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Abstract

Opioid abuse is a national epidemic in the United States, where it is estimated that a prescription
drug overdose death occurs every 19 minutes. While opioids are highly effective in acute and
subacute pain control, their use for treatment of chronic pain is controversial. Chronic opioids use
is associated with tolerance, dependency, hyperalgesia. Although there are new strategies and
practice guidelines to reduce opioid dependence and opioid prescription drug overdose, there has
been little focus on development of opioid-sparing therapeutic approaches. Lidocaine infusion has
been shown to be successful in controlling pain where other agents have failed. The opioid sparing
properties of lidocaine infusion added to its analgesic and antihyperalgesic properties make
lidocaine infusion a viable option for pain control in opioid dependent patients. In this review, we
provide an overview of the opioid abuse epidemic, and we outline current evidence supporting the
potential use of lidocaine infusion as an adjuvant therapeutic approach for management of chronic
pain.
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Introduction

Chronic pain is a debilitating condition that frequently requires treatment with high doses of
opioids [1]. Chronic pain affects as many as 116 million adult Americans each year with an
annual estimated cost of 635 billion dollars or more in medical costs and lost wages [2]. A
generalized definition of chronic pain is “Pain that extends beyond the expected period of
healing” [3]. The temporal definition of chronic pain varies, but it is often described as pain
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that persists for more than 3 months or more than 6 months. According to the NIH, pain is
one of our most pressing national public healthcare problems and as a result chronic pain
was named by the NIH as the “silent epidemic” [4]. The prevalence of chronic pain is hard
to assess due to the complexity of chronic pain and variance in the definition [5].

Despite advances in the specialty of pain management, chronic pain continues to be on the
rise. Results from the 2012 National Health Interview Survey showed that about 25.3 million
U.S. adults (11.2%) had pain almost every day for the preceding 3 months, with a staggering
40 million adults (17.6%) complained of significant or severe pain [6]. In an effort to raise
awareness of the prevalence of chronic pain, the American Pain Society endorsed pain as
fifth vital sign in 1999. Since this endorsement, there has been an escalating rise in the
number of opioid prescriptions for chronic non-cancer pain where opioids have become the
standard of care for moderate to severe pain [6-9]. This shift in practice is clearly reflected
in the dramatic increase in the medical use of the four most common used opioids for pain.
Since 1997, for example, morphine use has increased by 73%, hydromorphone by 96%,
fentanyl by 226% and oxycodone by 403% [10]. Despite their frequent use, opioids are only
partially effective for short-term pain relief and have highly variable effectiveness in the long
term relief (greater than 6 months) of pain [11].

Thus far, there has been little progress on for alternative non-invasive therapeutic strategies
for chronic pain patients maintained on opioids. Rightfully so, much of the effort has been
focused on improving patient compliance and prescription practices. Therefore, the approach
to the current opioid abuse epidemic requires not only implementation of safer practice
guidelines, but also novel therapeutic approaches. In the current review, we provide an
overview of the magnitude of the current epidemic of prescription opioid abuse and outline
the potential of lidocaine infusion as a viable therapeutic strategy for pain control in opioid
dependent patients, where lidocaine infusion has the potential to markedly reduce the
dependence on opioids both in the acute and chronic settings.

Opioid Use Disorder

In concordance with the increase of opioid prescriptions, the incidence of opioid use
disorder has markedly increased. This is now one of the major health problems in the United
States, with almost a daily increasing morbidity and mortality due to opioids misuse and
abuse [12,13]. Recent studies clearly highlight the significant increase in opioid use, abuse,
and overdose mortality due to prescription opioids [14]. There is currently an excess of 1300
deaths per year due to drug overdose involving prescription opioids. Importantly death
resulting from drug overdose in general has now become the leading cause of death in the 35
to 54 age group, exceeding motor vehicle accidents [15]. This increase in opioid related
complications has led the FDA to propose a risk evaluation and mitigation strategy (REMS),
which applies to all long acting and immediate release opioids. In addition, this advisory
panel also advocated that education for safe prescribing practices of opioids become
mandatory for all prescribing physicians [16]. An important reason for the current opioid
epidemic is the fact that a shift in practice in the form of leniency in opioid prescription has
gradually occurred over the past two decades. This gradual shift in practice patterns has
resulted in a dramatic increase in opioid sales, as well as prescription drug abuse overdoses.
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Despite the pressing need for formulating a comprehensive response to this problem,
responding to concerns regarding opioid prescription patterns places a significant burden on
providers involved in treating pain as they strive to balance the need to address the needs of
their patients, and at the same time avoiding, over-prescribing, while monitoring opioids
misuse and abuse [17]. Another recent advance that occurred in 2015 is that all
hydrocodone-containing products officially became schedule 11 drugs, which immediately
made it exceedingly more difficult to overprescribe, and prevented mid-level providers for
administering these medications without oversight from physicians. The impact this change
will have on the current opioid misuse epidemic however, remains to be seen.

Complications associated with chronic opioid use

Chronic treatment with opioids results in a wide array of side effects including addiction,
tolerance, immune modulation, as well as abnormal pain sensitivity [18]. Therefore,
although opioids were initially thought to be the solution for chronic pain, opioid use has
markedly exacerbated chronic pain and complicated its treatment [19]. As a result, it is now
advocated that physicians adopt a far more cautious approach towards escalating opioid
doses in patients suffering from chronic pain, given the large body of evidence supporting
the notion that chronic opioid use of is neither safe nor effective [18].

