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Introduction

Pain was identified as the fifth vital sign and this leads to opioid over-
prescription and misuse, with addiction reaching epidemic proportions [1] and 
constitute serious public health concern, so surgeons and specialists dealing 
with pain management must critically define optimal pain management [2]. 
Identification and management of pre-existing psychosocial factors, co-
morbid pain entities and chronic opioid use significantly affect postoperative 
(PO) pain severity [3].

In addition to addiction, intense nociceptive stimulation and high-dose 
opioid administration can result in hyperalgesia and chronic postsurgical 
pain [4]. Other short term opioid-related adverse events include PO nausea 
and vomiting (PONV), constipation, itching, sedation, drowsiness, dizziness, 
and respiratory depression, may disturb PO recovery and extend the duration 
of PO hospital stay [5].

Balanced general anesthesia creates the anesthetic state through the 
administration of different drugs together so as to reduce doses used than 
if the drug was used alone though expanding the likelihood of its wanted 
effects and minimizing the likelihood of its unwanted effects (6).  

Opioid-free anesthesia is a new paradigm that can deliver safe and stable 
anesthesia without intraoperative (IO) opioid to patients undergoing various 
surgical procedures [7] and as a part of Enhanced Recovery after Surgery 
(ERAS) pathway for lumbar spinal decompression [8], gynecological and 
breast surgeries [9] and bariatric surgery [10] to minimize perioperative 
opioid exposure without affecting pain control or recovery [8].

Ketamine, a phencyclidine intravenous anesthetic [11], isa racemicmixture 
consisting of (S)- and (R)-ketamine [12] that blocks N-methyl-d-aspartate 
(NMDA) receptors and hyperpolarization-activated, cyclic nucleotide-gated 
channels in the CNS [11]. Ketamine is largely used as an anesthetic, but it can 
also be used as an analgesic to manage chronic pain symptoms [13]. 
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Evaluation of anesthetic and surgical outcome on using a combination of 
ketamine and lidocaine for induction of anesthesia and as intraoperative 
analgesia in comparison to fentanyl.

Patients and Methods

120 males assigned to undergo unilateral inguinal hernia repair requiring 
operative time less than 60 minutes were randomly divided into two groups: 
Group F received induction using fentanyl 1-2 ug/kg and intraoperative 
analgesia as a loading dose of fentanyl (1 μg/kg) over 1 minute followed by 
a continuous infusion of 0.3 μg/kg/h. Group L received induction by boluses 
of ketamine (0.5 mg/kg) and lidocaine (1 mg/kg) and intraoperative analgesia 
using a bolus dose of ketamine (0.5 mg/kg) and lidocaine infusion at a rate 
of 2 mg/kg/h. 

Results

During the operative time, 28 and 79 patients had decreased mean arterial 
pressure by >20% and <20% of preoperative mean arterial pressure value, 
respectively with non-significant difference between both groups. Thirteen 
patients had an episode of increased mean arterial pressure up to <10% of 
preoperative mean arterial pressure with a significantly higher incidence 
in group L. At 30-min mean arterial pressure, both heart rate and mean 
arterial pressure measurements were significantly higher in patients of 
group L. Patients of group L had significantly faster post-anesthetic care unit 
discharge, but shorter time till the first request of rescue analgesia. 

Conclusion

The applied intraoperative analgesia using ketamine and lidocaine infusion 
is a possible alternative for intraoperative fentanyl for short-duration surgical 
procedures. Usage of intraoperative ketamine/lidocaine infusion improved 
recovery parameters and reduced post-procedural complications with a short-
duration postoperative hospital stay.
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patients, age out of the defined range, ASA grade >II, surgical indications 
requiring operative time >60 min as presence of obstructed or strangulated 
hernia, or other synchronous pathology that may require interference. Also, 
patients had allergy to anesthetic or drugs to be used, diabetes mellitus, 
hypertension, cardiac, renal, hepatic diseases, or refusal to sign the consent 
for participation were also excluded from the study. 

Patients satisfying the consideration criteria were randomly designated into 
two equal groups. Each patient was asked to choose a sealed dark envelope 
containing a card carrying the group label. These envelops were previously 
prepared by an assistant who was blinded about the significance of the labels. 

One-hundred and sixty one eligible patients were evaluated; forty one 
patients were excluded for not fulfilling the inclusion criteria;  7 patients had 
irreducible and 5 had manifestations of strangulated hernia, 6 patients were 
diabetics, 7 patients were hypertensive, 4 had chest diseases, 4 were hepatic 
patients and two patients had past history of allergy to volatile anesthetics. 
Also, 6 patients refused to participate in the study and were excluded. All 
surgeries were performed by a single team of surgeons.

