, n = 28 in each
group. To compensate for any attrition, we used a
larger sample size of 76 (38 in each group). Of the
76 eligible patients enrolled in the trial, three pa-
tients opted out of the study. A total of 73 patients
were allocated into either the intervention group
(Group 1, n = 37) or control group (Group 0, n =
36). Two patients were excluded from the study af-
ter allocation as one patient had bradycardia and
hypotension while the second patient had multiple
ventricular ectopics. Baseline vitals were monitored
and documented. Patients were preoxygenated in
a twenty degrees head up position by tidal volume
method using 100% oxygen at ten [/min flow via
anatomical face mask through circle system with
adjustable pressure limiting (APL) valve fully open,
for three minutes to achieve an end tidal oxygen
concentration of at least 90%. General anaesthesia
was induced using intravenous propofol 1.5-2 mg/
kg, fentanyl citrate 1-2 pg/kg followed by 100 ug/
kg/min of propofol infusion. Well lubricated naso-
pharyngeal airway was inserted in patients of both
groups to ensure airway patency. After confirming
the adequacy of ventilation, non-depolarizing neu-
romuscular blocking agent, rocuronium 1.2 mg/
kg was administered and ventilated with 100 %
oxygen for one minute. Study investigators were
blinded by placing nasal cannula along with the

Figure 2: CONSORT DIAGRAM

nasopharyngeal airway in situ in both the groups
as depicted in a manikin model (Figure 1) and
further, by using an opaque screen in front of the
oxygen flow meter. The person opening the sealed
envelope, who was a non-participant in the study,
set the oxygen flow according to randomization.
Thus, participants in intervention group (Group 1)
received five I/min O, through nasal cannula and
those in non-intervention (Group 0) standard care
group did not get supplemental O, (Figure 2).

Figure 1: Manikin model with nasopharyngeal
airway and nasal cannula in situ
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Not meeting inclusion criteria (n=0)
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Lost to follow-up (n=0)
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(haemodynamic instability (n=2)
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8 J

Lost to follow-up (n=0)
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Analysis ]

Analysed (n=34)
Excluded from analysis (n=0)
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Anzlysed (n=37)
Excluded from analysis (n=0)
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During the apneic time, the time to desatura-
tion from 100 to 99% (T() and then from 99% to
95% (T) were noted. The time for desaturation
from 100 to 95% (T,) after halting ventilation or
start of apnea was defined as the safe apnea time.
For study purposes, we defined safe apnea time as
the interval between onset of apnea and peripher-
al capillary oxygen saturation reaching a value of
95% on pulse oximetry. This time was considered
as the simulated prolonged attempt at intubation
and laryngoscopy. At 95% SpO, they were venti-
lated with 100% oxygen for another one minute
or until saturation reaches 100%. Time to resat-
uration (T3) to 100 % was noted. This was fol-
lowed by tracheal intubation. All intubations were
carried out by anaesthesiologists with more than
five years of experience. Following tracheal intu-
bation, intermittent positive pressure ventilation
commenced. Propofol infusion was discontinued
and anaesthesia maintained using air oxygen and
sevoflurane. The lowest saturation reached during
actual laryngoscopy and EtCO, value immediately
after intubation were also noted.

Data were collated using Microsoft Excel and
analyzed with software (EZR version 1.35). Inde-
pendent t-test was performed to check any signif-
icant difference in the average age and BMI be-
tween the two groups of study patients as the data
followed normal distribution. Chi-square test was
used for categorical variables gender and ASA.
Since T and T, (safe apnea time) followed normal
distribution, independent students t-test was used.
Since T; and T5 did not follow normal distribution,
Mann-Whitney U test was used. To compare any
difference between the lowest SpO, reached after
laryngoscopy and to compare the EtCO, between
the groups soon after intubation Mann-Whitney
U test was used as the data did not follow normal
distribution. (Figure 3)

Results

There was no significant difference in the age
between the two groups, BMI showed a statistically
significant difference (p = 0.026), though not clin-
ically significant. Between the groups, ASA status

Preoxygenation

10 Litres/minute oxygen by anatonuical face mask

- for 3 mimutes

confirmed and rocuromum admimistered

mwmmmwmwwmww.wywmﬁm

Mask ventilation

ventilated with 100% oxygen
propofol infusion continued

-for | mmute

[SMask taken off, nasal canmula placed in both groups along With nasopharyngeal amrway, propofol
mfusion continued

Apnoea (Simulated prolonged | Group 1- oxygen via nasal cannula at 5 htres/nunute
laryngoscopy) Group 0- No oxygen via nasal cansula
propofol mfusion continmed
- wontil SpO; reaches 95%
- ime to dezarureare from 100% to $9% and then from $9% 1o 93% nowd
_Rcoxygmﬁmbyml&vmﬁhhm

- Jor | mumuse or unel SpO; reachez | 00%

- fime fo recaturate to ] 00% noted

Dhrect laryngoscopy and tracheal intubation
Internuttent positive pressure ventilation commenced
propofol mfusion discontinned

Anaesthesia maintained using oxygen/ air/ sevoflurane

-lowest SpQ; reached during actual laryngaccopy roted
-ErCO; immediate )y posl miubation noled

Figure 3: Anaesthesia induction timeline
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showed statistically significant difference, but this
was not clinically significant.

(Table 1) Demographic data of participants
in the nasal oxygen group 1 and no nasal oxygen
group 0 subject to t test and Chi square test

(Table 2) Describing t test results showing dif-
ference in apnea times measured in the two study
groups. Group 0 with no nasal oxygen supply and
Group 1 with nasal oxygen through nasal cannula
at five l/min. Ty and T, were measured as per study
definitions

As evident from Table 2, T, (time from SpO,
100 to 99%) was significantly longer in Group
1 (694 seconds) compared to Group 0 (291 sec-
onds). As evident from Table 2 and Figure 4, mean
safe apnea time or the time for SpO, to decrease
from 100 to 95% (T,) was significantly longer (738
seconds) in Group 1 compared to Group 0 (326
seconds), which was 126% more than the control
group.-Median T (time from SpO2 99% to 95%)
value was longer in Group 1 (45 seconds) com-
pared to Group 0 (35 seconds) (Table. 3) and was

Table 1. Demographic data of participants in the nasal oxygen group 1 and no nasal oxygen group 0

subject to t test and Chi square test

Variable Group N
Age 0 34
(years)

1 37

BMI 0 34

1 37

Chi square test

Variable Group 0
(n=34)

Gender Male 15

Female 19

ASA PS I 13

Grade II 21

Mean (SD) tvalue  pvalue
45.62 (12.59 1.151 0.254
42.16 (12.68)

24.41 (2.53) 2.268 0.026
23.13 (2.53)

Group 1 x> test  p- value
(n=37)
14 0.289 0.591
23
26 7.345 0.007
11

Table 2. Describing t test results showing difference in apnea times measured in the two study groups.
Group 0 with no nasal oxygen supply and Group 1 with nasal oxygen through nasal cannula at
five I/min. T\, and T, were measured as per study definitions.

Variable Groups n
T, (100-99%) 0 34
seconds 1 37
T, (100-95%) 0 34
seconds ] 37

Mean (SD) P value t value
291 (55) <0.001 29.42
695 (60)

326 (59) <0.001 28.19
738 (64)

statistically significant. Considering T, (safe apnea
time or the time from SpO, 100% to 95%), as a sum
of Ty and T}, the larger contribution was from T
in both the groups. On analyzing the desaturation
time from 100% to 95% it was clearly observed that
it took a long time for SpO, to fall from 100% to 99
% for patients who were adequately perioxygenated

compared to control group, but there was a steep
fall in SpO, values from 99% to 95% over a shorter
time period in both groups. Both groups had sim-
ilar mean resaturation time of about 40 seconds
(T3). The lowest SpO, during actual laryngoscopy
was comparable between the groups. The imme-
diate EtCO, value post intubation was prolonged
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Figure 4: Bar graph showing safe apnea time (T,) between the two grodps

in Group 1 as they allowed longer safe apnea time.
This difference was statistically significant (p <
0.001) as given in Table 3.

(Table 3) showing median values with inter-
quartile ranges Q; and Qs of T; and T3, the lowest
recorded SpO, during actual laryngoscopy and the
EtCO, measured immediately after intubation

Table 3. Showing median values with interquartile ranges Q; and Q3 of T & T, the lowest recorded
SpO, during actual laryngoscopy & the EtCO, measured immediately after intubation.

Variable Median (Q1, Q3) Mann- Whitney U
Group 0 Group 1
T, (99-95%) 35 (31.5,39) 45 (39.5,46) U = 218.500
(seconds) p <0.001
T3 (95-100%) 40 (30,45.5) 39 (35,43.5) U =617.500
(seconds) p =0.894
Lowest SpO, during 100 (100,100) 100 (100,100) U =571
actual laryngoscopy p=0.132
EtCO, immediately 42.5 (40,45) 57 (54,59) U=16.5
after intubation p =<0.001

Discussion

Prolongation of safe apnea time using the sci-
ence of peri-oxygenation is the crux of this study.
This is the first randomized controlled trial where
prolongation of safe apnea time to 12 minutes was
successfully demonstrated in ASA physical status
grade I & II patients for elective surgery using peri-
oxygenation technique. The technique comprised
of preoxygenation with 100% oxygen for three min-
utes using circle system at ten I/min flow with APL
valve fully open, mask ventilation after general an-
aesthesia and muscle paralysis followed by apneic
oxygenation using nasal cannula with five L/min

oxygen flow in the 20 degree head elevated laryn-
goscopy position with nasopharyngeal airway in
situ and reoxygenation at peripheral capillary SpO,
of 95%. Based on the results of the study we also
suggest a new concept for the safest apnea time.
Even in the most resource limited healthcare
setting, nasal cannula would be readily available.
For apneic oxygenation by nasal cannula to be ef-
fective, airway patency must be ensured by use of
jaw thrust maneuver or nasopharyngeal airway in
place during attempts at laryngoscopy and intuba-
tion. The safe apnea time in the study by Tanoubi et
al is defined as the interval between onset of apnea
and SpO, < 90%.8 Considering the latency of pulse
oximetry and the beginning of the sharp fall of the
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oxygen dissociation curve at 90%, we chose the safe
apnea time limit of 95%. Twenty degrees head up
position and ramped up position has been advocat-
ed in airway management of obese patients, as it im-
proves oxygenation and laryngoscopic view.? Drugs
like fentanyl and rocuronium which attenuate stress
response to laryngoscopy and tracheal intubation
or reduce muscle fasciculation helped to conserve
oxygen to some extent by reducing oxygen demand
and indirectly prolong the safe apnea time.!?
Reoxygenation refers to interrupting the period
of apnea or abandoning attempt at laryngoscopy
and resorting back to mask ventilation, to restore
oxygenation to safer levels. When peripheral cap-
illary oxygen saturations reached 95%, all our pa-
tients were reoxygenated by mask ventilation with
100% oxygen. This was in accordance with All In-
dia Difficult Airway Association (AIDAA) 2016
recommendations.!! Mean resaturation time was
similar in both groups, at about 40 seconds. Role of
apneic oxygenation using nasal cannula on safe ap-
nea time and levels of oxygen saturation have been
studied in a different subset of patients. In their
literature review, Gleason et al found nasal cannu-
la oxygenation to be effective in preventing or de-
laying desaturation during intubation.!? Lee et al
found that apneic oxygenation using nasal cannu-
la at five I/min during fiberoptic intubation delays
onset of hypoxia and hypercarbia providing extra
time for intubation.!® Christodoulou et al showed
that apneic oxygenation with ten 1/min compared
to five I/min via nasal cannula demonstrated delay
of desaturation and maintenance of higher PaO,
levels during elective intubation.'* Obstetric air-
way guidelines recommend apneic oxygenation
using nasal cannula at 5 to 15 1/min.!® Nasal ox-
ygen supplementation during efforts of securing a
tube (NO DESAT) has been shown to extend apnea
time in high risk patients, including obese and pa-
tients with difficult airway.!®17 All India Difficult
Airway Association guidelines for the management
of unanticipated difficult airway in adults recom-
mend apneic oxygenation using nasal cannula with
fifteen 1/min oxygen.!® High Flow Nasal Oxygen
(HFNO) has shown promising results in terms of
better oxygenation by higher oxygen reserves, con-
tinuous positive airway pressure effect and better
patient tolerance.!®2%21 HENO may not be easily
available in many healthcare settings. Moon et al
found that nasopharyngeal oxygen insuftlation fol-
lowing pre-oxygenation in morbidly obese patients

delays the onset of oxyhaemoglobin desaturation
during the subsequent apnea.??