In addition to the aforementioned complications, current evidence suggests that a more
complex range of side effects that are associated with chronic opioid have been overlooked.
For example, neuronal plasticity at the spinal dorsal horn level or more central in the
rostroventral medulla and hippocampus results in a marked increase in pain sensitivity [20].
The effect of opioids on the neuroendocrine system has been extensively studied in animal
models and in humans. Vuong et al reviewed this topic extensively, and found that although
the chronic opioid changes were more relevant for opioid addiction, most of the studies
highlighted acute changes in the neuroendocrine function as a result of opioid treatment.
Nevertheless, the reviewed literature suggests that opioid use results in hypogonadism and
weight gain by decreasing luteinizing hormone and increasing growth hormone [21].
Moreover, opioids have been known for sometime to exert an immune modulatory effect, for
example morphine inhibits resistance to bacterial infection in guinea pigs [22,23]. This
mechanism of this immunomodulatory effect is now quite understood, however some
explanation may be provided through the expression of classic and novel opioid receptors by
immune cells, which is believed to mediate the inhibitory action of opioids on proliferation
of immune cells [23,24]. In addition, chronic opioid use has been shown to exert a potent
immuneinhibitory effect, which is of particular concern in immune-compromised HIV
infected, and the elderly patients [25]. For example, opioid use has been shown to increase
the risk of pneumonia in older adults; where the odds of developing pneumonia were found
to be 1.38 in elderly opioid users (95% confidence interval (Cl) = 1.08-1.76) versus non-
opioid users. Although the risk of these changes is highest in the first 14 days of use, there
was a significant increase in risk of developing pneumonia with long-acting opioids (OR)
(3.43 (95% CI = 1.44-8.21) versus non-opioid users, as well as with short-acting opioids,
OR was 1.27 (95% CI = 0.98-1.64) versus non opioid users. Interestingly, in the same
population the risk of pneumonia was not observed with other drugs like benzodiazepines
[26].
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Chronic opioid use increases pain

In order to develop novel therapeutics for management of chronic pain, a comprehensive
understanding of underlying mechanisms is critical. An important mechanism of the
pathophysiology of chronic pain is the development of a maladaptive inflammatory
response, which mediates pain sensation well after the initial insult is gone. For example,
macrophages and lymphocytes have been shown to invade dorsal root ganglia (DRG) after
acute injury in rodent models [27]. Although this is essential for the initial wound healing
response, they can mediate a maladaptive response if they persist following the acute injury
phase. This is partly mediated by secretion of proinflammatory cytokines, which generate
spontaneous firing in sensory neurons. These spontaneous firings of sensory nerves mediate
the progression of acute pain into chronic neuropathic pain [27]. Proinflammatory cytokines
also play an important role in peripheral and central sensitization which causes an increase
in both the duration and severity of pain [28].

Chronic administration of opioids also results in a an increase in levels of circulating
inflammatory cytokines such as interleukin 6 (IL6), interleukin 1B (IL1B), and tumor
necrosis factor (TNF). The increase in these cytokines results in hyperalgesia and increased
pain [29]. Although the concomitant use of anti-inflammatory drugs has been advocated to
reverse this inflammatory response, their effect have proven to be suboptimal and is results
in increased complications effects such renal gastrointestinal, and cardiovascular side effect,
all which contribute to a significant increase in morbidity and mortality. Therefore, current
evidence highlights the lack of mechanistic basis for escalating the use of opioids for chronic
pain given the known effect of chronic opioid use in pain sensitization (Figure 1).

A plausible strategy to interrupt the vicious cycle of pain, inflammation and hyperesthesia is
using efficacious, non-opioid medications for the treatment of chronic pain. This evidence
calls for a newer pharmacotherapeutic approach that effects peripheral and central sites of
action and could ultimately reverse this neuroplasticity. Such a drug could potentially relieve
pain in opioid dependent patients and potentially be used as an adjuvant treatment in opioid
abuse treatment programs to prevent relapse.

Systemic Lidocaine for Treatment of Neuropathic Pain

Lidocaine infusion has been used to treat some acute and chronic pain conditions. It was first
used for treatment of neuropathic pain due to burns in 1943 [30]. Since then lidocaine has
only been tested in a few studies on a small number of chronic pain patients, such as patients
with diabetic neuropathy and complex regional pain syndromes [31,32]. In neuropathic pain,
the pathophysiology involves the modification of expression of sodium channels leading to
the plasticity of responses responsible for the generation of inappropriate pain [33].
Lidocaine attenuates peripheral nociceptors sensitization and central hyperexcitability
through its sodium channel blocking action [33].

Lidocaine also has other modes of actions that explain its clinical role in treating peripheral
and central pain. It has potent anti-inflammatory properties that are more potent than
traditional anti-inflammatory drugs, with fewer side effects [34,35]. Through its anti-
inflammatory property, lidocaine infusion has been shown to reduce circulating
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inflammatory cytokines [34]. The role of inflammatory cytokines is recognized in the
process of secondary hyperalgesia and central sensitization [27]. Lidocaine infusion is
specifically effective in relieving the mechanical allodynia and hyperalgesia associated with
chronic neuropathic pain. This process is believed to occur through a central mechanism of
action (Figure 2) [36].

Wallace et al. [37] evaluated the effects of 1.V. lidocaine on sensory thresholds in complex
regional pain syndrome (CRPS) patients. Patients received IV of lidocaine and
diphenhydramine 1 week apart. The investigators measured pain scores and performed
neurosensory testing. The results of this study indicated that intravenous lidocaine affects
cold stimuli-related pain more significantly than mechanical pain. This demonstrates that
lidocaine may primarily exert its effect on sensory processing as opposed to conduction
blockade. Attal et al. [38] showed that intravenous lidocaine significantly reduced
spontaneous pain and mechanical hyperalgesia. The same group also showed in a separate
study [39] that lidocaine reduced neuropathic pain but did not change dynamic mechanical
pain thresholds in non-neuropathic areas. Taken together, these results suggest lidocaine
exerts a central modality-specific effect rather than a general pain-relieving effect.
Importantly, these findings suggest that is critical to avoid reliance on visual analogue scale
as a single method of assessing response to lidocaine.

In a meta-analysis, Tremont-Lukats et al. [40] noted that there is a wide variation of doses
and durations of lidocaine administration for treatment of neuropathic pain, nevertheless the
authors concluded that while low doses of lidocaine did not confer benefit over placebo,
higher doses showed modest effect on the VAS. This meta-analysis highlights the need for
standardized lidocaine administration protocols.