One hundred and twenty patients who fulfilled the inclusion criteria were 
randomly divided into two equal groups: Group F included patients who will 
receive fentanyl during induction and maintenance of anesthesia and Group 
L included patients who will receive ketamine and lidocaine during induction 
and maintenance of anesthesia (Figure 1). Patients’ enrolment data showed 
non-significant (p>0.05) difference between both groups (Table 1).

Local lidocaine anesthesia can influence local and systemic inflammatory 
response to surgery with reduction of plasma levels of pro-inflammatory 
cytokines with nociceptive action as interleukin-6, and tumor necrosis 
factor-α [14]. Intravenous (IV) lidocaine provided successful relieve of acute 
intractable renal colic unresponsive to standard therapy [15]. Moreover, IV 
lidocaine has analgesic effects that may lead to reduced PO opiate need, but 
this effect is still debated in various surgical populations [16].

The objective of the study is evaluation of anesthetic and surgical outcome, 
duration of PO analgesia on using combination of ketamine and lidocaine in 
comparison to fentanyl for induction and during maintenance of anesthesia

Patients and Methods

The study is a prospective comparative clinical trial. The protocol was 
approved by the Local Ethical Committee and was applied between January 
2018 and July 2019 in Ain Shams University hospitals. All male patients 
assigned to undergo unilateral inguinal hernia repair requiring operative 
time of less than 60 minutes were eligible for evaluation for inclusion and 
exclusion criteria. This study is registered in clinicaltrials.gov number 
NCT03806374

All eligible patients underwent determination of demographic data, clinical 
evaluation to determine the American Society of Anesthesiologist (ASA) 
grade, baseline heart rate (HR), mean arterial pressure (MAP), respiratory 
rate (RR) and peripheral oxygen saturation. Inclusion criteria included male 
patients aged 18-55 years, American society of anesthesiologists (ASA) 
grade of I or II, and were admitted to undergo open unilateral hernia repair 
requiring operative time of <60 minutes. Exclusion criteria included female

Figure 1: Flow Chart of the Study

Table (1): Enrolment Data of Patients of both Groups

Data are presented as mean±SD; numbers and percentages; group F received fentanyl 
infusion; Group L received ketamine and lidocaine infusion; P value indicates the 
significance of difference between both groups; P value >0.05 indicates non-significant 
difference between both groups

Data
Age (year)
Weight (kg)
Height (cm)
Body mass index (Kg/m2)

Group F Group L P value

38±9.1 36±7 0.352

81.8±6.7 84.4±7.4 0.595

169.4±4 169.6±3.3 0.661

28.5±2.6 29.4±2.8 0.492

ASA grade I 49 (81.7%) 45 (75%) 0.375

II 11 (18.3%) 15 (25%)
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All patients were pre-medicated with midazolam (0.05 mg/kg), 2 min before 
induction of anesthesia. For patients of group F, anesthesia was induced 
using propofol 2 mg/kg, fentanyl 1-2 μg/kg, and cisatracurium 0.15 mg/kg. 
For patients of group L, anesthesia was induced using propofol 2 mg/kg, 
ketamine bolus injection of 0.5 mg/kg, a bolus injection of lidocaine in a dose 
of 1 mg/kg, and cisatracurium 0.15 mg/kg. 

For both groups, after tracheal intubation, the lungs were ventilated with 
100% O2 in air using a semi-closed circle system for a tidal volume of 6-8 
ml/kg, and the ventilatory rate was adjusted to maintain an end-tidal carbon 
dioxide (paCO2) of 32-35 mmHg. Patients were continuously non-invasively 
monitored for MAP and HR and balanced anesthesia was maintained with 
sevoflurane MAC 1 in order to keep MAP with at ±20% of the preoperative 
measure and cisatracurium supplemental doses were given according to 
patient’s physiological reaction to surgical stimuli. 

Intraoperative analgesia was provided immediately after tracheal intubation;  
for patients of group F, IO analgesia was provided as a loading dose of 
fentanyl (1 μg/kg) over 1 minute followed by a continuous infusion of 0.3 
μg/kg/h, while patients of group L had received a bolus dose of ketamine (0.5 
mg/kg) and lidocaine infusion was started at rate of 2 mg/kg/h. Fentanyl and 
lidocaine infusions were adjusted according to need to reduce surgical stress 
effect on BP measures and were stopped prior to wound closure. At the end 
of surgery, residual neuromuscular blockade was reversed with intravenous 
injection of neostigmine 0.05 mg/kg with atropine 0.02 mg/kg IV, patients 
were extubated and transferred to the post-anesthetic care unit (PACU). At 
PACU, oxygen saturation was monitored using pulse oximetry and oxygen (6 
L/min) was administrated via a face-mask if indicated. PACU discharge was 
dependent on Aldrete recovery score that ranges from 0 (comatose patients) 
to 10 (complete recovery), patients were discharged at score of ≥ 8 [17].  