None of the studies cited mention the perioxy-
genation technique, as we have done in this study.
In our study, the duration of the “safest” and safe
apnea times during simulated laryngoscopy was
noted. This was followed by reoxygenation and
bag mask ventilation to attain 100% saturation and
then direct laryngoscopy and intubation was con-
ducted. We defined the end point of safe apnea time
as peripheral capillary oxygen saturation reading
of 95% on pulse oximetry. Studies have shown a
lag of many seconds in desaturation response time
as far as the oxygen saturation revealed by pulse
oximetry is concerned, in normothermic condi-
tions.?>24 This may be more pronounced in mild
hypothermia as shown by MacLeod et al.>> By the
time, display is 90-92%, the actual saturation might
be much lower.

Safe apnea time in our study was 412 seconds
longer in oxygen group than control group as com-
pared to a study by Moon et al, where the nasal ox-
ygen group had a median safe apneic duration 103
seconds longer than control group. This difference
could be put down to the fact that their study pop-
ulation was obese patients. The significantly pro-
longed safe apnea time in our study may be attrib-
uted to a combination of twenty degree head up
patient positioning, adequate preoxygenation for
three minutes using circle system with a fresh gas
flow of ten 1/min, apneic oxygenation using nasal
cannula with nasopharyngeal airway in situ with
oxygen flow of five I/min ensuring airway patency,
use of drugs such as fentanyl and rocuronium and
exclusion of high BMI patients and ASA 3 and 4
patients from our study population.

The time taken for oxygen saturation to drop
from 100% to 99% and then the precipitous fall
from 99% to 95% may be significant from a clinical
perspective. The fall from 99% to 95% happened
much faster in both groups (T;), regardless of oxy-
gen supplementation. The stark difference between
the groups was noted in the time taken for oxygen
saturation to drop from 100% to 99% (T). T, was
significantly prolonged in the nasal oxygen group
in comparison to the control group. Therefore,
we propose a new concept of “safest apnea time’,
which would be the time taken for peripheral cap-
illary oxygen saturation readings to fall from 100%
to 99% or T, In our study, SpO, was maintained
at 100% in all patients in the nasal oxygen group
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at 10 minutes of apnea, compared to none in the
control group. This highlights importance of effect
of apneic oxygenation on “safest apnea time”.

While explaining the correlation between SpO,
and PaO, on oxygen dissociation curve, Madan ob-
served drop in PaO, by four mm of Hg for every
one percent drop in SpO, from 100% to 90%, pre-
sumably in room air.% In our study the one percent
drop of SpO, from 100% to 99%, to the decrease in
PaO, of four mmHg was from an estimated PaO, of
at least 213 mmHg in the nasal oxygen group with
five I/min oxygen flow. This drop in SpO, occurred
after a mean duration of eleven minutes ensuring
the longest and “safest apnea time” of airway man-
agement. It was observed in our study that the time
taken for the drop in SpO, from 100% to 95% was
in a mean safe apnea time of 12 minutes duration
compared to the 11 minutes of safest apnea time.
During this cushion of mean safe apnea period,
following “safest apnea time”, attempts at airway
instrumentation may be replaced with oxygenation
efforts. Patel et al showed that the rate of increase in
EtCO, during apnea was 0.15 kPa/min.?”

In our study, the median EtCO, value post in-
tubation in the nasal oxygen group was higher by
14.5 mmHg compared to control group, but with-
out any complications. The median EtCO, value in
our study was much higher in comparison to the
study by Moon et al where patients in the oxygen
group had mean EtCO, level 3.0 mmHg higher
than control group.

Patient awareness was an ethical concern during
the period of simulated laryngoscopy. Anaesthesia
was maintained by propofol infusion intravenously
during this phase, thereby avoiding awareness. Re-
garding study limitations, we used “simulated” pro-
longed laryngoscopy to estimate safe apnea time.
The sympathetic stress in a prolonged difficult la-
ryngoscopy would give a lesser safe apnea time.
EtCO, and SpO, are less accurate and less objective
than arterial blood gas measurements which would
have been ideal, but invasive. Bi-spectral index or
entropy monitoring may have provided an addi-
tional safety margin to ensure depth of anaesthesia
but was not available in our institution.

Conclusion

Apneic oxygenation via supplemental oxygen
through nasal cannula at five I/min with naso-
pharyngeal airway in situ after standard preoxy-

genation compared to standard technique of pre-
oxygenation alone, significantly prolong safe apnea
time, during simulated prolonged laryngoscopy.
“Safest apnea time” could be taken as a time point to
consider reoxygenation when facilities are not avail-
able to monitor end tidal oxygen concentration.
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Abstract

Introduction: Epidural analgesia after abdominal surgery is most effective mode of postoperative pain re-
lief. Relative effects of the volume and concentration of local anaesthetic used for epidural analgesia are still
under debate. We compared postoperative analgesic efficacy and adverse effects with continuous epidural
infusion of 0.5% levobupivacaine at 3 ml/h and 0.15% levobupivacaine at 10 ml/h after abdominal surgery.
Methodology: Sixty patients in the age group of 18-60 yrs of either sex belonging to ASA I and II scheduled
for abdominal surgery under general anaesthesia were randomly equally divided into two groups. Patients
of group-A received continuous epidural infusion of 0.5% levobupivacaine at 3 ml/h and group-B received
continuous epidural infusion of levobupivacaine 0.15% at 10 ml/h for 24hrs in postoperative period. In-
tra-operative hemodynamic, HR, SBB, DBP, MAP, quality of postoperative analgesia using VAS score, time
for first rescue analgesia, consumption of rescue analgesic drug, motor blockade, sensory loss and side effects
were observed during the study period. Results: No statistically significant difference was observed in VAS
score in group-A and Group-B at rest and at cough at all times. Motor block was significantly higher in
group-A after 16 hours. Heart rate, SBP, DBP and MAP were significantly lower in group-A as compared
to group-B in postoperative period. Conclusion: Continuous epidural infusion of 0.5% levobupivacaine
at 3 ml/h and 0.15% levobupivacaine at 10 ml/h provided equal postoperative analgesia after abdominal
surgery. We observed that postoperative analgesia depends on total dose of local anaesthetic agent and not
on the concentration or volume.

Key words: Epidural analgesia; Levobupivacaine; postoperative analgesia

Introduction

nadequate control of postoperative pain fol-

lowing abdominal surgery can adversely affect
patient’s recovery outcomes.! It can cause impair-
ment in coughing and breathing which may affect
pulmonary function and decrease vital capacity.?
Administering continuous epidural analgesia is a
reliable and beneficial approach that facilitates early
patient mobilization and supports recovery.> Local
anaesthetic drugs which are given through epidur-
al route, block the nociceptive input into the CNS

thus provides greater analgesic effect.* In contrast
to bupivacaine, levobupivacaine, the S-enantiomer
of bupivacaine, exhibits reduced sodium channel
blocking activity and offers lower cardiac and cen-
tral nervous system toxicity than its racemic form
and produces less arrhythmia.” Thus, levobupiv-
acaine is a widely used local anaesthetic due to its
favourable safety and efficacy profile.®

There is a lack of consensus regarding the op-
timal concentration of levobupivacaine used for
the purpose of epidural analgesia. Concentrations
of levobupivacaine ranging from 0.0625% to 0.5%
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have been used for epidural analgesia. Raising the
total administered dose, whether by concentration
or volume, enhances the onset speed, prolongs the
effect, and intensifies motor blockade.”% The rela-
tive impact of concentration versus volume on an-
algesic quality during epidural administration re-
mains uncertain when the total dosage is fixed.>!?
We hypothesized thatalarger-volume, lower-con-
centration infusion would provide comparable anal-
gesia with better hemodynamic stability compared
to a smaller-volume, higher-concentration regimen.
With above mentioned hypothesis, we planned this
randomized, double blinded, prospective study to
evaluate and compare the analgesic quality, hemo-
dynamic stability and adverse effects caused by con-
tinuous epidural analgesia of levobupivacaine 0.5%
at 3 ml/h (small volume) and levobupivacaine 0.15%
at 10 ml/h (large volume) keeping the total dose 15
mg/hr constant after lower abdominal surgery for
postoperative analgesia. Patients underwent elective
gynaecological, urological and oncological surger-
ies under general anaesthesia. These surgeries were
interval debulking surgery, exploratory laparotomy,
nephrectomy, total abdominal hysterectomy with
bilateral salpingo-oophorectomy, low anterior re-
section in carcinoma rectum patients and staging
laparotomy in gynaecological cancer patients.

Objective

We hypothesized that a larger-volume, low-
er-concentration infusion would provide compa-
rable analgesia with better hemodynamic stability
compared to a smaller-volume, higher-concen-
tration regimen. Our objective was to compare
quality of analgesia, hemodynamic stability, mo-
tor blockade, sensory loss, duration of analgesia
and adverse effects between two groups during
post-operative period.

Methods

After getting the hospital ethical committee’s
approval (IRC/24/2020), a randomized, double
blinded prospective study was done on sixty pa-
tients of either sex, aged 18 to 60 years belonging to
ASA I-1I, undergoing elective laparotomy. Surgi-
cal types were evenly distributed between groups.
Exclusion criteria were patient’s refusal, weight >
90kg, allergy to local anaesthetic agent, coagula-
tion abnormalities, local infection, uncontrolled

hypertension, diabetes mellitus, renal insufficien-
cy, hepatic insufficiency, cardiac or respiratory
disease, spine abnormality, emergency surgeries
and neurological or psychological disorder which
interfere in communication for postoperative pain
assessment. Patients were distributed randomly
into two groups by sealed envelopes (containing 30
patients in each). One anaesthesiologist from our
institute who did not participate in study prepared
levobupivacaine infusion in two different concen-
trations. Anaesthesiologists who did post-opera-
tive observation was blinded to the concentration
and infusion rate of levobupivacaine. Patients of
group A received 0.5% levobupivacaine at 3 ml/h
and patients of group B received 0.15% levobupi-
vacaine at 10 ml/h as continuous infusion for 24
hours in postoperative period after 2 hours of last
dose of levobupivacaine in intraoperative period.