An important randomized, double blind, placebo-controlled clinical trial was controlled
clinical trial was conducted in patients with neuropathic pain by Gottrup et al. [41]. In this
study, patients were randomized to 0.24 mg/kg ketamine, to 5 mg/kg lidocaine or saline
infusion, and the effect on on going or evoked pain (brush or pin-prick) was assessed. The
results demonstrate that ketamine reduced both on going and evoked pain, while lidoaine
only reduced pain-prick evoked pain. These results add to previous studies that highlight the
complexity of the mechanism of neuropathic pain, and the need for carefully designing pain
assessment techniques.

Finnerup et al. [42] assessed the role of lidocaine in spinal cord injury-associated
neuropathic pain in a randomized control trial, again using a 5 mg/kg infusion protocol. The
results confirmed previously observed effects of lidocain infusion on evoked pain in
neuropathic pain patients, where lidocain infusion was found to decrease both evoked and
spontaneous neuropathic pain. The authors concluded that the results are consistent with a
central sodium-blocking effect of lidocain infusion.

Another interesting study was conducted by Viola et al43, which examine the long-term
effect of lidocain infusion in patients with diabetic neuropathy. The investigators used the
McGill Pain Questionnaire (MPQ) and found that lidocaine infusion markedly reduced both
pain severity and quality at 14 and 28 days post infusion. This is a remarkable finding that
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highlights the long-lasting effect of lidocaine infusion in pain modulation that should be
explored further in other indications.

In a retrospective multivariant analysis of patients that underwent lidocaine infusions,
Carroll et al. [44] reported that both severity of pain and age of the patient influenced the
likelihood of response to intravenous lidocaine infusion. They found that each point increase
of pain (in an 11-point scale) increased the odds of responding to lidocaine by
approximately 29%, while decade of life increased the odds by 36%. Not only are these
results supportive of the role of lidocaine in severe pain, but also add age as an important
characteristic of patients that are more likely respond to lidocaine, which can help guide
future study designs.

Lidocaine infusion may be beneficial in other difficult to treat neuropathic syndromes such
as fibromyalgia. A significant improvement was observed by Schafranski et al. [45] in the
Fibromyalgia Impact Questionnaire FIQ scores, the Health Assessment Questionnaire, and
visual analog scale (VVAS) for pain. This improvement was sustained at 30 days after the last
infusion. As for back pain, Park et al. [46] investigated the effects of intravenous lidocaine
on neuropathic pain items of failed back surgery syndrome (FBSS) which the pain that
occurs as result of abnormal impulse originated from the dorsal root ganglion and spinal
cord. In this study, the authors demonstrated that 1 mg/kg, or 5 mg/kg of IV lidocaine, and
placebo (attributed to small small size) improved pain in patients with neuropathic pain
attributable to FBSS, however 5 mg/kg was significantly more effective. This study supports
the lack of effect of low dose lidocaine infusion.

Tanen et al. [47] compared intravenous lidocaine to ketorolac for the emergency department
treatment of acute radicular low back pain. Patients received either 100 mg lidocaine or 30
mg ketorolac intravenously over 2 min and changes in VVAS scores was evaluated at 60 min
and 1 week after treatment. In this study, the authors found that intravenous lidocaine did not
improve pain associated with acute radicular low back pain. The difference between findings
in this study and others previously discussed is not clear, but may be related to the protocol
of infusion, or the type of pain. As outlined earlier, there is generally no consistent protocol
for lidocaine infusion in the literature, which might underpin the discrepancy of observed
results. The aforementioned studies are summarized in Table 1 [37-39,41-43,45-54].

Evidence for use of systemic lidocaine for perioperative pain

Intravenous local anesthetic infusions have been used safely for pain control in the
perioperative setting since the early 1950’s [55-57]. Lidocaine given intravenously in
subanesthetic doses selectively blocks pain transmission in spinal cord [58], while
peripherally decreasing spontaneous neuronal discharge from A delta and C fibers thus
decreasing transmission of nociceptive pain [59,60]. Lidocaine has a high hepatic extraction
ratio; plasma clearance is 10 ml/kg/min in patients with normal hepatic function and blood
flow. Therefore, weight dosing should take into account hepatic function and hepatic blood.

Analgesia with lidocaine infusion is more effective when the intravenous lidocaine infusion
is preceded by a 1-2 mg/kg bolus dose [61,62] which is likely due to achieving a faster
therapeutic steady state concentration. Benefits of perioperative lidocaine infusion are range
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from improved VAS pain scores, opioid sparing effect and decreased hospital length of stay
[62]. These benefits seem to be more important in abdominal procedures where lidocaine
infusion facilitated faster return of bowel function and early hospital discharge [63,64].
These benefits suggest that lidocaine infusion is effective in relieving visceral pain, which is
consistent with results seen in animal visceral pain models [65] These results are less
pronounced in orthopedic procedures, cardiac surgery, and tonsillectomy cases [66]. Despite
extensive research on perioperative lidocaine infusion, its benefits for non-visceral
procedures, dosing, timing, and duration of infusion still need to be studied through more
randomized controlled trials [66]. Table 2 outlines some of the most recent randomized
controlled trials using intravenous lidocaine infusion for perioperative pain [67]. These
studies are summarized in Table 2 [36,64,68-89].

Evidence for use of systemic lidocaine for cancer pain

Despite advances in cancer treatment, there continues to be barriers for quality end of life
pain management care for cancer patients. Prevalence of cancer pain varies from 33% to
64%, depending on disease stage and prognosis, and is usually rated as moderate to severe
[90]. Because of the growing appreciation for the potential role of intravenous lidocaine
infusion in treating refractory pain, lidocaine has been used to treat opioid refractory cancer
pain in adults and children with very few and mostly self-limiting side effects [91,92].
However, the randomized controlled trials in this area are scant. In a recent phase two pilot
randomized controlled cross over clinical trial, lidocaine infusion was successful in treating
opioid refractory cancer pain with a mean duration of analgesia more than the half-life of
lidocaine (9.34 days) + 2.58 after a single infusion [93].