Severity of PO pain was assessed using an 11-point numeric rating scale 
(NRS) with numbers from 0 to 10 where 0 indicates no pain and 10 indicates 
worst pain imaginable [18]. PO pain was assessed at time of PACU discharge 
and 4-hourly till hospital discharge. Duration of PO analgesia was defined as 
time till first request of rescue analgesia that was supplied as IV parecoxib 
(20 mg diluted in 5 cc saline). Frequency of requests of rescue analgesia was 
also determined.

Primary outcome is the ability of IO analgesia to control MAP changes in 
reflex to surgical stress.
Secondary outcomes included
1. IO mean HR and MAP determined before and after intubation and every 
15-min thereafter till extubation and at time of extubation.
2. Duration of surgery and time till fulfilling criteria for PACU discharge
3. Recurrence of demands  of rescue analgesia, time till first ambulation, PO 
complications and PO hospital stay.

Statistical Analysis 

With the assumption that postoperative analgesia will decline by 20 % in 
patients of Group L with confidence interval 95% and margin of errors 5%, the 
minimum number of patients needed was 55 patients in each group. Obtained 
data were presented as mean±SD, numbers, percentages and median. Results 
were analyzed using paired t-test for intra-group comparisons, One-way 
ANOVA Test for intergroup comparisons, Mann-Whitney test and Chi-square

Hemodynamic measurements showed significant IO variability in patients 
of both groups in relation to their preoperative measurements with non-
significant differences between both groups throughout operative time and 
at times of intubation and extubation, apart from measurements determined 
at 30-min IO when both HR and MAP measurements were significantly 
(0.0305 & 0.017, respectively) higher in patients of group L in comparison to 
patients of group F (Table 3)

test (X2 test) for non-parametric results. Statistical analysis was conducted 
using the IBM SPSS (Version 23, 2015; IBM, South Wacker Drive, Chicago, 
USA) for Windows statistical package. P value <0.05 was considered 
statistically significant.

Results

Collectively, the difference in incidence of MAP deviation from preoperative 
MAP value was non-significant between both groups. During operative time, 
28 patients (23.3%) had decreased MAP by >20% of the preoperative MAP; 
16 patients (26.7%) in group F and 12 patients (20%) in group L with non-
significantly (p=0.388) higher incidence among patients of group F. Thirteen 
patients (10.8%) had an episode of increased MAP, but the increase was by 
<10% of the preoperative MAP, 3 patients in group F and 10 patients (16.7%) 
in group L with significantly (p=0.0398) higher incidence in group L. The 
remaining 79 patients (65.8%) had decreased intraoperative MAP by <20% 
(Table 2).

Time MAP 
change

Extent of 
change

Group F Group L P 
value

15-
min

Decrease by <10% 19 
(31.7%)

21 (35%) 0.905

10-<20% 37 
(61.6%)

33(55%)

>20% 4 (6.7%) 4 (6.7%)

Increase by <10% 0 2 (3.3%)

10-<20% 0 0

30-
min

Decrease by <10% 17 
(28.3%)

21 (35%) 0.326

10-<20% 37 
(61.7%)

32 
(53.3%)

>20% 6 (10%) 3 (5%)

Increase by <10% 0 4 (6.7%)

10-<20% 0 0

45-
min

Decrease by <10% 24 (40%) 18 (30%) 0.205

10-<20% 29 
(48.3%)

31 
(51.7%)

>20% 6 (10%) 5 (8.3%)

Increase by <10% 1 (1.7%) 6 (10%)

10-<20%

Table (2): Extent of Intraoperative MAP change in Relation to 
Preoperative MAP in Patients of both Groups

Data are presented as numbers & percentages; group F received fentanyl 
infusion; Group L received ketamine and lidocaine infusion; P value 
indicates the significance of difference between both groups; P value 
>0.05 indicates non-significant difference between both groups.
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All surgeries were conducted uneventfully within a mean operative time 
of 44.9±6.2; range: 30-55 min with non-significant (p=0.291) difference 
between both groups. Patients of group L had fulfilled criteria for PACU 
discharge significantly (p=0.0049) faster than patients of group F.  Fourteen 
patients did not require PO analgesia, 63 patients requested PO analgesia once, 
40 patients requested PO analgesia two times and only 3 patients had three 
requests of PO analgesia with non-significant (p=0.762) difference between 
both groups. On the other hand, time till 1st request of rescue analgesia was 

significantly (p=0.034) longer with fentanyl than with lidocaine. However, 
the determined mean NRS scores, throughout PO hospital stay, showed 
non-significant (p=0.077) difference between both groups. Time till first 
ambulation was significantly (p=0.039) shorter in group L than in group 
F. The incidence of post-procedural complications was non-significantly 
(p=0.125) lower in group L than in group F and time till first ambulation 
and duration of PO hospital stay were significantly shorter in group L than 
in group F (Table 4).