During preanaesthetic check-up, a detailed his-
tory and complete physical examination includ-
ing thorough airway and spine was carried out.
Patient’s written informed consent was taken. All
routine investigations including chest x-ray (PA
view), electrocardiogram (ECG) and 2-D echo
were done. Patients were briefed about the epi-
dural technique with catheter in situ and educated
with a 10 cm visual analogue scale (VAS) device for
assessment of pain intensity (0 indicates no pain,
10 indicates worst pain).

Patients were premedicated with tablet loraz-
epam 1 mg at night before surgery. Standardized
general anaesthesia was administered with thio-
pentone, vecuronium, fentanyl and sevoflurane in
a 50:50 O,/N,O mixture. Epidural catheter of 18-G
was inserted through 16-G Tuohy needle into the
epidural space in lumbar region and was directed
cephalad for a 4 cm distance and fixed at back. We
injected 5 ml of 0.5% levobupivacaine via epidural
catheter before surgical incision in all the patients.
We repeated 2.5 ml of 0.5% levobupivacaine via
epidural catheter for surgery lasting longer than 2
hours, if patient remained hemodynamically sta-
ble. ECG, HR, SpO2, NIBP, EtCO2, urine output
and blood loss was monitored. This study was done
in cancer institute and cancer surgeries sometimes
can extend so we opted general anaesthesia rather
than sole epidural anaesthesia for surgery. We used
fentanyl only once during induction of anaesthesia.

Patients were transferred to postoperative ICU
and observed for 24 hours. The intensity of pain
was assessed using VAS score at rest and at cough
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in immediate post-operative period and then 2
hourly for 24 hours from the time when the epi-
dural analgesia was started. Patients received ran-
domly either 0.5% levobupivacaine at 3ml/hour in
group A or 0.15% levobupivacaine at 10ml/hour
in group B through epidural catheter in post-op-
erative period as continuous infusion after 2 hours
of last intra-operative dose of levobupivacaine. Pa-
tients were given 15 mg levobupivacaine per hour
in both the groups. Intravenous inj. tramadol 100
mg as rescue medication was given if VAS score >
4. HR, SpO2, SBP, DBP, MAP, motor block, senso-
ry block and adverse effects were monitored. Total
dose of rescue medication used and time for first
rescue analgesia were recorded during the study
period. Incidence of vomiting and nausea was also
recorded. Modified Bromage scale was used for
assessment of motor blockade. Ramsay sedation
score was used for assessment of sedation. Primary
outcome was VAS score, and secondary outcomes
were motor and sensory blockade, total dose of
rescue medication, time for first rescue analgesia,
hemodynamic stability, nausea and vomiting.

A fall of 20% in SBP from baseline value was
considered as hypotension. It was treated with inj.
RL 500 ml fast infusion and inj. mephentermine
6mg if required. Bradycardia was defined as HR <
50 bpm and treated with inj. atropine 0.6 mg. Nau-
sea and vomiting were treated with inj. Ondan-
setron 8mg. No active intervention done to treat
motor blockade.

Statistical Package for Social Sciences (SPSS Inc.,
Chicago, IL, USA, version 19.0 for Windows) was
used for statistical analysis with all data available

always. Results on continuous measurements were
presented as mean + SD and results on categorical
measurements were presented in number and per-
centages (%). Paired and unpaired t-tests were used
for analysis of parametric data. Chi-square test or
Fisher’s exact test was used for comparison of qual-
itative or categorical variables. All statistical tests
were performed at a significance level of a = 0.05 and
were two-sided. Calculation of sample size was done
based on mean VAS 0.6 + 0.6cm in LV (low volume)
group and 0.6 £ 0.7cm in HV (high volume) group as
per reference study.” Total number of patients to be
included in the study was calculated on the basis of
a power calculation assumption on a 20% difference
with a = 0.05 and = 0.20. Results were considered
as significant if the critical level is 5% (p < 0.05).

Results

This study included 60 patients of ASA grade I
and II who underwent abdominal surgery under
general anaesthesia. Patients were divided ran-
domly into two groups (30 patients in each). No
patient was excluded from study. Patients of both
groups were comparable with respect to sex, height,
age, weight and duration of surgery (Table 1). No
statistically significant difference was observed in
type of surgery, HR, MAP, systolic and diastolic BP
between the groups at baseline and in intra oper-
ative period. Patients received mean 34.16 + 5.62
mg levobupivacaine in group A and 32.50 + 6.23
mg levobupivacaine in group B intra operatively.
No statistically significant difference was observed
(p=0.2811).

Table 1: Demographic data of both groups

Variables GroupA (n=30) GroupB p value
(n=30)
Age (years), mean+SD 38.13+£11.65 39.30+9.58 0.6734
Sex 7 6 -
Male 23 24
Female
Height (cm), mean+SD 156.16+6.86 153.93+6.43 0.1986
Weight(kg), mean+SD 61.86+9.76 62.9318.64 0.6557
Duration of 170.00+36.39 159.00+£37.91 0.2562
surgery(min), mean+SD
Intra operative dose of 34.16+5.62 32.50+6.23 0.2811
levobupivacaine (mg),
mean+SD

n = number, cm = centimetre, kg = kilogram, min = minute, mg = milligram
(Values are expressed as Mean + SD, p < 0.05 considered as significant)
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No statistically significant difference was ob-
served in VAS scores at rest and at cough between
groups during first 24 hours in post-operative
period indicating comparable analgesic efficacy
(Graph 1).

Table 2 shows mean consumption of inj. trama-
dol in group A was 53.33 + 50.74 mg and in group
B was 43.33 + 56.83 mg. No statistically signif-
icant difference was observed (p = 0.4750). No
statistically significant difference was observed in

Graph 1: Comparison of VAS score at rest and at cough between two groups
during post-operative period
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mean first rescue analgesia time between group A
(11.38 + 2.70hr) and group B (10.17 £+ 1.99 hr) (p
=0.2041).

As shown in Table 3, MAP was lower in group
A in comparison to Group B throughout post-op-
erative observation period. Hypotension was ob-
served in 13 patients in group A while 6 patients
in group B (p = 0.05). Heart rate was significantly
lower in group A as compared to group B at 14, 16,
22 and 24 hours post operatively. Bradycardia was
noticed in 10 patients in group A (33.33%) while in
4 patients in group B (13.33%) (p = 0.06).

As shown in Graph 2, Bromage score was high-
er in group A in the comparison of group B. It was
significantly higher at 14 hours and was highest at
22 hours. No statistically significant difference was
observed in sensory blockade between both the
groups. Mean upper dermatome level of sensory
block was observed at different time points are as
follows; time (in hours) [group A: group B]: 2hr

Group A at cough Group B at cough

[T12, T12], 4hr [L1, L2], 8hr [T12, L1], 12hr [L2,
L2], 16hr [L2, L1], 20hr [L3, L2] and 24hr [L3, L3].

5 patients had nausea in group A (16.66%) while
3 patients had nausea in group B (10%). Similar
incidence of vomiting was observed in both the
groups. Sedation, dizziness, pruritus, allergic reac-
tion or any life-threatening complication was not
observed in our patients.

Discussion

Different modalities are in use for postoperative
pain management. Studies have showed that local
anaesthetic agent as epidural analgesia provides
superior postoperative analgesia for lower abdom-
inal surgery including laparoscopic gynaecological
surgery in comparison with IV-PCA.!14

M Dernedde et al. (2003)7 evaluated and com-
pared the analgesic quality produced by 0.5% lev-
obupivacaine as continuous epidural infusion with
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Table 2: Comparison of rescue analgesia requirement between both groups

Variable Group A(n=30) Group B(n=30) p value
Mean+SD Mean+SD
Time for first rescue 11.38+2.70 10.17+1.99 0.2041
analgesia (hr)
Mean consumption of 53.33+50.74 43.33+56.83 0.4750
tramadol (mg)

mg - milligram, hr- hour

(Values are expressed as Mean + SD, p < 0.05 considered as significant)

Graph 2: Comparison of motor blockade - Modified Bromage scale during postoperative period
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Table 3: Comparison of changes in MAP (mm of Hg) during post-operative period in both groups

Time (hou) eantSD enssp | e
2 80.55+11.58 87.03+8.31 0.0164
4 79.75+12.85 86.66+10.05 0.0253
6 79.76x11.90 86.33+9.21 0.0205
8 79.53+11.40 86.44+8.62 0.0092
10 80.47+10.63 87.36+8.84 0.008
12 80.23+10.51 87.42+9.31 0.0071
14 79.8+10.88 86.66+9.42 0.0127
16 79.98+10.95 86.89+9.00 0.0098
18 79.45+11.07 87.41+9.33 0.0033
20 79.74+10.65 87.66+9.43 0.0037
22 79.48+11.33 87.32+9.09 0.0049
24 85.76%6.73 85.59+10.19 0.9408

(Values are expressed as Mean+SD, P<0.05 is considered as significant)
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dose equivalent 0.15% levobupivacaine as contin-
uous epidural infusion after lower-abdominal sur-
gery and no statistically significant difference was
observed in VAS scores at rest during the first 48
hours postoperative period between both groups.
We also used same concentrations in two groups
and confirmed these findings in our study. No sta-
tistically significant difference was observed in VAS
score at rest and at cough during first 24 hours post-
operative period between both groups at all times.

In 2008, C. Mendola et al'?, did a randomized,
prospective, double blinded comparative study of
three different concentrations of 10 mg/hr levobu-
pivacaine 0.5%, 0.25% and 0.15% in combination
with sufentanil at 2.6 mg/h for thoracic epidural
analgesia in patients undergoing thoracotomy and
found equal analgesic quality and incidence of ad-
verse effects in all groups. We also noticed equal
analgesic quality using 0.5% and 0.15% concentra-
tions of levobupivacaine 15 mg/h. Our results con-
tradict these findings regarding adverse effects. We
found higher incidence of motor blockade, hypo-
tension and bradycardia in 0.5% group with similar
incidence of nausea and vomiting in both groups.

In 2009, G Danelli et al.!?, evaluated the effects
of levobupivacaine (10.5 mg/h) with either lev-
obupivacaine 0.125% at 8.4 ml/h (n = 35, low con-
centration group) or levobupivacaine 0.75% at 1.4
ml/h (n = 35, high concentration group) in 70 pa-
tients undergoing total hip replacement. No statis-
tically significant difference was observed in pain
relief between both groups at rest. Our results also
support these findings with no statistically signifi-
cant difference in VAS score between both groups
at rest and at cough.