Intravenous lidocaine infusion is an appealing option in opioid refractory cancer pain as it is
inexpensive, and easy to administer. In addition, lidocaine analgesia is no associated
tolerance with repeated administration, does not depend on source of pain, can be repeated
as needed, and allows for discontinuation of other analgesic with consequent drug related
side effects [94]. However, lidocaine infusion is not mainstream treatment for opioid
refractory cancer pain as phase 4 clinical trials are needed to establish guidelines for
treatment in opioid refractory pain [93]. Lidocaine toxicity at small doses has been reported
in terminally ill patients despite normal liver and renal function, suggesting altered
pharmacodynamics [95]. These studies are summarized in Table 3 [93,96-98].

Conclusion

In the current review, we provide a comprehensive overview of the large body of literature
outlining the mechanism of action and role of lidocaine infusion in treatment of pain.
Although the literature reviewed strongly supports the role of lidocaine infusion as a pain
management modality, the studies reviewed vary widely in study design, patient populations,
methods of pain testing, and outcomes.

Lidocaine is an amide local anesthetic with a wide range of mechanisms of action.

Lidocaine, when given in a low dose intravenous infusion, successfully provides pain relief
in several chronic painful conditions that have failed other treatment modalities. Lidocaine
infusion is an inexpensive and relatively easily administered treatment that has been safely
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used with very few side effects. Lidocaine as an infusion has opioid sparing effects, blocks
sodium channels, uncouples G protein, blocks NMDA receptor, reduces circulating
inflammatory cytokines, and prevents secondary hyperalgesia and central sensitization.

Lidocaine infusion has been studied extensively for perioperative pain control with
contradicting outcomes. These conflicting results are likely due to the limited number of
patients in each study and due to the lack of standardization of study techniques. There is a
paucity of studies that have assessed differences in dose, infusion protocol and adverse
effects of lidocaine administration. Lidocaine infusion has been successful in treating opioid
refractory pain in cancer pain patients; however randomized controlled trials are lacking.
Despite its opioid sparing effect, the role of lidocaine infusion in modulating opioid
dependence and addiction in patients with chronic pain is yet to be determined. Several
unanswered questions need to be addressed before lidocaine infusion can be used as a
mainstream treatment; including the precise dosing regimen, infusion duration and the
appropriate patient selection criteria. If proven effective, lidocaine infusion can potentially
be an important tool for treatment of opioid dependence.
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Spinothalamic A
Tract

Pro-inflammatory cytokines play a
significant role in peripheral and
central sensitization causing
increased severity and duration of
pain (73)

The chronic administration of
opioids increases levels of
circulating pro-inflammatory
cytokines interleukin 1B (IL1B),
interleukin 6 (IL6), and tumor
necrosis factor (TNF), all which
lead to hyperalgesia and
increased pain (52)

Figure 1.
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Opioid activation of Continuous and spontaneous'

descending pain facilitation firing of sensory nerves lead
mechanisms arising from the to the generation or
rostral ventromedial medulla progression of acute pain into

(RVM) through the increased chronic neuropathic pain (38)
activity of CCK in the RVM

Role of opioids in development of central sensitization.
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Lidocaine infusion is effective
in relieving  mechanical Lidocaine attenuates peripheral
Splnothalamic allodynia and hyperalgesia ) nociceptors sensitization and
Tract associated with chronic central hyperexcitability through
neuropathic pain, believed to its sodium channel blocking
occur through a central action (66)
mechanism of action (45)

Lidocaine has potent anti-
inflammatory properties that
are more potent than traditional
anti-inflammatory drugs, with
fewer side effects (37, 12)

Lidocaine infusion has been
shown to reduce circulating
inflammatory cytokines thus
preventing central sensitization
and hyperalgesia (37)

Figure 2.
Role of lidocaine in prevention of central sensitization.

J Anesth Clin Res. Author manuscript; available in PMC 2017 February 23.



Page 16

Kandil et al.