Variable Time Group F Group L P value

HR 
(beats/min)

Preoperative 82.3±3.9 81.3±4.8 0.074

Before induction 76±4.2 75.5±4.1 0.513

At time of intubation 88.3±3.9 88.7±4.8 0.618

15-min IO 73.9±5.8 75.5±5.3 0.107

30-min IO 72.2±4.8 74.3±5.6 0.0305

45-min IO 74.1±6 74.2±4.5 0.946

At time of extubation 83±5.7 82.3±4.3 0.461

MAP 
(mmHg)

Preoperative 90.3±4.9 91.6±6.5 0.228

Before induction 80.6±5.1 81.9±6 0.212

At time of intubation 91.3±5.4 93.1±5.8 0.097

15-min IO 79.6±4.2 81.3±6.5 0.345

30-min IO 79±5.1 81.4±5.6 0.017

45-min IO 79.7±3.7 81±5.3 0.136

At time of extubation 91.9±3.7 92.7±6.4 0.406

Table (3): Intraoperative HR and MAP Measurements in Patients of both Groups

Data are presented as mean±SD; group F received fentanyl infusion; Group L received ketamine and lidocaine infusion; 
HR: Heart rate; MAP: Mean arterial pressure; IO: intraoperative; P value indicates the significance of difference between 
both groups; P value <0.05 indicates significant and >0.05 indicates non-significant difference between both groups

Enliven Archive | www.enlivenarchive.org

	
	
2021 | Volume 8| Issue 14



Group F Group L P value

Operative time (min) 45.5±5.8 44.3±6.5 0.291

Time till PACU discharge (min) 18.9±4.7 16.6±4 0.0049

Number of requests 
of rescue analgesia

No 8 (13.3%) 6 (13.3%) 0.762

One 33 (55%) 30 (50%)

Two 18 (30%) 22 (36.7%)

Three 1 (1.7%) 2 (3.3%)

Median 1 (IQR: 1-2) 1 (IQR: 1-2) 0.795

Time till first request of rescue analgesia (h) 4.7±1.4 4.1±1.4 0.034

PO pain NRS 
scores determined 
after PACU dis-

charge

0-time 1.33±1 1.6±1.06 0.111

2-h 2.22±1.15 2.27±1.25 0.819

4-h 2.43±1.17 2.5±1.19 0.757

6-h 2.15±1.13 2.3±1.12 0.468

8-h 2.34±1.15 2.23±1.18 0.879

10-h 2.62±1.33 3±1.8 0.624

12-h 2±1.73 1.5±0.7 0.098

Collective score 1.88±0.4 2±0.45 0.077

Time till first ambulation (min) 175.2±29.3 162.3±37.6 0.039

Post-procedure 
complications

Nausea 6 (10%) 2 (3.3%)

0.125
Vomiting 2 (3.3%) 1 (1.7%)

Itching 3 (5%) 0

Agitation 1 (1.7%) 3 (5%)

PO hospital stay (h) 8.5±1.35 8.1±1.1 0.029

Table (4): Operative and PO Data of Patients of both Groups

Data are presented as mean±SD; numbers & percentages; group F received fentanyl infusion; Group L received 
ketamine and lidocaine infusion; PACU: Post-anesthetic care unit; NRS: Numeric rating scale; PO: Postoperative; 
P value indicates the significance of difference between both groups; P value <0.05 indicates significant and >0.05 
indicates non-significant difference between both groups

significant improvement. Also, Tran and Dhillon [23] reported significant 
relief of acute pain secondary to opioid-induced bowel dysfunction using 
LI and concluded that it may be an effective, but underutilized multimodal 
adjunct for nonsurgical pain conditions. Recently, Kheirabadi et al. [24] 
in a placebo-controlled study found that prophylactic administration of IV 
dexamethasone and lidocaine provided similar stable hemodynamic and 
respiratory conditions during surgical time with no significant difference in 
respiratory complications, pain score and vomiting incidence.

The reported effects of the used regimen could be attributed to the varied 
mechanism of analgesic action of ketamine and lidocaine. The reported 
analgesic and opioid sparing of lidocaine was previously attributed to 
inhibition of phosphorylation of Ca2+/calmodulin-dependent protein 
kinase II and protein expression levels in somatosensory cortical neurons 
[25] orto its inhibition of glutamate release from presynaptic terminals in 
spinal substantiagelatinosa neurons with concomitant hyper-polarization of 
postsynaptic neurons by membrane potential shifting leading to decreased 
excitability of spinal dorsal horn neurons [26]. Also, clinical trials suggested 
that perioperative LI may be a useful analgesic adjunct in enhanced recovery 
protocols due to its immuno-modulatory properties over surgical stress and 
so suggested its use in the context of multimodal analgesia [27].

Discussion

Surgical stress induced MAP deviation away from the preoperative measures 
to varied extents, however both infusions could ameliorate these pressor 
effects where 79 patients (65.8%) had decreased intraoperative MAP 
by <20% and 28 patients (23.3%) had decreased MAP by >20% of the 
preoperative MAP with non-significant difference between both groups. 