The effect of local anaesthetic agent injected
via the epidural space depends on a concentra-
tion gradient achieved between the extraneural
and intraneural spaces that allows the diffusion
of local anaesthetic agent into nerve. A critical
length of the nerve fiber must be blocked by lo-
cal anaesthetic agent for achieving desired effect.
Long, thick motor fibers have twice critical block-
ing length in comparison to short, thin pain fib-
ers. High concentration of local anaesthetic agent
is needed to produce motor blockade. Lower inci-
dence and intensity of motor blockade is produced
by lower concentration of local anaesthetic agent

because the lake of sufficient total amount of local
anaesthetic agent inside the nerve. When epidural
catheter is placed more proximal to lumbar spinal
segments, it increases the risk of motor block in
comparison to more cephalic approach.!4

In our study, we observed higher motor block in
group-A (0.5%, low volume) as compared to group
B (0.15%, high volume). Placement of epidural
catheter was done at lumbar region, proximal to
motor innervation of the lower extremities that
might had increased the risk of motor blockade.
M Dernedde et al. (2003)71° evaluated the anal-
gesic quality and side effects exerted by a contin-
uous epidural infusion of levobupivacaine 0.5%
and compared it with a dose equivalent 0.15%
levobupivacaine after lower-abdominal surgery. In
contrast to our study, they observed that there was
significantly less motor blockade in the LV (low
volume, 0.5% group) as compared to HV (high
volume, 0.15%) group (p = 0.025). They conclud-
ed that altering the volume and the concentration
while maintaining equivalent total doses of lev-
obupivacaine produced the same analgesic quality
at rest and after coughing. We also confirmed these
findings in our study.

In 2018, EL Shaarawy Ahmed Mostofa et al.’,
compared the effects of three different concen-
trations of levobupivacaine (0.125%, 0.25% and
0.0625%) on mode of delivery during epidural la-
bour analgesia, characteristics of sensory and mo-
tor block and pharmacokinetic profile of the dif-
ferent three concentrations throughout the labour.
Levobupivacaine concentrations of 0.25% and
0.125% had significantly lower VAS than 0.0625%.
39% of parturients who received levobupivacaine
0.25% had motor block (Bromage score 1). 43%
of them were converted to caesarean delivery. Re-
maining two concentrations had no observation of
motor blockade.

Mohammad H et al.!® compared effects of
0.0625%, 0.1% and 0.125% bupivacaine mixed with
fentanyl 1 mcg/ml as thoracic epidural analgesia
administered through Baxter elastomeric pump
at 5 ml/h in upper abdominal surgeries. They ob-
served that hypotension was significantly higher
in 0.125% group than in other groups. The inci-
dence of other side effects including motor block,
pruritus, postoperative nausea and vomiting, were
found to be highest in 0.125% compared to the oth-
er groups. We also support these findings with our
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study that higher concentration group had higher
incidence of motor block and other adverse effects.

Halliday L et al.?® compared ultra-low, low and
high concentration local anaesthetic (bupivacaine
or equivalent) for labour epidural analgesia and
observed that 30 or 60 min VAS pain scores and
maternal satisfaction scores were similar between
the three groups. Parturients receiving ultra-low
concentration were significantly less likely to have
a Bromage score> 0 and increased likelihood of
spontaneous vaginal delivery compared with high
concentration. Our findings are also consistent
with this finding regarding motor blockade.

M Dernedde et al. (2003)7 observed no differ-
ence in median upper level of sensory blockade at
different times in post-operative period between
the two groups (levobupivacaine 0.5% and 0.15%).
Similarly, we also observed no difference in upper
dermatome level of sensory block between both
the groups in our study.

These results are in accordance with previous
studies that support the concept that the quality of
epidural analgesia depends on the total dose of lo-
cal anaesthetic agent and not on the concentration
or volume.”>161718 We also observed that the qual-
ity of epidural analgesia was similar while using
levobupivacaine infusion as large concentration
with small volume and small concentration with
large volume with constant total dose.

M Dernedde et al. in another study!” observed
that all the three groups had similar morphine
consumption as rescue analgesia with same dose (5
mg/ml, 1.5 mg/mland 0.75 mg/ml). Similar to this,
no statistically significant difference was observed
in requirement of rescue analgesia as inj. tramadol
between two groups: group-A (53.33 + 50.74 mg)
and group-B (43.33 + 56.83 mg) (p = 0.4750).

In other study, M Dernedde et al (2003)” noticed
that hypotension was the most frequent adverse
event in their study, that occurred in 5 patients in
HV group and 2 patients in LV group. Observation
of bradycardia was higher in the LV group (11 pa-
tients) than HV group (3 patients). We observed
hypotension significantly higher in group A (low
volume, 0.5% group) in our study. Hypotension
was observed in 13 patients (43.33%) in group-A
and 6 patients (20%) in group-B (high volume,
0.15%) (p = 0.05). We observed higher incidence
of bradycardia, 10 patients (33.33%) in group-A in
comparison to 4 patients (13.33%) in group B (p

= 0.06). The higher incidence of hypotension and
bradycardia in the low-volume high-concentration
group may be attributed to more extensive sympa-
thetic blockade caused by denser local anaesthetic
spread at higher concentration.

In our study, we observed similar incidence of
nausea in both groups (p = 0.4474). Incidence of
vomiting was similar in both the groups (p = 1).
M Dernedde et al. (2003)7 observed no difference
between the two groups for incidence of nausea
and vomiting. Nausea was observed in five patients
in the HV group, compared with four in the LV
group (p = 0.72). Danelli G et al.!3 observed high-
er incidence of nausea in low concentration group
(13.3%) versus high concentration group (6.2%, p
= 0.025). Sedation, pruritus or respiratory depres-
sion was not observed in any group in our study.

Limitation of our study was that we had not
used PCEA. That might give better and precise
calculation of total consumption of LA to achieve
adequate analgesia. We could not observe urinary
retention because catheterization was done in all
patients during the observation period. Other lim-
itations were small sample size, single centre study
and absence of plasma levobupivacaine concentra-
tion monitoring.

Conclusion

Continuous epidural analgesia of 0.5% levobu-
pivacaine at 3ml/h and 0.15% levobupivacaine at
10ml/h are equally effective for postoperative an-
algesia at rest and at cough after abdominal sur-
gery with similar haemodynamic parameters and
incidence of side effects. The study demonstrated
that postoperative analgesia depends on total dose
of local anaesthetic agent and not on the concen-
tration or volume.
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Abstract

Introduction: Postoperative pain following knee surgery is often severe and may delay rehabilitation. This
study evaluated the safety and efficacy of adding fentanyl to levobupivacaine in ultrasound guided ad-
ductor canal block (ACB). Methods: One hundred patients scheduled for arthroscopic knee surgery were
randomly assigned to two groups: Group L received 20 ml of 0.25% levobupivacane, while Group FL: who
received Fentanyl (1ug/kg) with 0.25% levobupivacaine to a total volume of 20 ml. Postoperative analgesia,
rescue analgesic requirement, patient satisfaction, hemodynamic stability, and complications were recor-
ded. Results: Group FL demonstrated significantly lower VAS pain scores and reduced rescue analgesic
use compared to Group L. Patients in Group FL reported higher satisfaction with pain management and
showed greater hemodynamic stability. Mild adverse effects, including nausea, vomiting, hypotension, and
tachycardia, reported in both the groups. Conclusion: The addition of fentanyl to levobupivacaine in ul-
trasound guided adductor canal block enhances postoperative analgesia, improves hemodynamic stability,
increases patient satisfaction, and reduces analgesic requirements without increasing adverse effects in knee
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surgery patients.

Key-words: Adductor canal block; Levobupivacaine; Fentanyl; Post-operative analgesia; Knee surgery

Introduction

Anaesthesia for surgery should provide not
only intraoperative comfort but also adequ-
ate postoperative pain relief. Knee surgeries are
frequently associated with moderate to severe po-
stoperative pain, which impedes early mobilizati-
on and delays rehabilitation. Effective postopera-
tive analgesia has been shown to enhance patient
satisfaction, facilitate faster recovery, and reduce
the length of hospital stay.

Several modalities are available for postoper-
ative analgesia following knee surgery, including
pre-emptive analgesia, local infiltrationl, system-
ic agents such as opioids and non-opioids, pa-
tient-controlled analgesia (PCA), epidural anal-
gesia?, peripheral nerve blocks, and multimodal

combinations.? These approaches aim to minimize
systemic opioid requirements and reduce associ-
ated adverse effects such as sedation, nausea, res-
piratory depression, constipation, and urinary re-
tention.

The introduction of ultrasound guidance has
significantly improved the safety and efficacy of re-
gional anaesthesia by allowing clear differentiation
between vascular and nonvascular structures and
visualization of local anaesthetic spread.

Among peripheral nerve blocks, the femoral
nerve block (FNB) has been widely utilized for
knee surgery analgesia.* However, FNB produces
motor blockade of the quadriceps due to its mixed
motor and sensory innervation, thereby increas-
ing the risk of falls during early ambulation.”> To
address this limitation, the adductor canal block
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(ACB) has gained popularity. By selectively block-
ing the saphenous nerve, which is primarily sensory,
ACB provides effective postoperative analgesia while
preserving quadriceps muscle strength. © This pres-
ervation of muscle strength facilitates early mobili-
zation and physiotherapy, thereby minimizing the
risk of complications such as deep vein thrombosis,
falls, and joint stiffness. Moreover, ACB has been
shown to reduce opioid consumption, consequently
decreasing the incidence of opioid-related adverse
effects including nausea, vomiting and, sedation
during the postoperative period.” These advantages
of ACB align well with the principles of Enhanced
Recovery After Surgery (ERAS) protocols, promot-
ing faster and safer postoperative recovery.

Levobupivacaine, a long-acting amide local
anaesthetic, offers a wider safety margin with re-
duced cardiotoxicity compared to bupivacaine.?
Fentanyl citrate, a potent synthetic opioid agonist,
by acting on p-opioid receptors located on the pe-
ripheral sensory nerve fibers and in the dorsal root
ganglia, achieves effective analgesia in the affected
region. [°! In the presence of tissue inflammation,
the expression and axonal transport of opioid re-
ceptors toward the nerve terminals is increased,
thereby enhancing the analgesic potency of pe-
ripheral opioids.” Furthermore, when opioids are
combined with local anaesthetics—which primar-
ily inhibit voltage-gated sensory channels—there
is a synergistic effect: the local anaesthetic blocks
nociceptive conduction, while the opioid engages
receptor-mediated inhibitory signalling, together
targeting multiple pathways of pain transmission
and neuronal excitability.?

The present study was undertaken to evaluate
the safety and efficacy of ultrasound-guided ACB
using levobupivacaine with fentanyl in patients
undergoing arthroscopic knee surgery, with par-
ticular focus on postoperative pain control, opi-
oid consumption, and preservation of quadriceps
muscle strength.

Objectives

The present study was designed to assess wheth-
er addition of fentanyl to levobupivacaine in an ad-
ductor canal block improves analgesic efficacy and
reduce the requirement for rescue analgesics.

Our primary objective was to evaluate the
analgesic efficacy of fentanyl as an adjuvant to

levobupivacaine in an ultrasound-guided adductor
canal block. Secondary objectives were to monitor
hemodynamic parameters during the preoperative
period, to observe and document any adverse ef-
fects or complications associated with the inter-
vention, and to determine the requirement for res-
cue analgesics.

Methods

After obtaining approval from the Institution-
al Ethics Committee (Ref. No. 16/2023, dated
26/08/2023), this prospective randomized controlled
trial was conducted between September 2023 to Au-
gust 2024 in the Orthopedic Operation Theatres of
B.J. Medical College and Civil Hospital, Ahmedabad.