ay) ut 1nwins ‘painseaw 1w brl ¢ pue
1002 pue Buio.s 0} sem eale ‘2 ‘T J0 aureoopl)
asuodsas pasealosp |njured ay) 10 s|aAg) ewsed
: elUApo|e Juauiwoid e yum
. pue ea.e njured uynm Bunsay Ul Sasealoul INOYSEM XaaM T : : :
EOSMEU WINLAIIRA 3y} Ul spjoysaly} Alosussoinau Aqg Yoam L J3N0SS0ID) :rmﬂm M%%M%vxwﬂw__ww% S0BIIEM fesayduad
ured joy ay} Jo ‘s9109s ured 1 Aq pareledas fed feuol I
uoneAs|a Juedliubis PaX0ns pue auiwelpAyusydip
B Pasned auledopl snoaurjuods pue suredopi| Al
"€2/T¢ :(s3s0p [[E) U9 'y By bu ;
SUIBI0DI] 4/9 :0G3Ie|d 008%€|d < 8UIeI0pIT] G pUe e T 43 19][eed ured a1yredounau [esaydiiad | srexnT-uowall Jesayduiad
‘ured
. PaY0Aa JO 3Juasqe "Bunsay
mm__._ﬂmmwwmﬂm__,__w J0 8ouasald ay} Jo Alosuss ulw og ‘ogaderd PaI0IU0D B
. o anoadsai Ainfui anneluenb 10 By Bw ¥ . Ainful p1od jeurds dnisuuiy lenua)
m__mcﬁww\%owh%cww_u 10 [3A9] U} MoJeq pUe aJeas G aUIEA0pIT Al 0099€|d pul|g-3]gnoq JaA0Ss0ID W
pue e ured o4 Bofeuy [ensin 5
00328|d < aureaopli s
palsa) os[e _m_
$2109S S/ PaYona SeM (ono} M
Aue Ul aouaiayip 01 A1qisuss
"elsayisased wediubIs spjoysaly} mmwecww_wwm d W
Z ‘smunud g ‘easneu ou ‘ogaoe|d pue ured pjoo pue P .wn ® ng _ ured £
€ ‘. uolresuss Apoq aUreIoPI| UsAMIBQ Teay Se [jam 2) wc_wwo | 1 J8A0SS012 ‘pul|q 9]gnop paziwopuey 21yredounau ‘a1rewNeINsod WOJISUIBAY m_or_g:mn_
10 1n0,, {'ssaupapeay 8109s Bunsal se uondaalad mmw, (A1 B \mcnh_ ‘Bunse| Buo <
-ybi| g ‘8ausjoUWIOS 6 SWA Ul 8dualaylp pJoa pue °0) BUILIEISS] .w
Jueonubis ON wrem (SWA) : &
00ade|d = autedopl | ajess anbojeue =
[ensIn 5
—
. ‘sployssiyy ]
. elUApO| e uiw Oy Jano
Mw_wwh__@wsﬂ PaY0Aa pUE S3109S Eaﬂwmgs (SN) ogade|d m
aBueyd .co.:mmﬁmm. Apog uted snoauejuods 5159) AIOSuas SA (A1 Boy/bw £
1010 Z ‘ssaUIZZIP SWA ut sdnoJb yioq “Lorouny G'Z) dUIeI0pPIT 'SA o J9A0SS01D 1ane Ainfuj mojag ured ‘WONSLLIEA| M [enus)
. bt usamiaq asuodsal : (A1 BY/Bw +°0) JusWILaI] 834y} puI|g-a]gnop ‘paziwopuey yum Ainfuj piod reurds :
T 80Us|ouWos U1 32UaIaYIp \rowcmm auIweIdY uIw 3
G eIsaysated Jeoriad 1UEOIUBIS ON (SWA) O ;B BWgZ @
‘ssauIsmold OT/v A a[eas anfofeue - S
00398|d = auredopi] aureaopl] Al 3
|ensiA : ; Q
: 3
uted |esjusd pue 8
suoisa] ouaydsiway <
Ul SSOUSNIIIBLS ured Buiobuo =
s1 Aq pajelisuowap : : ulw og ‘16w noysem .
(9%v¥) sseupapeaLpybi ale SUOIOE BUIRIOPI| mwom_“MW_MOMm S ‘auredopI Al o1 M- “I8A0SS0D pul|g 3]gnop paziwopuey ured opredoanan [e39 [envy [EAus
JO SswsIueydaW 40 Aususi
|euidsesdns
0Q328|d < 8UIRIOPIT]
SIUSAS 85 JOAPY uosnpuod awooINO UoIIUBA U | s199[gns Jo sequinN poye A po1es J} uonipuod Apnis ured JoadA |

Author Manuscript

Author Manuscript

‘ured 21yredonau 10) UOISNYUI BUIRIOPI| JO S| PazIWOpURI JO Arewwng

T alqel

Author Manuscript

Author Manuscript




Page 17

Kandil et al.

uoIsnyul |ui/bw G/ PasEaIoap suteaopl] 119N LM 9) 3UIEI0Pr] N0 YSEM >98M {7 P3[|03u0d aureaopl| 0} sispuodsal
Yum ssaupapeayiybi| 10 sasop yiog uondaosad U ;B bw ST 0GB9E|d ‘PUIJG-01GNOG] JIAOSSOID) SNOINId N IN9GEIC BJOIA [esayduiad
pawuodal yuanied T 0032e|d < 8uIeIopIT] ured G’/ pueg : : SO
(SN) ogaoerd
asuodsal ‘sA auiydiow
[ened 3101111 pIp ‘SA 3U220PIT
SIUBAS wﬁ:ﬁﬁwﬁ%ﬂm ____M 'SA (Ui gg Jano foros JAN0SS01D JapJosip ysejdiymn dNd Bulwwa Jedayduiad
aslanpe panodal oN : pasnyul Bx/6w : : : i
Usamiaq asuodsal £°0) BUILIEIS]
ITEREIENT ) unw 0g T-6buw
JuedIIUbIS ON m.mc_muou_n_ Al
"ei1sablesadAy
pue eluApoje B
Jewayy N
jouIng “(Rep/Bw &
-ured ‘e1sabesadAy 1€/ ueaw) Aep m
snoauejuods Jo [ewuApoire 4ad Bui 000'T 01 &
. [ealueydsw 00t woJy parey ~
s s o | oot paeupd | @Eomd) | s uado Aoy g
*ssauquinu [elorad snoauejuods Jo oneIs U UO suna|Ixsw b 187085019 J1jewnel) Jo eibjeinau [eny masgzmn_
: pue eluApojre SEINEREY ‘pu1lg-a|gnop Pa]|0J3u0 paziwopuey : : s
pue ssaupapeayiybi| uonoINpPal %05 pey SILEUAD Anuanbasqns anadiayisod 03 parejai-uted =
‘8ousjouwios C2 40 TT 'aureoopl| [E91UBYIBLU sjuaired 9T £
%ﬂ,w_ww% c_mm w%\s u1 abueyd a]1ym ogadeld sa @
yed gz 40 anld ‘Bunsay ulw og T-6%6w m
Alosuas G auresopI Al K
anleIuend ©
pue ured =
snoauejuods 5
172}
“ulw oy paise| m
suoIsnyul || 1S
. “(uorsnyur B o 5
ured dwms SWA) Al Snjog B T S
104 UOHOBJSIES 6 ‘auiwelpAyuaydip 2
: d jo sBunes 8[E3s bofeue y ’ 100 YlM TT pue ;
Emeawz pue c_mg Jo sbul [ENSIA 00T ogaoe|d annoe uloq y N p . ” g
al10jaq ured ou palodal-y|as ul I “SA UOISNIUI ‘auole ured wojuey ure e
10 8sNe23q UMeIpyIM | 0gade|d < aulydion 0 mw_mmmwmoom B>y-BLu Nho..o $3sed 6 ‘auofe 1N0YSeM Y-{Z ‘19A0SS0ID dwnis Jo quiij woyueyd nA elayduiad
Z&/T "pauiodas = auresopi @mc_we mﬂ_og 6oy Bu ured dwnig sased TT :ured uoneindwe-1sod S
SIUBAS 9SIaAPE ON ured woyueyd ured duwns &0 suiydiow ‘s 43 m
lou ng dwinis Joy pue woreyd | uoisnyur ;_ByBuw e
0089€|d < 8UIBI0pIT] b & pamoljy <
‘snjoq ;_6x B ~
T 8Uled0pIT Al
‘[an3] ewse|d
158yb1y ay1 1e ured
snoauejuods ay}
pue sjans| ewse|d
|[e Je 1jnwins [00d
0} 534025 ured ul
aseal09p Jueayiubis
"ga.le d1uApo|je
S1UB/S BS BAPY uo|snpuo) awodIN0 UOIUBAIBIU | s1elgns Jo equinN poym® N Apnis ured joadA 1

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript




Page 18

Kandil et al.