These findings point to a favorable effect of regimen used for patients of 
group L, who received a bolus of ketamine and a lidocaine infusion (LI) and 
go in hand with Forster et al. [19] who found LI resulted in 50% reduction 
in propofol dose requirements during colonoscopy and Nakhli et al. [20] 
who reported reduction of volatile anesthesia and IO opioid consumption 
during renal surgery and concluded that IO lidocaine infusion could provide 
effective strategy especially in low and middle income countries. Also, 
Sakata et al. [21] reported that perioperative LI during bariatric surgery under 
sevoflurane anesthesia is feasible and easily accessible and allows reduction 
of IO sevoflurane and PO morphine consumption.

In support of the efficacy of LI, Kim et al. [22] found LI during anesthesia 
led to better quality of PO recovery measured by QoR-40 compared with 
placebo, while magnesium was found to be insufficient to induce any
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Ketamine has myriad of molecular and cellular mechanisms responsible 
for its pharmacological functions including pain relief [28]. Ketamine is 
an antagonist for N-methyl-D-aspartate receptors [11], increases signaling 
through α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors 
[12] and can regulate function of opioid receptors and sodium channels [13]. 
Additionally, ketamine exerts an anti-inflammatory effect through blocking 
of NMDA receptors [29].

Fentanyl infusion significantly reduced the hypertensive episodes than 
lidocaine (3 versus 10, respectively), but this was predicted effect owing to 
its documented effects on cardiac function [30] and was evidenced by the 
higher incidence of decreased MAP by >20% and by 10-20% with fentanyl 
more than with lidocaine.

Concerning PO outcome, both fentanyl and lidocaine infusions allowed 
reduction of number of requests of rescue analgesia with non-significantly 
lower frequency with fentanyl infusion, however patients received fentanyl 
infusion requested for PO analgesia after significantly longer PO time and 
this could be attributed to maintained plasma fentanyl concentration for 
about 60 min after a bolus injection and was higher if infusion was given 
after bolus injection [31].

Lidocaine infusion improved patients’ outcome as manifested by the 
significantly reduced duration of PACU stay, time till first ambulation and 
duration of hospital stay. This could be attributed to the lower frequency of 
PONV and absence of sedation that may require prolonged hospital stay to 
fulfill criteria of home discharge. These data are in line with multiple studies 
evaluated perioperative IV lidocaine during varied surgical procedures and 
found IV lidocaine improved the immediate post-colonoscopy pain and 
fatigue [20], allows reduction of PO morphine consumption after bariatric 
surgery [22], reduced PONV and supported early recovery after laparoscopic 
gynecological surgery [32] and improved PO analgesia and bowel function 
after open radical cystectomy with urinary diversion [33].

Conclusion

The applied IO analgesia using ketamine and LI is a possible alternative for 
IO fentanyl for short-duration surgical procedures. Usage of IO ketamine/LI 
improved recovery parameters and reduced post-procedural complications 
with short-duration PO hospital stay. We recommend that randomized 
comparative multi-center studies are mandatory to standardize the used 
analgesic regimen

Limitations

The applied IO analgesic regimen was used for patients undergoing hernia 
repair to standardize the severity of surgical stress, however, the regimen to 
be standardized needs to be applied for variant surgical procedures.

3. Echeverria-Villalobos M, Stoicea N, Todeschini AB, Fiorda-Diaz J, 
Uribe AA, Weaver T, et al. Enhanced Recovery After Surgery (ERAS): 
A Perspective Review of Postoperative Pain Management Under ERAS 
Pathways and Its Role on Opioid Crisis in United States. Clin J Pain. 2019. 
36: 219-226. 

4. Fletcher D, Martinez V. Opioid-induced hyperalgesia in patients after 
surgery: a systematic review and a meta-analysis. Br J Anaesth. 2014. 112: 
991-1004. 

5. Cho E, Kim DH, Shin S, Kim SH, Oh YJ, Choi YS. Efficacy of 
Palonosetron-Dexamethasone Combination Versus Palonosetron Alone for 
Preventing Nausea and Vomiting Related to Opioid-Based Analgesia: A 
Prospective, Randomized, Double-blind Trial. Int J Med Sci. 2018. 15: 961-
968.

6. Brown EN, Pavone KJ, Naranjo M. Multimodal General Anesthesia: 
Theory and Practice. Anesth Analg. 2018. 127: 1246-1258. 

7. Lavand’homme P, Steyaert A. Opioid-free anesthesia opioid side effects: 
Tolerance and hyperalgesia. Best Pract Res Clin Anaesthesiol. 2017. 31: 
487-498.

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

9. Mulier JP. Is opioid-free general anesthesia for breast and gynecological 
surgery a viable option? Curr Opin Anaesthesiol. 2019. 32: 257-262.