Patients aged 18-65 years of either sex, classi-
fied as ASA physical status I-1II, and scheduled for
elective knee surgery of approximately 2-3 hours
duration were included. Exclusion criteria were
age < 18 or > 65 years, ASA status IV-V, emergen-
cy surgeries, patient refusal, fever of any etiology,
and known hypersensitivity to local anaesthetics.

Sample size calculation and randomization

Sample size calculation was done using Open
epi software version 3. For sample size estimation,
reference was taken from Kampitak W et al.! study
in which postoperative mean VAS score was com-
pared. By taking 90% confidence interval and 80%
power, obtained sample size with mean difference
method were 49 patients in each group (98 patients
total). For rounding off, total of 100 patients was
enrolled and randomized using the lottery method
into two equal groups (n = 50 each):

Group L: 20 mL of 0.25% levobupivacaine.

Group FL: 20 mL of 0.25% levobupivacaine
with fentanyl 1 pg/kg.

Preoperative preparation

All patients underwent routine pre-anaesthetic
evaluation, including history, systemic and local
examination, and relevant investigations. Patients
were kept nil per oral for at least 6 hours. Written
informed consent was obtained.

Anaesthetic technique

In the operating room, standard monitoring
(pulserate, non-invasiveblood pressure, oxygen sat-
uration, respiratory rate, and Electrocardiogram)
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was applied, intravenous access established, and
crystalloids started. All patients received intrave-
nous ondansetron 4 mg as a premedication. Spinal
anaesthesia was administered under aseptic pre-
cautions at the L2-L3 or L3-L4 interspace using
0.5% hyperbaric bupivacaine after confirming free
cerebrospinal fluid flow. Supplemental oxygen was
provided via face mask at 4-5 L/min.

Block technique

At the conclusion of the surgery, a sealed opaque
envelope was opened to determine the group allo-
cation of the patient and the drug for the adductor
canal block was prepared accordingly. Adductor
canal block (ACB) was performed by a single expe-
rienced anaesthesiologist using a high-frequency
linear ultrasound transducer. The probe was placed
at the junction of the upper two-thirds and lower
one-third of the thigh. The superficial femoral ar-
tery, sartorius, and adductor muscles were iden-
tified. The saphenous nerve and nerve to vastus
medialis, located anterolateral to the artery, were
targeted. A 22G, 100-mm needle was advanced in-
plane from lateral to medial, and the study drug
was injected after negative aspiration.

Postoperative management and assessment

Patients were observed for 24 hours postoper-
atively. Postoperative pain was assessed using the
Visual Analogue Scale (VAS) at 4, 8, 12, 16, 20, and
24 hours by blinded assessors. VAS score rang-
es from 0 (No pain) to 10 (Worst pain possible).
Time to the 1%t dose of rescue analgesia after ACB
was measured. Rescue analgesia was provided with
intravenous Tramadol 1-1.5 mg/kg, as required,
within 24 hours. Beyond 24 hours, analgesia was
managed by the orthopedic team. Patients were
also observed for any adverse effects such as nau-
sea, vomiting, dizziness, or any alteration in hemo-
dynamic parameters. Injection Ondansetron 8 mg
IV was administered for postoperative nausea and
vomiting. Patient satisfaction was recorded after 24
hours of ACB block, using a 5-point Likert’s scale
(1 = strongly dissatisfied, 2 = Moderate dissatisfied,
3 = Neutral, 4 = Moderate satisfied, 5 = strongly
satisfied).

Statistical Analysis:
All collected data were entered into Microsoft
Excel and analyzed using Epi info software version

7.2.5. Continuous variables such as age, heart rate,
mean arterial pressure, VAS scores, time to first
rescue analgesia, and total tramadol consumption
were expressed as mean + standard deviation (SD).
The comparison of continuous variables between
the two groups was performed using the unpaired
Student’s t-test. A P-value of less than 0.05 was
considered statistically significant. Categorical
variables such as sex distribution and incidence of
side effects were expressed as frequencies and per-
centages.

Results

In our study, both groups were comparable in
terms of demographic variables such as age and
gender. The mean age was 45.56 + 14.93 years in
Group L and 47.06 + 14.62 years in Group FL.
Male and female patients were also distributed al-
most equally between the two groups. There was a
statistically significant reduction in postoperative
VAS scores in Group FL compared to Group L at
all time intervals (P < 0.05), except at 4 hours post-
operatively, where the difference was not statisti-
cally significant (P = 0.073), as shown in Figure 1.

Figure 2 shows that there was a significant dif-
ference in mean arterial blood pressure (MABP)
between the two groups at all time intervals (P <
0.05), except at 4 hours postoperatively, where the
mean arterial pressure was not significantly lower
(P = 0.445). The mean heart rate was significantly
reduced in Group FL compared to Group L at all
time intervals, and this difference was statistically
significant (P < 0.05), as shown in Figure 3.

Table 1 shows that there was a statistically signif-
icant difference in the time to the first dose of res-
cue analgesia (in hours) between Group L (15.24 +
2.80) and Group FL (17.57 + 2.58), with a P value
of 0.000044 as per the unpaired t-test, indicating
a highly significant result. It also shows that there
was a statistically significant difference in the total
dose of Inj. Tramadol administered in the first 24
hours (in milligrams) between Group FL (132.64 +
16.82) and Group L (140.6 + 18.20), with P < 0.05
as per the unpaired t-test.

Group FL patients had higher satisfaction scores
than those in Group L, as shown in Figure 4, while
Table 2 presents the few adverse effects or compli-
cations encountered during the study across both
groups.
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Figurel. Graphical representation of Mean Postoperative VAS score at different time intervals between

the two groups.
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X- Axis represents different postoperative time intervals; Y- Axis represents VAS scores ranging from 0 to 10.

Figure 2. Graphical representation of the mean arterial blood pressure (MABP) between the two groups.
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Figure 3. Graphical representation of the mean heart rate between the two groups.
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Table 1. Comparison of Time to the 1st dose of rescue analgesia and total dose of Rescue analgesic (in-
jection Tramadol) between the two groups.

GROUPS
VARIABLES P Value
Group L Group FL
ST
TIME TO THE 1°* DOSE OF RESCUE ANALGESIA 1524 + 2.8 17.57 + 2.58 0.000044

(in HOURS)

TOTAL DOSE OF RESCUE ANALGESIA
(in mg)

140.6 + 18.201 132.64 £16.822 0.0253
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Figure 4. Comparison of Patient Satisfaction Score between the two groups.
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Table 2. Comparison of Adverse effects/ Complications between the two groups.
COMPLICATION GROUPL GROUP FL
Nausea 2 1
Vomiting 1 0
Hypotension 0 1
Bradycardia 0 0
Tachycardia 1 0
Dizziness 0 0
Discussion analgesia in knee surgery. Despite its effective-

Peripheral nerve blocks for lower extremity sur-
gery have historically been less common than those
for the upper extremity, largely due to anatomical
complexity and the predominant use of neuraxi-
al anaesthesia.!! Unlike the brachial plexus, the
nerves of the lower limb are widely distributed,
making blockade technically challenging. Howev-
er, advances in ultrasound technology, nerve stim-
ulators, and specialized needles have facilitated
precise localization, improved block success rates,
and reduced complications.!?

Femoral nerve block (FNB) has been the most
frequently employed technique for postoperative

ness, FNB is associated with significant drawbacks,
most notably quadriceps muscle weakness, which
increases fall risk and may lead to serious compli-
cations, including ligament injury or fracture.!?
Additional risks include vascular puncture, he-
matoma, femoral neuritis (0.59%), and rare per-
manent nerve injury (0.2%).14 Although large ret-
rospective analyses suggest no strong association
between FNB and falls!>, concerns about mobility
and safety persist.

Adductor canal block (ACB) provides an attrac-
tive alternative. By targeting the saphenous nerve
and sensory branches of the femoral and obturator
nerves within the adductor canal, ACB achieves
effective sensory blockade while largely sparing
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motor fibres.!® This motor-sparing quality of ACB
block results into better preservation of quadriceps
strength, facilitating early and safe early mobiliza-
tion and rehabilitation, after knee arthroplasty.!]

Levobupivacaine, the S(-) enantiomer of bupiv-
acaine, is preferred for its lower cardiotoxicity and
prolonged duration of action.® Wall PDH et al.!3
demonstrated that ACB with levobupivacaine of-
fers superior analgesia and lower pain scores com-
pared with FNB, both at rest and during mobili-
zation. Fentanyl, a potent p-opioid receptor ago-
nist, has been employed as an adjuvant in regional
blocks to enhance quality of the block and prolong
the duration of analgesia, while minimizing opi-
oid-related systemic side effects.

Ultrasound guidance has further strengthened
the utility of ACB, offering real-time visualization
of neural and vascular structures.!® This has im-
proved block accuracy, reduced performance time,
and minimized complications such as intravascu-
lar injection or local anaesthetic toxicity.??

According to the findings of the present study,
a single-shot ultrasound-guided adductor canal
block (ACB) with a combination of levobupiv-
acaine and fentanyl (FL group) provided superior
postoperative analgesia compared to levobupiv-
acaine alone. This combination prolonged the time
to the first rescue analgesic requirement, reduced
pain scores, and decreased the overall need for
supplemental analgesics within the first 24 hours.

Beyond statistical significance, these findings
hold an important clinical relevance. Prolonged
and effective analgesia enables patients to engage
in earlier mobilization, thereby reducing the risk
of postoperative complications such as venous
thromboembolism and joint stiffness. Further-
more, by reducing opioid requirements, this ap-
proach minimizes the incidence of opioid-related
side effects—including nausea, sedation, and res-
piratory depression—thereby enhancing over-
all patient comfort and satisfaction. Collectively,
these factors contribute to shorter hospital stays,
faster rehabilitation, and improved functional re-
covery, outcomes that are particularly valuable in
the context of modern enhanced recovery after
surgery (ERAS) protocols.

These results are consistent with previous stud-
ies. Kampitak et al.!9 demonstrated that the addi-
tion of local infiltrative analgesia (LIA) to a sin-
gle-shot ACB with 0.5% levobupivacaine (20 mL)

significantly prolonged the time to the first rescue
dose. Similarly, Hanson et al.?! reported that ACB
used as part of a multimodal analgesic regimen for
patients undergoing medial meniscopathy surgery
under general anaesthesia resulted in significantly
lower pain scores and opioid consumption com-
pared with controls. Egeler?? concluded that ACB
was associated with significantly reduced analge-
sic consumption following total knee arthroplasty
(TKA) compared with placebo, findings that are in
agreement with our results.

Most comparative studies evaluating ACB and
femoral nerve block (FNB) have reported compa-
rable analgesic efficacy after knee surgery. Howev-
er, ACB offers a distinct functional advantage over
FNB- the preservation of quadriceps strength. This
allows for safer early ambulation and initiation of
physiotherapy, ultimately facilitating early dis-
charge and better patient outcomes. Whereas FNB
is associated with postoperative quadriceps paresis,
delayed mobilization, and prolonged hospital stay.
Thus, current evidence supports the role of ultra-
sound-guided ACB, particularly when combined
with adjuvants such as fentanyl, as an effective, safe
and clinically valuable modality for postoperative
pain management in knee surgeries.