'SS94 01 pare|al

‘alreuuonsanb

Jew.ou :uede
S$H99M ¢ e Inoy

‘papodal -ured o1yredo.nau ured T JBA0 UOISNyUI 1IN0 YSeM S}9aM g ‘19A0SS0ID (Ssg4) awoipuAs e eiaudiia
SIUBAS 3SIaAPE ON Buifjonuod ul a1yredoinau snousAe.uL 81 pul|g-3]gnop Pajj0Auod paziwopuey A1861ns xoeq pajre HMed [elayatiad
0032e|d = au1eaopI pue SWA Buimojjoy Jo yoea
PaAIadal Sjuslled
‘uoisnyul
yuly sy
Jayye sAep og
pue ‘uoisnyul
Uyl sy Jsye
Aloreipawiwi .
‘uoisnyul (51
'sAep mc_moou_._ sAep ‘By/bw G-7) )
0€ Jaye paurejurew 1511y 31 sabesop Buisu 9
. pue uoisnjul ; UHM SsuoIsnul
qua >www_mwﬂm ON YY14 3y} J3Ye S8109S Ewwwyﬂv_um% aureaopl| tord usdo e1b[eAwoiqi4 dNd D{SuBJyeyYdS 1aydiiad
Ol4 8y} ul panIasqo 101 (SYA) 92 SNOUBARLUI 5
Sem juawanoidwii s Sw w%@% lenuanbas $
JuedIubIS v M:m; m_ e anlg 'y g By/Bw ~
JEMSINEDUE. 1 ¢ o"sureaopif Al 3
alreuuonsand I3
1UBWISSASSY S)
UHesH ‘(d14) 2
alreuuonsan® =
10edw| ‘®
e1fjeAwoiqi4 5
[
. . Jeay pue (SN) ogooeyd a
wseds ajosnw ‘easneu Bunsal uo s10as 0102 ouduid "S ({101 B @l 2
‘yinow AIp ‘wojwodsip | uediiubis palgiyxa L T . anful 2
‘anBiey ‘ssaulzzip auledopl| pue A cmwami Nmmwmﬁﬁmws% e .ohw\wmmm@_o:waﬁmﬂ% uMN___chww anJau [esayduiad) ured uaswios Eiayduad
‘ayoepeay ‘eisayisaled 602TSN yioq ‘ured %_%gv_ e Hv d G8IC pUlI-3Iqnop pazitiopuey a1yredounau 91uoIyd dNd g
[esoniad ‘ssauismoig U312 snoauejuods ured cw o <Q<W_Nm mwmcmmz 5
10 Swe Juswyeal) fedy d i/ £
AU U1 30UBI3L1P ON snoaurjuods G aureaopl| Al M
‘ured snoauejuods M
. Buronpal ul . ‘ulw Qg 10}
dnoib ogadeld ay} aureaopi] 01 Joiadns ured paxona aulfes 10 “(;_B S
U1 96TT LM pajeduiod SeM aulWeId [EatuEyOBW ‘Bw ) aureaopl N
‘3Ured0p1| WOl S)I8Yd . : > pue 1 5) suleoopl| 0z J3A0SS01D PaJ|041u02-0gade|d Paziwopuey ured Aunfur anseN dnmoo m_m%_:mn_
8pIs paousliade __m&wwvﬁ_“wﬂ_%a snoaueuods ww.%.mu_wﬂwv_ S
(%¥38) siuaned usaixis ured paYoA paonpal uo s3083 16 UoISTIUI A M
Ajuo aureaopi
"uoleslpaw
Buinaijai-ured JNoYSeM
‘uoisnjui-jsod Jaypo Jo asn 98M N0y Yyoes T
sAep gz 01 dn palse| pue ‘as0an|f x | {7 J1ano By/jug
10949 ‘oqgaoe|d poojq Bunsey ‘(SN) ogaoed
0} paJedwod $3109s ‘daals Jo ‘SA (Al Jw/Bw
ured Bunsas OdN sinoy ‘(OdIN) G'/) aureaopi
alreuuonsand ‘SA (AL Jw/Bw
uled
S1UB/S BS BAPY uo|snpuo) awodIN0 UOIUBAIBIU | s1elgns Jo equinN poym® N Apnis ured joadA 1

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript




Page 19

Kandil et al.

pt; availatde in PMC 2017 February 23.

>9am
. } T pue sanuiw
swoydwAs ured »oeq Moj 09 pue UIW Z 130
ul EmEm>anﬁ__ j0 Jejnoipel 83@&5_\5 07 ‘02 pUE Ajsnousnenul
>oe| e 0} anp jutod swn | pajerdosse ured auy h : 9]01019) JBA0SS0ID)
UILL-0Z 8L} Je MeIpLIIM | 1eIAd|e Alfedtun)d Am:wﬁm_we Burog 10 0Z ‘aureaopl] Tz PUIIG-3]GNOP PRI[0JIU0D PaZIWOpUEY uted 50eq IeInOIpel 3oy uaLeL aydued
dnouf auresopi] ayy ul 0] pajle} aureaopl| -
Touoeoioraq Uit | snovanenuy | 12 (SN2 | auteaopii B 001
ww-00T Vv =
'S109448 m
apIs 0} anp Juswileal) (;-Aepbw m
audezeqeaxo sKep 8z 00S'T-006) =
panuiuoasIp "uoseal ouiad & oy auidazeqseaxQ m
(%8¢) swuedionied [ea1y1a 01 anp mm:.oom ured |edo wua)-Buoj Aq 9T 1age]-uado ‘pajjosyuodun ‘aAnoadsoud ured o1yedo.nau esaydiiad Jaddiyos Biayduad
9T 40 1IN0 9 "SsauIZzIp palioge Ajainjewsid R Pamo||o} ulw og <
pue seisayisaled 1ybils ; It urynm (;_6x6w M
UM pajess|ol [[am G) aureaopl| Al =
uoISNyul dUIBIOPIT] m
‘BHWW m
Gg< aInssaid 8
poo|q 21j015AS< M
BHWwW 091
Jloutwysalel OET>
a)eJ Leay ay}
daay ajiym paads
uoIsnyul pajesiny
uayy pue ‘Ajremul
1y/1w 09 e
Bx/6w g suresopi|
pue ‘By/6w
T dureaopi|
‘ogaoe|d auljes
SIUSAS B8 JONPY uosnpuod awo2INO UolUBABIU | s193[gns Jo JequinN poylB N pa1es J} uolIpuoD Apnis ured joadA