10. Mulier JP, Dillemans B. Anaesthetic Factors Affecting Outcome After 
Bariatric Surgery, a Retrospective Levelled Regression Analysis. Obes Surg. 
2019, 29: 1841-1850.

11. Riddell JM, Trummel JM, Onakpoya IJ. Low-dose ketamine in painful 
orthopaedic surgery: a systematic review and meta-analysis. Br J Anaesth. 
2019, 123: 325-334. 

12. Zanos P, Moaddel R, Morris PJ, Riggs LM, Highland JN, Georgiou 
P, et al. Ketamine and Ketamine Metabolite Pharmacology: Insights into 
Therapeutic Mechanisms. Pharmacol Rev. 2018, 70: 621-660. 

13. Petrocchi JA, de Almeida DL, Paiva-Lima P, Queiroz-Junior C, Caliari 
MV, Duarte IDG, et al.: Peripheral antinociception induced by ketamine is 
mediated by the endogenous opioid system. Eur J Pharmacol. 2019. 865: 
172808. 

14. Matas M, Sotošek V, Kozmar A, Likić R, Sekulić A. Effect of local 
anesthesia with lidocaine on perioperative proinflammatory cytokine levels 
in plasma and cerebrospinal fluid in cerebral aneurysm patients: Study 
protocol for a randomized clinical trial. Medicine (Baltimore). 2019, 98: 
e17450. 

References

1. Nassif GJ, Miller TE. Evolving the management of acute perioperative 
pain towards opioid free protocols: a narrative review. Curr Med Res Opin. 
2019, 35: 2129-2136. 

2. Ellis JL, Higgins AM, Simhan J. Pain management strategies in penile 
implantation. Asian J Androl. 2020, 22: 34-38. 

Enliven Archive | www.enlivenarchive.org

	
	
2021 | Volume 8| Issue 16

https://pubmed.ncbi.nlm.nih.gov/31868759/
https://pubmed.ncbi.nlm.nih.gov/31868759/
https://pubmed.ncbi.nlm.nih.gov/31868759/
https://pubmed.ncbi.nlm.nih.gov/31868759/
https://pubmed.ncbi.nlm.nih.gov/31868759/
https://pubmed.ncbi.nlm.nih.gov/24829420/
https://pubmed.ncbi.nlm.nih.gov/24829420/
https://pubmed.ncbi.nlm.nih.gov/24829420/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6036163/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6036163/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6036163/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6036163/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6036163/
https://pubmed.ncbi.nlm.nih.gov/30252709/
https://pubmed.ncbi.nlm.nih.gov/30252709/
https://pubmed.ncbi.nlm.nih.gov/29739537/
https://pubmed.ncbi.nlm.nih.gov/29739537/
https://pubmed.ncbi.nlm.nih.gov/29739537/
https://pubmed.ncbi.nlm.nih.gov/30933925/
https://pubmed.ncbi.nlm.nih.gov/30933925/
https://pubmed.ncbi.nlm.nih.gov/30933925/
https://pubmed.ncbi.nlm.nih.gov/30933925/
https://pubmed.ncbi.nlm.nih.gov/31045633/
https://pubmed.ncbi.nlm.nih.gov/31045633/
https://pubmed.ncbi.nlm.nih.gov/30879241/
https://pubmed.ncbi.nlm.nih.gov/30879241/
https://pubmed.ncbi.nlm.nih.gov/30879241/
https://pubmed.ncbi.nlm.nih.gov/31327465/
https://pubmed.ncbi.nlm.nih.gov/31327465/
https://pubmed.ncbi.nlm.nih.gov/31327465/
https://pubmed.ncbi.nlm.nih.gov/29945898/
https://pubmed.ncbi.nlm.nih.gov/29945898/
https://pubmed.ncbi.nlm.nih.gov/29945898/
https://pubmed.ncbi.nlm.nih.gov/31738939/
https://pubmed.ncbi.nlm.nih.gov/31738939/
https://pubmed.ncbi.nlm.nih.gov/31738939/
https://pubmed.ncbi.nlm.nih.gov/31738939/
https://pubmed.ncbi.nlm.nih.gov/31626100/https:/www.ncbi.nlm.nih.gov/pubmed
https://pubmed.ncbi.nlm.nih.gov/31626100/https:/www.ncbi.nlm.nih.gov/pubmed
https://pubmed.ncbi.nlm.nih.gov/31626100/https:/www.ncbi.nlm.nih.gov/pubmed
https://pubmed.ncbi.nlm.nih.gov/31626100/https:/www.ncbi.nlm.nih.gov/pubmed
https://pubmed.ncbi.nlm.nih.gov/31626100/https:/www.ncbi.nlm.nih.gov/pubmed
https://pubmed.ncbi.nlm.nih.gov/31315466/
https://pubmed.ncbi.nlm.nih.gov/31315466/
https://pubmed.ncbi.nlm.nih.gov/31315466/
https://pubmed.ncbi.nlm.nih.gov/31464206/
https://pubmed.ncbi.nlm.nih.gov/31464206/


15.  Sin B, Cao J, Yang D, Ambert K, Punnapuzha S. Intravenous Lidocaine 
for Intractable Renal Colic Unresponsive to Standard Therapy. Am J Ther. 
2019, 26: e487-e488. 