In summary, the findings of this study high-
light the clear clinical advantages of using a com-
bination of levobupivacaine and fentanyl for ul-
trasound-guided adductor canal block in patients
undergoing knee surgery. This technique not only
ensures superior analgesia but also promotes ear-
ly mobilization, reduces opioid consumption, and
potentially shortens hospital stays—key objectives
of enhanced recovery protocols.

Limitations and Future Scope

The present study was limited by its relatively
small sample size and short follow-up duration of
24 hours, which may not capture late-onset com-
plications or long-term functional outcomes. In
addition, only a single dose of fentanyl was eval-
uated, and dose-response relationships could not
be explored. Future large-scale, multicentre trials
with longer follow-up are warranted to validate
these findings, assess optimal dosing strategies,
and evaluate the impact of adductor canal block
with adjuvants on long-term recovery, rehabilita-
tion, and patient-reported quality of life.
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Despite the limitations, study’s strengths- in-
cluding its prospective randomized design, use of
ultrasound guidance, and standardized anaesthetic
protocols- enhance their clinical relevance of the
results and help balance the limitations.

Conclusion

Ultrasound-guided adductor canal block with
levobupivacaine offers effective postoperative an-
algesia in patients undergoing knee surgery. The
addition of fentanyl as an adjuvant significantly en-
hances block efficacy by prolonging the duration of
analgesia, reducing pain scores, delaying the need
for rescue analgesics, and lowering overall opioid
consumption, while preserving quadriceps muscle
strength. Thus, this technique represents a safe and
reliable component of multimodal analgesia for
knee surgeries, facilitating early mobilization and
improved postoperative recovery.
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VODIC ZA AUTORE

»Srpski ¢asopis anestezija i intenzivna terapija” (skraceno SJAIT) predstavlja casopis koji objavljuje
naucne i stru¢ne ¢lanke o teorijskim i klinickim aspektima anesteziologije, intenzivne terapije, reanima-
tologije i terapije bola. Casopis objavljuje i ¢lanke iz domena srodnih nau¢nih disciplina: klini¢ke farma-
kologije, klinicke fiziologije i patofiziologije, hirurgije, interne medicine, sudske medicine, urgentne me-
dicine i drugih oblasti medicine koje se bave problemima vezanim za preoperativnu pripremu, anestezi-
ju, reanimaciju, intenzivno lecenje i terapiju bola. Casopis se izdaje na srpskom i engleskom jeziku. Svi
¢lanci se recenziraju, a nakon prihvatanja za objavljivanje, svrstavaju se u jednu od slede¢ih kategorija:

1. Originalno istrazivanje (Original article)

2. Metaanaliza (Meta-analysis) - studija o studijama, predstavlja analiticko-sinteticku studiju ve-
¢eg broja studija o nekoj znacajnoj temi, uz analizu suprotstavljenih stavova i procenu prakti¢ne
primenjivosti; dopusta preporuke i zaklju¢ivanje na osnovu tudih podataka i mora imati jasno
formulisan zakljucak.

3. Revijalni ¢lanak (Review article) — razmatra neko savremeno, nereseno ili kontradiktorno pi-
tanje od teorijskog i prakti¢nog znacaja, uz iznosenje sopstvenih rezultata istrazivanja ili najno-
vijih vaznih podataka iz literature. Konstrukcija ¢lanka je slobodna i nije obavezan zakljucak,
ali su pozeljne kratke zaklju¢ne napomene sa jasnom porukom. Obuhvata i mi$ljenje eksperata
(Expert opinion)

4. Prikaz slucaja (Case report)

5. Pismo urednistvu (Letter to the Editor) - moze da se odnosi na tekstove objavljene u SJAIT
¢asopisu, na teme od znacaja za medicinsku praksu uopste, kao i na knjige (monografije) od po-
sebnog medicinskog znacaja. Pise se slobodno, uz eventualno navodenje podataka iz literature.
Objavljuje se prema odluci glavnog i odgovornog urednika.

6. Izvestaji sa naucnih i strucnih skupova - predstavljaju kratak prikaz rada skupa, uz isticanje
najvaznijih referata ili zakljucaka, odnosno preporuka od znacaja za $iri krug citalaca SJAIT-a.

7. Radovi iz istorije medicine - konstrukcija ¢lanka je slobodna i nije obavezan zakljucak, ali su
pozeljne kratke zaklju¢ne napomene sa jasnom porukom.

Autori se obavezuju da svoje tekstove, koji su primljeni za objavljivanje u nasem casopisu (SJAIT),
nece objaviti u nekoj drugoj publikaciji. Prihvatanjem objavljivanja u nasem casopisu, autori predaju
pravo na odobravanje preStampavanja njihovog materijala vlasniku ¢asopisa SJAIT.

Clanci koji opisuju klini¢ka istraZivanja moraju da postuju eticke standarde postavljene u Helsingkoj
deklaraciji. Nije dozvoljena identifikacija bolesnika ni u pisanom niti u ilustrativnom materijalu. Neop-
hodna je pismena saglasnost bolesnika za objavljivanje fotografskog materijala u kojem je angazovan.
Ukoliko rad opisuje rezultate eksperimenta na Zivotinjama, mora postojati jasna potvrda da su uslovi
postupanja sa zivotinjama bili maksimalno humani.

Clanci iz kategorije 1 moraju da imaju odobrenje etickog odbora (institucije u kojoj je zaposlen
glavni autor ili lokalnog regulatornog tela koje se bavi eti¢ckim pitanjima u domenu istrazivanja). Clanci
iz kategorije 4 moraju da imaju potpisan informisani pristanak od strane pacijenta, kojim se odobrava
prikazivanje slucaja kroz objavljivanje u casopisu SJAIT.

Rukopise koji su prispeli elektronskim putem najpre pregleda tehnicki urednik i ukoliko evidentira
tehnicke propuste (nepridrzavanja ,Vodica za autore”), rukopis odmah vraca autoru za korespondenciju,
radi korekcija propusta. Rukopise koji ispunjavaju tehnicke kriterijume, pregleda glavni urednik, da li se
tematikom uklapaju u uredivacku politiku, da li su stilski i jezicki razumljivi. Ukoliko rukopis ne ispu-
njava te osnovne kriterijume, urednik moze da odbije stampanje i pre (bez) recenziranja.
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Rukopis se prihvata za objavljivanje tek nakon odluke dva anonimna recenzenta, koji ¢e procenjivati
svaki od prispelih radova.

Autori su duzni da jasno oznace graficki materijal koji je pozajmljen iz drugih izvora. Preuzeti mate-
rijal nece biti objavljen ukoliko autor nije prethodno pribavio dozvolu za prestampavanje od izvornog
urednika i izdavaca i prilozio je uz rukopis.

Opsta uputstva o izgledu teksta

Clanak treba da bude napisan u Microsoft Office Word-u, formata A4. Potrebno je da se uredni-
$tvu posalje tekst rukopisa, ukljucujuci i dodatni ilustrativni/graficki materijal. Rukopisi se prireduju u
skladu sa ,Jedinstvenim zahtevima za pripremu rukopisa koji se podnose biomedicinskim ¢asopisima”
[,Uniform Requirements for Manuscripts (URM) Submitted to Biomedical Journals” (British Medical
Journal 1991; 302:338-341)]. URM moze da se nade i na internet adresi Medunarodnog komiteta ured-
nika medicinskih ¢asopisa: [The International Committee of Medical Journal Editors (ICMJE) - http://
www.icmje.org].

e Margine: leva margina treba da bude 3,5 cm (1,5 inc¢a), dok sve ostale (desna, gornja i donja)
treba da budu 2,5 cm (1 in¢). Ne bi trebalo da se koristi funkcija za poravnavanje desne ivice tek-
sta! Trebalo bi kucati iskljucivo sa funkcijom left-aligned, uz koriS¢enje fonta Times New Roman
12. Potrebno je ostaviti jedan prazan red izmedu pasusa. Nije potrebno povlaciti prvi red pasusa
u desno! Originalno istrazivanje, revijalni ¢lanci i metaanalize ne bi trebalo da predu 5.000 reci,
za prikaz bolesnika i za rad iz istorije medicine do 3.000 reci, a radovi za ostale rubrike do 1.000
reci, ukljucujudi i strane sa prilozima. Nazivi lekova se moraju oznacavati njihovim generickim
imenima.

» Listovi treba da se obeleze redom, arapskim brojevima, pocevsi od naslovne strane, zaklju¢no sa
zadnjim listom literature. Broj stranice se oznacava u donjem desnom uglu stranice.

Broj autora, koautora i saradnika u ¢lanku je ogranic¢en na Sest. Ukoliko je u pitanju velika
istrazivacka ili multicentri¢na studija, dozvoljen je i ve¢i broj saradnika, uz saglasnost urednistva.

Skracenice ne mogu da se koriste u naslovu i u podnaslovima, a preporucuje se da njihovo ko-
riS¢enje u tekstu izbegnete kad god je to moguce. Ukoliko je skracenica neizbezna, dajte njeno
tumacenje u onom delu teksta gde se prvi put koristi.

Prilozi - ukupan broj priloga (slike, tabele, grafikoni) ne bi trebalo da bude ve¢i od 5, osim u
izuzetnim slucajevima (ako je u pitanju neka nova tehnika koju je neophodno ilustrovati slikama
i slicno). Svaki prilog treba da sadrzi numeraciju i jasan naslov na vrhu, a legendu (objasnjenje
skracenica) ili objasnjenje priloga na dnu. Potrebno je da se prilozi redom numerisu, arapskim
ciframa (1, 2, 3...) i da se oznaci njihovo mesto u tekstu. Sve slike posaljite u formatu JPEG i u
rezoluciji 1024 x 768 piksela. Potrebno je da se svaki prilog posalje na posebnoj stranici.

Pored samog rukopisa, neophodno je poslati i Ugovor o prenosu autorskih prava (koji se moze prona-
¢i na internet adresi: http://sjait.uais.rs/sr/kako-poslati-rad/), kao i Pratece pismo (Cover letter).

Pratece pismo (Cover letter) sadrzi pismo potpisano od strane svih autora, u kome se potvrduje da su
svi autori materijala ucestvovali u njegovoj izradi i da su upoznati/saglasni sa sadrzajem poslate finalne
verzije. U pismu treba posebno da se naglasi da ne postoji konflikt interesa nekog od autora ¢lanka.
Ukoliko se utvrdi da konflikt interesa neosporno postoji, ¢asopis zadrzava pravo da o tome zatrazi i ob-
javi odgovarajucu izjavu autora ili da rukopis ne prihvati za objavljivanje. Cover letter sadrzi i izjavu o
nameri Stampanja u casopisu SJAIT.

Izgled Prateceg pisma (Cover letter) moZete pronaci na internet adresi: http://sjait.uais.rs/sr/kako-po-
slati-rad/.
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Naslovna strana - strana broj 1

Oznacite naslovnu stranu kao stranu 1 Vaseg rukopisa.

Odstampajte naslov VELIKIM SLOVIMA, font 14 bold (capitals), preko sredine strane. Ispod naslo-
va (u zagradi), potrebno je dati skraceni naslov (running title) sa maksimalno 50 karaktera, ukljucujuci
i razmake (space).