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript




Page 20

Kandil et al.

EEJETNY
sjuswieal ||
aureaopl] Al pue

‘dnoib INdD NI memom_\,_o@
3y} Ul asoyy ) y/ox/ow
uey} Jalal EMMW mﬁw_ " € aureaopl|
ured Janag 0 abessed 1511} Al PUe NI
RUETE] Aureoyiubis 0} 8w} 8y} pue b 0z Wdd (0)
T Ul eluylAy e umc_“__wmmo“m ‘uondwnsuod S/ Jm
[euoIsead0 teaopl| aulpuadaw 6 Al P
ue 1daoxa pue NG [e101 ‘1sanbau W1 bul o NG (@) 00T ‘paziwopuel pue puijg-ajgnog Aw01991549910yd d1doaso.ede] M
“wolsn au ul syushed d “(SIN)
ISnjul BUIBIOPI| ‘uonouny sulpisdsw oy aul|es JewJou
ay1 03 paejal - awn ‘Buiybnod ;

-S1UBAD 3SIAAPE ON smoq Bunnp pue Al pue bw 0z NI
J0 A1anodal $91 16 $81095 (INdD) aresjew
1591Se} pUe ¥ c.m«g 1808 aulweluaydio|yd

191181 ured 1s8q Bopeue __m:m_> (e)
3Ui paAlqiyxs ’ ‘duredopl]
dnolb NG snousAe.UI
pue (NQ)
ueydioyiawonxap
YUM JUBWILaI}-0D
‘e1sabesadAy
[enuag
10 uononpul
ay) Bunuanaid
Aq Al
1sow ‘AJAnoe
a1sebleue .
annuanaid Auebins
anJy e aney 40 pus mmm
Aew aureaopi| ‘(e1sebeue _mw% s:w mw_m_w%
Al ‘Aep doisod paj041u0d c_um Sl0150
P} 8UY -Juaiyed) Il g poTErS
-panioda uo pasunouoid uondwnsuod UOISTIUI AU L Kpms
SJUBA? 8SIaAPR ON m@,w,m %%Mto ,Aowm%mmo%wom ‘ogae|d auljes or Papul|g-a|qNop pue ‘paziwopuel ‘8AlIadsoid Assbuns feuiwiopge Jofeiy yaddoy
Burreds-pioido | Bunes ouswinu) SA (u/b>y/bw
- A1abins sbuiyes ured ST %m uoisnyul
Jaygeyz, anesadolsod Al Ue AQ PsMO]10}
15413 8ys Buunp 6 %_E oru
aunydiow M/Bw G°T snjoq)
ssa| papasu %¢ dUIRI0PI| Al
pue JusWwaAoW
Burinp ured
ssa| pajodal
aureaopl|
panIagal
oym sjuaired
SIUSAS 85 JONPY uosnpuUoD awooINO uoluaA BRI | se[gns jo JequinN poypw Apnis pa1es J1 UuolIpuoD loyiny

Author Manuscript

‘ured aAieJadoliad 10) UOISNIUI BUIRIOPI| JO S[eLI] Pa]|0U0d paziwopuel Jo Alrewwng

¢ 9lqel

Author Manuscript

Author Manuscript

Author Manuscript

J Anesth Clin Res. Author manuscript; available in PMC 2017 February 23.



Page 21

Kandil et al.