16. Herzog J, Schou M, Jensen KM, Lauridsen JT, Jensen AG. A randomised 
controlled trial of lidocaine infusion on post-operative opioid consumption 
in patients undergoing robotic colorectal surgery.  Dan Med J. 2020, 67: 
A06190342.

17. Ghai B, Grandhe RP, Kumar A, Chari P. Comparative evaluation of 
midazolam and ketamine with midazolam alone as oral premedication. 
Paediatr Anaesth. 2005. 15: 554-559.

18. Williamson A, Hoggart B. Pain: a review of three commonly used pain 
rating scales. J ClinNurs. 2005, 14: 798-804.

19. Forster C, Vanhaudenhuyse A, Gast P, Louis E, Hick G, Brichant JF, et 
al. Intravenous infusion of lidocaine significantly reduces propofol dose for 
colonoscopy: a randomised placebo-controlled study. Br J Anaesth. 2018, 
121: 1059-1064. 

20. Nakhli MS, Kahloul M, Guizani T, Zedini C, Chaouch A, Naija W. 
Intravenous lidocaine as adjuvant to general anesthesia in renal surgery. 
Libyan J Med. 2018, 13: 1433418.

21. Sakata RK, de Lima RC, Valadão JA, Leal PC, Moura EC, Cruz VP, et al. 
Randomized, Double-Blind Study of the Effect of Intraoperative Intravenous 
Lidocaine on the Opioid Consumption and Criteria for Hospital Discharge 
After Bariatric Surgery. Obes Surg. 2020, 30: 1189-1193.

22. Kim MH, Kim MS, Lee JH, Kim ST, Lee JR. Intravenously Administered 
Lidocaine and Magnesium during Thyroid Surgery in Female Patients for 
Better Quality of Recovery after Anesthesia. Anesth Analg. 2018, 127: 635-
641. 

23. Tran BW, Dhillon SK. Continuous Intravenous Lidocaine as an Effective 
Pain Adjunct for Opioid-Induced Bowel Dysfunction: A Case Report. A A 
Pract. 2019, 13: 335-337.

24. Kheirabadi D, Shafa A, Hirmanpour A, Zareh F. Prophylactic Effects of 
Intravenous Dexamethasone and Lidocaine on Attenuating Hemodynamic-
Respiratory and Pain Complications in Children Undergoing Cleft Palate 
Repair Surgery With General Anesthesia. J Pain Palliat Care Pharmacother. 
2020, 34: 63-68. 

25. Cui W, Wang S, Han R, Wang Q, Li J. CaMKII Phosphorylation in 
Primary Somatosensory Cortical Neurons is Involved in the Inhibition of 
Remifentanil-induced Hyperalgesia by Lidocaine in Male Sprague-Dawley 
Rats. J Neurosurg Anesthesiol. 2016. 28: 44-50.

26. Kurabe M, Furue H, Kohno T. Intravenous administration of lidocaine 
directly acts on spinal dorsal horn and produces analgesic effect: An in vivo 
patch-clamp analysis. Sci Rep. 2016, 6: 26253.

27. Soto G, Naranjo González M, Calero F. Intravenous lidocaine infusion. 
Rev Esp Anestesiol Reanim. 2018, 65: 269-274.

28. Doan LV, Wang J. An Update on the Basic and Clinical Science of 
Ketamine Analgesia. Clin J Pain. 2018, 34: 1077-1088. 

29. Nobrega R, Sheehy KA, Lippold C, Rice AL, Finkel JC, Quezado ZMN. 
Patient characteristics affect the response to ketamine and opioids during 
the treatment of vaso-occlusive episode-related pain in sickle cell disease. 
Pediatr Res. 2018, 83: 445-454. 

30. Chen A, Ashburn MA. Cardiac Effects of Opioid Therapy. Pain Med. 
2015, 16 Suppl 1: S27-31. 

31. Wynands JE, Townsend GE, Wong P, Whalley DG, Srikant CB, Patel 
YC. Blood pressure response and plasma fentanyl concentrations during 
high- and very high-dose fentanyl anesthesia for coronary artery surgery. 
Anesth Analg. 1983, 62: 661-665.

32. Wang T, Liu H, Sun JH, Wang L, Zhang JY. Efficacy of intravenous 
lidocaine in improving post-operative nausea, vomiting and early recovery 
after laparoscopic gynaecological surgery. Exp Ther Med. 2019, 17: 4723-
4729. 