Dalje ispod, potrebno je da se odstampaju puna imena i prezimena svih autora. Nije potrebno da se
navode titule niti profesionalni status. Ispod imena autora, treba da se navedu puni nazivi ustanova iz
kojih autori poti¢u. Ustanove numerisati rednim brojevima, koje treba povezati sa imenima autora (u
superskriptu).

Zatim, treba navesti puno ime i prezime, adresu, e-mail, broj telefona i/ili faksa autora koresponden-
ta. Sva dalja prepiska oko korektura, lektorisanja, prepravki rukopisa, itd. obavljace se preko tog autora.
Sve gorenavedene podatke ponoviti na novom listu, ali na engleskom jeziku.

Sazetak - samo za radove koji se u celosti salju na srpskom jeziku (strana 2)

Ne sme da bude duzi od 250 reci. Potrebno ga je zapoceti na prvoj sledecoj strani (strana 2), a za ra-
dove iz kategorije 1 i 2 mora biti strukturisan: Uvod, Metode, Rezultati i Zakljucak. Za kategoriju 4 mora
imati: Uvod, Prikaz slucaja, Zakljuc¢ak. Za kategoriju 3 ne mora biti strukturisan, a u ostalim kategorija-
ma sazetak ne mora da postoji. U sazetku ne bi trebalo koristiti skracenice, niti citirati literaturu.

Na kraju strane 2 potrebno je navesti 3-5 klju¢nih reci na srpskom jeziku. Izmedu kljucnih reci ko-
ristite oznaku tacka sa zapetom (;). Ukoliko niste sigurni u korektnost Vase terminologije klju¢nih reci,
potrazite internet adresu MedLine baze podataka: http://www.ncbi.nlm.nih.gov/PubMed/. Americka
Nacionalna medicinska biblioteka (National Library of Medicine) formirala je MeSH, kontrolisani rec-
nik medicinskih termina, koji se koristi za indeksiranje ¢lanaka uvrstenih u MedLine.

Sumarry - saZetak na engleskom jeziku (strana 3)

Ne sme da bude duzi od 250 reci. Potrebno ga je zapoceti na prvoj sledecoj strani (strana 3) i za radove
iz kategorije 1 i 2 mora biti strukturisan: introduction, methods, results, conclusion. Za kategoriju 4 mora
imati: introduction, case report, conclusion. Za kategoriju 3 ne mora biti strukturisan, a u ostalim kate-
gorijama sumarry ne mora da postoji. U sazetku ne bi trebalo koristiti skracenice, niti citirati literaturu.
Na kraju strane 3 potrebno je navesti 3-5 klju¢nih reci (key words) na engleskom jeziku.

Rukopis - strana 4

Za kategorije 1 i 2 treba da sadrzi sledece delove: uvod, cilj, metodologija, rezultati, diskusija, zaklju-
¢ak, literatura. Rukopis za kategoriju 4 treba da sadrzi: uvod, prikaz slucaja, diskusija, zaklju¢ak. Kod
ostalih kategorija konstrukcija ¢lanka je slobodna i nije obavezan zakljucak, ali su pozeljne kratke za-
klju¢ne napomene sa jasnom porukom.

Pozeljno je da rukopis bude napisan u tre¢em licu, u proslom vremenu, uz izbegavanje pasivnih oblika
glagola. Izbegavati reci stranog porekla (npr. umesto reci engleskog porekla ,,pacijent’, prikladnije je upo-
trebiti srpsku re¢ ,,bolesnik”), kao i zastarele nazive (npr. umesto ,intenzivna nega’, savremenija termi-
nologija je ,jedinica intenzivnog lecenja”). Pozeljno je konsultovati lektora (za srpski i za engleski jezik).

U okviru rukopisa, potrebno je da se podnaslovi formiraju na slede¢i nacin:

e Podnaslovi: Bold italikom uz levu marginu, neposredno iznad pasusa kojem prethodi.

e Uvod: treba da je jasan, da ukazuje na sustinu problema. Potrebno je citirati referentnu literaturu
u kojoj je problem obradivan.
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e Cilj: treba da sadrzi jasno definisan problem istrazivanja.

e Metode: opste poznate metodoloske postupke ne bi trebalo opisivati u detalje, ve¢ usmeriti po-
tencijalnog citaoca na referentne izvore. Ukoliko dajete nov metod ili modifikaciju postojeceg
metoda istrazivanja, trebalo bi da detaljno opisete metod. Neophodno je navesti metode korisce-
ne u statistickoj analizi podataka.

e Rezultati: trebalo bi da budu precizni i jasni, statisticki obradeni. Rezultati merenja treba da se
navode u SI jedinicama. Izuzetak se moZze napraviti kod rezultata merenja krvnog pritiska, koji
se mogu izraziti u mmHg i merenja koli¢ine hemoglobina u krvi (g/dL). Nije pozeljno koristiti
tacke unutar skracenica. Engleske skracenice treba da odgovaraju: Units, Symbols, and Abbrevi-
ations. A Guide for Biological and Medical Editors and Authors, 5th edition (1994), Royal Society
of Medicine Press, 1 Wimpole Street, London W1M 8AE, England, UK.

e Diskusija: Rezultate treba diskutovati i uporediti sa rezultatima iz referentnih izvora. Na osnovu
ucinjenih poredenja, treba izvesti nekoliko klju¢nih zaklju¢aka.

e Zakljucak: treba da bude jasan i da proistekne iz ciljeva i rezultata istrazivanja.
Izjave zahvalnosti (prva sledeca strana)
Ukoliko rukopis ima izjave zahvalnosti, potrebno ih je zapoceti na slede¢oj numerisanoj strani.
Literatura (prva sledeca strana)

Spisak referentne literature potrebno je zapoceti na slede¢oj numerisanoj strani. Reference treba nu-
merisati redom kako se pojavljuju u tekstu. Potrebno je identifikovati reference u: tekstu rada, prilozima
i legendama, pomocu arapskih brojeva, koristiti superscript. Reference koje se pojavljuju samo u tabela-
ma ili legendama vezanim za ilustracije treba numerisati shodno mestu pojavljivanja tabele/ilustracije.
Ukoliko se jedna referenca vise puta spominje u tekstu rada, oznacava se istim brojem. Sazeci (sumarry),
prepiske i neobjavljene studije se ne mogu koristiti kao referentni izvori za navodenje referenci.

Reference se stampaju u obliku prihva¢enom od strane americke Nacionalne medicinske biblioteke
(U. S. National Library of Medicine), a koji se koristi u Index Medicus-u. Vankuverska pravila precizno
utvrduju redosled podataka i znake interpunkcije. U svakoj pojedina¢noj referenci treba navesti inicijale
i prezimena svih autora (ukoliko ih ima $est ili manje). Ako ima viSe od Sest autora, navode se samo prva
tri, posle Cega se pise et al. Posle imena autora navodi se naslov ¢lanka, naslov ¢asopisa, skrac¢en prema
pravilima Index Medicus-a, godina $tampanja, redni broj godista (the volume number), broj prve i po-
slednje stranice referisanog ¢lanka. Iza naslova knjige, navodi se mesto gde je Stampana, izdavac i godina
Stampanja.

Prilozi - tabele, grafikoni (prva sledeca strana)

Svaki prilog je potrebno od$tampati na posebnoj stranici, sa zaglavljem iznad. Naslov priloga treba
da je postavljen iznad priloga (Align text left) sa numeracijom priloga (Tabela broj___), koja se nalazi
ispred naslova priloga. Ispod priloga moze da se od$tampa objasnjenje koje blize odreduje poreklo pred-
stavljenih podataka. Ukoliko prilog sadrzi skracenice, potrebno je da se ispod priloga objasne skracenice
kroz formu legende. U tabelama bi trebalo da se koristi dvostruki prored (double-spaced). Ne treba slati
fotografije snimljenih priloga (tabela i grafikona).

Slike (prva sledecéa strana)

Sve slike posaljite u obliku JPEG u rezoluciji 1024 x 768 pixela.
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Kompjuterska priprema teksta

» Svi tekstualni delovi rada moraju biti unutar jedinstvenog fajla.

« Pokusajte da izbegnete bilo kakvo formatiranje teksta. Drugim recima, ne bi trebalo koristiti
funkciju style Vaseg tekst-procesora.

» Ne bi trebalo da koristite taster: carriage return (enter) za prelazak u novi red teksta unutar jed-
nog pasusa. Treba pustiti da tekst-procesor to sam odradi.

o Treba iskljuciti opciju/funkciju hyphenation.

« Potrudite se da ne koristite 1 (malo L) umesto 1 (jedan), O (veliko o) umesto 0 (nula) ili s (ne-
macko esszett) umesto { (beta).

» Kako biste razdvojili podatke u tabelama, koristite taster: tab, a ne space.

» Ukoliko koristite editor tabela, proverite da se svaki podatak nalazi unutar svoje, jedinstvene
celije. Ne bi trebalo koristiti taster: carriage return unutar Celija.

Recenzija i Korekture

Nakon dobijanja misljenja recenzenata, molimo Vas da u zadatom roku odgovorite na primedbe i/ili
sugestije. Vas odgovor se prosleduje recenzentima i ¢eka se njihova odluka.

Molimo Vas, ukoliko Zelite da Va$ rukopis bude objavljen, da ga pripremite prema uputstvima i u
elektronskom obliku posaljete na slede¢u e-mail adresu: journal.sjait@yahoo.com.

Svoje pismo naslovite na Urednistvo casopisa SJAIT. Sva komunikacija o statusu Vaseg poslatog ruko-
pisa obavljace se putem gorenavedene e-mail adrese.



158 SJAIT 2025/7-8

GUIDE FOR the AUTHORS

Serbian Journal of Anesthesia and Intensive Therapy (SJAIT) is the official publication of the Serbian
Association of Anesthesiologists and Intensivists. The Journal publishes scientific and professional work
on theoretical and clinical aspects of anesthesiology, intensive therapy, resuscitation and pain therapy.
The journal also publishes scientific work from other related scientific disciplines: clinical pharmacolo-
gy, clinical physiology and pathophysiology, surgery, internal medicine, forensic medicine, emergency
medicine and other fields of medicine dealing with problems related to preoperative preparation, anes-
thesia, resuscitation, intensive therapy and pain therapy. The journal is published in Serbian and English.

All articles are reviewed and upon acceptance for publication placed in one of the following categories:

1. Original Article

2. Meta-analyses - a study on studies, presents an analytic-synthetic study of a number of studies
on an important topic, along with an analysis of opposing views and assessment of practical
applicability; it allows recommendations and conclusions on the basis of other people’s data and
must have a clearly formulated conclusion.

3. Review Articles — considers a modern, unresolved or contradictory issue of theoreti-
cal and practical significance, presenting results of personal research or the latest sali-
ent data from the literature. The structure of the article is free and does not necessari-
ly need a conclusion, but short concluding remarks with a clear message are desirable.
These comprise Expert Opinions.

4. Case Reports

5. Letters to the Editor — can refer to articles published in the SJAIT journal, on topics of rel-
evance to medical practice in general, as well as books (monographs) of particular medical
importance. They are written in a free style, with possible reference to data from the literature.
They are published at the discretion of the editor in chief.

6. Reports from Scientific and Professional Meetings — represent a brief overview of the meet-
ing, with an emphasis on the most important papers or conclusions, and recommendations of
relevance to a wider circle of SJAIT readers.