33. Moeen SM, Moeen AM. Usage of Intravenous Lidocaine Infusion 
with Enhanced Recovery Pathway in Patients Scheduled for Open Radical 
Cystectomy: A Randomized Trial. Pain Physician. 2019. 22: E71-E80.

Submit your manuscript at
http://enlivenarchive.org/submit-manuscript.php

Apart from providing HTML, PDF versions; we also provide 
video version and deposit the videos in about 15 freely accessible 
social network sites that promote videos which in turn will aid in 

rapid circulation of articles published with us.

New initiative of Enliven Archive

Enliven Archive | www.enlivenarchive.org

	
	
2021 | Volume 8| Issue 17

https://pubmed.ncbi.nlm.nih.gov/29443696/
https://pubmed.ncbi.nlm.nih.gov/29443696/
https://pubmed.ncbi.nlm.nih.gov/29443696/
https://pubmed.ncbi.nlm.nih.gov/31908254/
https://pubmed.ncbi.nlm.nih.gov/31908254/
https://pubmed.ncbi.nlm.nih.gov/31908254/
https://pubmed.ncbi.nlm.nih.gov/31908254/
https://pubmed.ncbi.nlm.nih.gov/15960638/
https://pubmed.ncbi.nlm.nih.gov/15960638/
https://pubmed.ncbi.nlm.nih.gov/15960638/
https://pubmed.ncbi.nlm.nih.gov/16000093/
https://pubmed.ncbi.nlm.nih.gov/16000093/
https://pubmed.ncbi.nlm.nih.gov/30336850/
https://pubmed.ncbi.nlm.nih.gov/30336850/
https://pubmed.ncbi.nlm.nih.gov/30336850/
https://pubmed.ncbi.nlm.nih.gov/30336850/
https://pubmed.ncbi.nlm.nih.gov/29433385/
https://pubmed.ncbi.nlm.nih.gov/29433385/
https://pubmed.ncbi.nlm.nih.gov/29433385/
https://pubmed.ncbi.nlm.nih.gov/31858394/
https://pubmed.ncbi.nlm.nih.gov/31858394/
https://pubmed.ncbi.nlm.nih.gov/31858394/
https://pubmed.ncbi.nlm.nih.gov/31858394/
https://pubmed.ncbi.nlm.nih.gov/29324495/
https://pubmed.ncbi.nlm.nih.gov/29324495/
https://pubmed.ncbi.nlm.nih.gov/29324495/
https://pubmed.ncbi.nlm.nih.gov/29324495/
https://pubmed.ncbi.nlm.nih.gov/31361664/
https://pubmed.ncbi.nlm.nih.gov/31361664/
https://pubmed.ncbi.nlm.nih.gov/31361664/
https://pubmed.ncbi.nlm.nih.gov/31922432/
https://pubmed.ncbi.nlm.nih.gov/31922432/
https://pubmed.ncbi.nlm.nih.gov/31922432/
https://pubmed.ncbi.nlm.nih.gov/31922432/
https://pubmed.ncbi.nlm.nih.gov/31922432/
https://pubmed.ncbi.nlm.nih.gov/25811361/
https://pubmed.ncbi.nlm.nih.gov/25811361/
https://pubmed.ncbi.nlm.nih.gov/25811361/
https://pubmed.ncbi.nlm.nih.gov/25811361/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4870564/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4870564/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4870564/
https://pubmed.ncbi.nlm.nih.gov/29496229/
https://pubmed.ncbi.nlm.nih.gov/29496229/
https://pubmed.ncbi.nlm.nih.gov/29927768/
https://pubmed.ncbi.nlm.nih.gov/29927768/
https://pubmed.ncbi.nlm.nih.gov/28902183/
https://pubmed.ncbi.nlm.nih.gov/28902183/
https://pubmed.ncbi.nlm.nih.gov/28902183/
https://pubmed.ncbi.nlm.nih.gov/28902183/
https://pubmed.ncbi.nlm.nih.gov/26461073/
https://pubmed.ncbi.nlm.nih.gov/26461073/
https://pubmed.ncbi.nlm.nih.gov/6859569/
https://pubmed.ncbi.nlm.nih.gov/6859569/
https://pubmed.ncbi.nlm.nih.gov/6859569/
https://pubmed.ncbi.nlm.nih.gov/6859569/
https://pubmed.ncbi.nlm.nih.gov/31086606/
https://pubmed.ncbi.nlm.nih.gov/31086606/
https://pubmed.ncbi.nlm.nih.gov/31086606/
https://pubmed.ncbi.nlm.nih.gov/31086606/
https://pubmed.ncbi.nlm.nih.gov/30921979/
https://pubmed.ncbi.nlm.nih.gov/30921979/
https://pubmed.ncbi.nlm.nih.gov/30921979/
http://enlivenarchive.org/submit-manuscript.php

	Corresponding author
	Citation
	Copyright