7. Works from the History of Medicine - the structure of the article is free and the conclusion is
not mandatory, but brief concluding remarks with a clear message are desirable.

Authors cannot have the texts accepted for publication in our journal(SJAIT)published elsewhere. By
agreeing to the publication in our journal, the authors grant the right for the permission for reprinting
of their material to the owner of the SJAIT journal.

Articles describing clinical investigations must adhere to the principles of the Declaration of Helsin-
ki. Identification of patients is not allowed either in written material or illustrations. A patient’s written
consent is compulsory for publication of photographic material which engages the patient. If a paper de-
scribes results of experiments on animals, there must be a clear confirmation that the animal treatment
conditions were entirely humane.

Articles in category 1 are to have an approval of the Ethics committee (the institution where the main
author is employed or of a local regulatory agency that deals with ethical issues in the field of research).
Articles in category 4 are to have a signed informed consent by the patient, approving the case report
through the publication in the SJAIT journal.

Received electronically sent manuscripts are first assessed by the technical editor, and if there are
technical errors (failure to comply with the “Guide for Authors”), the manuscript will be immediately
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returned to the corresponding author for the purpose of error corrections. Manuscripts that meet tech-
nical criteria are assessed by the chief editor so as to determine whether their theme fits into the editorial
policy and whether the style and language are intelligible. If a manuscript does not meet these basic
criteria, the editor may reject it for publication before (without) reviewing.

A manuscript is accepted for publication only after the decision has been made by two anonymous
reviewers, who will assess each of the submitted papers.

Authors are required to clearly mark graphic material borrowed from other sources. The submitted
material will not be published unless the author has previously obtained permission to reprint from the
original editor and publisher and has attached it to the manuscript.

Presentation of the manuscripts

Manuscripts should be written in Microsoft Office Word, A4 format. It is necessary to send the man-
uscript text to the editorial board, along with additional illustration / graphic material. Manuscripts
should be prepared in accordance with the “Uniform Requirements for Manuscripts (URM) Submitted
to Biomedical Journals” British Medical Journal 1991; 302:338-341). URM can be found on the Interna-
tional Committee of Medical Journal Editors (ICMJE) web site: http://www.icmje.org.

e Margins: Left margin should be 3.5 cm (1.5 inches), while all others (right, top and bottom)
should be 2.5 cm (1 inch). The function to align text right should not be used! Typing should be
performed withleft-aligned function, and Times New Roman 12 font should be used. It is nec-
essary to leave a blank line between paragraphs. It is not necessary to indent the first line of the
paragraph to the right! Original articles, review articles and meta-analyses should not exceed
5000 words, case reports and works from the history of medicine should have up to 3000 words,
whereas works for other sections up to 1000 words, including pages with appendices. The names
of drugs have to be marked using their generic names.

« Pages should be numbered with consecutive Arabic numerals, beginning with the title page,
ending with the final page of references. The page number is indicated in the lower right corner
of the page.

o The number of authors, co-authors and collaborators in an article is limited to six. If it is a large
research or multi-center study, a larger number of collaborators are allowed, with the consent of
the editorial board.

 Abbreviations should not be used in the title and in subheadings, and they should be avoided
throughout the text, whenever possible. If an abbreviation is inevitable, it is necessary to give its
interpretation, in that part of the text where it is first mentioned.

 Appendices - the total number of appendices (images, tables, graphs) should not exceed 5, save
in exceptional cases (if it is a new technique which requires graphic illustrations and such like).
Each appendix should contain a clear numbering and title at the top, the legend (explanation
of abbreviations) or an explanation of the appendix at the bottom. Appendices should be num-
bered with consecutive Arabic numerals (1, 2, 3...), and their place in the text should be clearly
marked. All figures should be sent in the form of images (JPEG), of 1024 x 768 pixels format.
Each appendix must be sent on a separate page.

In addition to the manuscript, it is necessary to send Copyright Transfer Agreement (you can find it
at the web site: http://sjait.uais.rs/how-to-submit-an article) and Cover Letter (example you can also find
at the web site: http://sjait.uais.rs/how-to-submit-an article)._

The cover letter contains a letter to the Editorial Board signed by all the authors, which confirms that
all the authors have participated in preparing the manuscript and that they are all familiar / agreed with
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the content of the submitted final version. The letter should specifically emphasize that there is no con-
flict of interest of any of the authors. If a conflict of interest undoubtedly exists, the journal reserves the
right to request and publish an appropriate statement of the author or not to accept the manuscript for
publication. The cover letter contains a statement of intent to publish in the SJAIT journal.

Cover Page - (page 1)

Mark the cover page as page 1 of your manuscript.

Print the title in CAPITAL LETTERS, font 14 bold (capitals) in the middle of the page. Under the
title (in parentheses) give the abbreviated title, the so-called running title, of maximum 50 characters
including spaces.

Further below, it is necessary to print the full name of all the authors. It is not necessary to give titles
or professional statuses. Below the authors’ names indicate the full name of the institution they come
from. The institutions should be numbered with ordinal numbers, which should be linked to the names
of the authors (in superscript).

Finally, the full name, address, e-mail, telephone and / or fax of the corresponding author should be
specified. This author is responsible for all further correspondence to do with editing, proofreading, man-
uscript corrections, etc. All of the above information should be rewritten on a new page but in English.

Abstract - a summary in Serbian (page 2) - ONLY FOR SERBIAN LANGUAGE
MANUSCRIPTS

The second page (page 2) should carry an abstract in Serbian. It should not be more than 250 words.
Abstracts of manuscripts from categories 1 and 2 should be structured as follows: Introduction, Meth-
ods, Results, and Conclusion. For category 4 it must have: Introduction, Case Report, and Conclusion.
Abstracts of manuscripts from category 3 do not need to be structured, and for other categories the ab-
stract is optional. Abbreviations should not be used in the abstract, nor should it cite references.

At the end of page 2 it is necessary to provide 3-5 key words in Serbian.

Between key words semicolon (;) should be used. If you are not sure of the accuracy of the keywords
terminology, please visit the MedLine database web address: http://www.ncbi.nlm.nih.gov/pubmed/.
United States National Library of Medicine has generated MeSH, a controlled vocabulary of medical
terms, which is used for indexing articles grouped in MedLine.

Summary - a summary in English (page 3)

The third page (page 3) should carry an abstract in Serbian.It should not be longer than 250 words.
Summaries of manuscripts from categories 1 and 2 should be structured as follows: Introduction, Meth-
ods, Results, and Conclusion. For category 4 it must have: Introduction, Case Report, and Conclusion.

Summaries of manuscripts from category 3 do not need to be structured, and for other categories the
summary is optional. Abbreviations should not be used in the summary, nor should it cite references.

At the end of page 3 it is necessary to provide 3-5 key words in English.

Manuscript (page 4)

For categories 1 and 2 the manuscript should contain the following sections: Introduction, Objective,
Methodology, Results, Discussion, Conclusion, References. The manuscript for category 4 should contain:
Introduction, Case Report, Discussion, and Conclusion. For other categories the manuscript structure is
loose and the conclusion is optional, but short concluding remarks with a clear message are desirable.

Preferably, the manuscript should be written in the third person, in the past tense and avoid passive
constructions. Avoid words of foreign origin as well as outdated terms (e.g. Instead of “intensive care”
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use more modern terminology “intensive care unit”). It is desirable to consult a proof-reader or copy
editor (in Serbian and English).
Within the manuscript subheadings should be formed as follows:

» Subtitles: Bold italics along the left margin, just above the paragraph they precede.

e Introduction: should be clear and point to the crux of the problem. It is necessary to cite refer-
ence literature where the problem has been addressed.

e Objective: should contain clearly defined research problem.

o Methods: universally known methodological procedures should not be described in detail; di-
recting a potential reader to reference sources will suffice. If you are giving a new method or a
modification of an existing research method, the method needs to be explained in detail. It is
necessary to specify the methods used in the statistical analysis of data.

e Results: should be precise and clear, statistically analyzed. The measurement results should be
given in SI units. An exception can be made when results of measurements of blood pressure
are given, which can be expressed in mmHg and measuring of the amount of hemoglobin in the
blood (g/dL). It is not advisable to use fullstops within an abbreviation. English abbreviations
should comply with: Units, Symbols and Abbreviations. A Guide for Biological and Medical Edi-
tors and Authors, 5th edition (1994), Royal Society of Medicine Press, 1 Wimpole Street, London
WIM 8AE, England, UK.

e Discussion: It is necessary to discuss results and compare them with results from reference
sources. According to comparisons made, it is necessary to draw several important conclusions.

e Conclusion: should be clear and drawn from the research objectives and results.
Acknowledgements (first following page)
If there are acknowledgements, they should start on the next numbered page.
References (first following page)

The list of reference literature should begin on the next numbered page. References should be num-
bered in the order they appear in the text. It is necessary to identify references: in the manuscript text,
appendixes and legends with Arabic numerals using the “superscript” References that appear only in
tables or legends relating to illustrations should be numbered according to where the table / illustration
is given. If a reference is mentioned several times in the text, it is marked with the same number. Summa-
ries, correspondence and unpublished studies cannot be used as a reference source for citing references.

References are printed in the form accepted by the United States National Library of Medicine, which
is used in Index Medicus. Vancouver style citations precisely determine the order of data and punctua-
tion marks. Every individual reference should give the initials and surnames of all authors (if there are
six or fewer). If there are more than six, only the names of the first three authors are given, and after that
you should put et al. After the names of the authors you should enter the article title, the journal title
abbreviated according to Index Medicus, the year of publication, the volume number, and the numbers
of first and last pages of the referred article. When citing a book, after its title you should put place of
publication, publisher and year.

Appendices (tables, graphs) (first following page)

Each appendix should be printed on a separate page with the header above. The appendix title should
be placed above the appendix (Align text left), with the appendix number (Table __) which is placed
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before the appendix title. Below the appendix, an explanation can be printed that will give more detail on
the origin of the data presented. If the appendix contains abbreviations, it is necessary to explain them
below the appendix in the form of legend. Double-spacing should be used in tables. You should not send
photos of recorded reports (tables and graphs).

Figures (first following page)
All figures should be sent in JPEG format, of 1024 x 768 pixels resolution.
Text presentation

o All parts of the text should be in a single file.

o Try to avoid any formatting. In other words, you should not be using your word processor “style”
function.

« You should not be using “carriage return” (enter) to proceed to a new line of the text within a
single paragraph. Text-processor should perform it automatically.

o It is necessary to disable “hyphenation” option / function.

e Be sure not to use | (lower case L) instead of 1 (one), O (capital o) instead of 0 (zero) or 8 (Ger-
man eszett) instead of 3 (beta).

« To separate data in tables, use the “tab’, not “space”

« If you use table editor, make sure that each item is within its single cell. You should not use “car-
riage return” within cells.

Review and Correction

Upon receiving the review, please respond in a timely manner to the reviewers’ comments and / or
suggestions. Your reply will be sent to the reviewers and their decision is then awaited.

If you would like to have your manuscript published, you are kindly asked to prepare it according to
the instructions, and send it in electronic form to the following e-mail address: journal.sjait@yahoo.com.

Your letter should be addressed to SJAIT Editorial Board. The whole communication concerning the
status of the sent manuscript will be carried out through the above e-mail address.