dnoJb ogaoeld
pue aureaopi| yioq

Ul PanIasqo
ag p|noa
ERIEIETITT)
ON ‘Aep auo Aq
Aeis [endsoy
10 yibus|

‘A1abans
[€10810]02
Jaye asuodsal
Aiorewiwrepjul

‘Alanneladolsod

uy
[nun (ulwy/bw z)
uoisnjui aureaopi|

[eLi pajjoiuod

%m_umm_w«w__mwwm_v_:mm pauauioys pue pue .Mﬁ:o.t snonupuod 09 -0gade|d pue ‘paziwopuel ‘papul|g-ajgnoq Assfins [eunuopgy 13pa0iisH
: uonIUNY [3MO! o e Ag pamoj|o
pue Buifeay punopn .wo u _h:_ﬁ | 4 [eunsauionsed 3 \mw_umd w_:ﬂog
pajeJaladoe bwm _mm__mmoc auledopl] Al
Apueayiubis 40 pbuan
aureaopI
"aul|es :|0Aau0D
Aels rendsoy
U1 uononpal abreyosip >_m>:m_,wm_9moa
jueaiyiubis lendsoy .
dnoub aureaopi) B YIMm pue ‘uoredayep _mw M\\,w“\hw%owm CH_
auou ‘dno.b paleIoosse ale ‘snyejy P /BB wut
aules g buniwon S}iyauaq asay L 1511} 0} BWIN
“dnoJb sureaop| uoouny 521005 anBIey wawxm__mhwm_ oy pa]1043u02 0gade|d paziwopuey Aw0199]09 91doosolede] eged
uruaied T auljes J]amoq ‘uondwnsuo? Uy .m_%m soue
u1 Juaned ¢ easneN pue ‘anbiyey proido os:o_.s:: ul
‘eisabeue ‘sa102s ured %m it u 10
doysod ui anieladolsod e y/bw §°T 4
Juswianoidw uonoafut snjog)
aureaopl] Al
‘1noybnosyy
panuiuod
alam pue Aiabins
810J8q UIW OF
‘A1abins pauels || 'saInol
21U0]02 Jaye 109 BIA 3Uljes
y g/ Buunp [ew.Jou paAIadal
auredopl| . dnoub jo1ju02
>_Q:m£ mm.ﬂ_uw::% 0 8yl ‘Ajjesnpida
Jonsadns sem : aules [ewJou pue
‘dnoif aureoopi AL | 5 *SaUI|01AD pue (v) 1sal >__ oc__moou__ wo
au} ul eipJedApelq 10 uononpoud Te 58095 ured JUNOWLE Bues 3u)
[euoIsedd0 : SWA "uonauny dnosB 09 paziwopuey 139Ued U0|09 40} A13BINS 21U0j0D ony
ey swaned J1assa] pue 19M0q 10 paniadal dnol
P : uomoUNy [aMOq . aureaopl] ayL
€ ‘pauiodal auoN 10 uInjal sy "Il "3Ul|es [ewiou A|
pue ‘g7l :
Ja1Jea mojfe . 0 awinjoA [enba
‘uondwnsuod 971 saupj0IAD ue pue Ajjeinpida
proido Jamo| /66w
auredopl] € Aq pamoj|o4
Al pue 31 By Bw g sureaopi|
paniagal dnoib
31 "suredopl|
Al pue (31)
|enpida o19eloy |
"uoIsIoul
UD{S 8104aq UIW
0€ paJalsiulwpe
SIUB/S 85 JBAPY uosnpuUoD awo2IN0 UoIUBA BRI | s199[gns Jo JequinN poylw Apnis pa1es J} uolIpuoD Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 February 23.

J Anesth Clin Res. Author manuscript



Page 22

Kandil et al.

"abreyasip
Ja)e Jou Ing
pouad Apnis

[e103 ayr Buunp
pue NDvd 8y}

‘Novd a3yl
Ul [BALLIE J3)E Y
T 11UN panuNUod
pue eIsayisaue

) 10 uononpul
ur yioq ‘dnoub J91Je Ajarelpawiwil
aureaopl| pavies
8ua ul sse| A18n0231 W0l ‘(ogaoeld se
‘payiodal Apueayiubis leL
S)UaNd 8SIaApE ON | Sem ash pioido mm%%mww_m_w“n_ mc_wmwﬂ%>w%“_o> L9 pa]10.1u02-0gaoe|d ‘puljq 8|gnop paziwopuey AisBing Aioreinquy AextoN
annesadoenu| : : 10 yBxyBu 2)
c%:owm uoISNyuI auredopI|
S 100 pIp ayL “ysnd Al
: : Mmols Ag aureaopi|
Aexs (NOvd) 10 BB G
1un ares
: panIagal syuaied
rIsayisaueisod ;
10 (pbua] 1[e ‘uononpul 1y
R LV 1T
¢ dureaopl|
10 uoIsnyul
snonupuod
‘aueIN|ySap Jo "€> $3109s ured © Ag pamoy|o4
syuswalnbal aeos anfojeue 1-Bfw gt
anresadoenul [ensiA urelurew | auresopl| o snjoq
‘papodal pue 01 pue ysijqelsa | e pue ; 6y 6rigT .
SIUBAD BSIBADE ON NOVd 341 Ul 0 NOVd AUIUS) ponIaoal 05 Papul|g-1aAJasqo pue paziwopuey Aw019915423]0yo o1dodsorede] oIMne-]
uondwnsuod ay1 ui palinbal dnoub aureaopi|
pioido JAuriuay 3yl ajiym
ul uonanpay jojunowe syl | ;_6x6r g |Aueuay
panisdal (Gz=u)
dnoub jo1ju02
3y} eIsayIsaue
0 uonaNpul 1y
UoIXal}
diy annnoe
10 8a163p .
2INso[o
s o e
“loeare ploysaiy} ured paddois ‘uoisioul
. . anndaoloou 810j8q UIW
pauiodal Sploysaiy} Apnis papuliq
SJUBNS 8SIAAPE ON ured ainssaud wm_w_m_ﬁwu oWou_w%_Mwmw_cw_/ww 09 -8]gnop ‘paziwopuel ‘J8juad-oMm} aA[93dsoId Aiseidouupre diy feroL e
mw_wmw%ﬂ% annesadoisod |y By Bw g7 usy
uiw QT ut snjoq
pue aureaopl| .
U3BMIG Al BY/Bw G'T
ERIEVETIT)
Jueol1ubIs ON
sbuiyes
ured Ajrep
SIUB/S 85 JBAPY uosnpuUoD awo2IN0 UoIUBA BRI | s199[gns Jo JequinN poylw Apnis pa1es J} uolIpuoD Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 February 23.

J Anesth Clin Res. Author manuscript



Page 23

Kandil et al.

"asn jojodoud
aAljeladoenul

Bunes [eqian
juiod-inoy

“2ISa1SaUE paseq
JEUETTEY]

. d © BulI0dS ured
pauiodal pue ure o i -j0jodoud
SIUAAD 9SIGADE ON M\H,mw%mmw_m%h mumwﬂm“w@m_ Ul {01U02 UIfES or paziwopuey Aiabuns o19e10y | no
auiydiow pue ured 9_8 ul/B>y/bow
ul uononpay anIJesadolsod 0°E€) auIEa0pI]
‘A1abins
. JO pus ayy
Iy “*:wm B_.ﬁ_u_m: Jaye y T paddois
uondwnsuod 1oy  usy} pue uoisioul
1596 eue 4T 104 sanuiu uys a104aq
aniresadolsod ST [endsul ulw Qg pauess
$30Npal pue : ‘aulfes [ew.ou 09 paziwopuey Auabuns feurwopge Jaddn |ereg
SIUBAS BSISAPE ON ‘Aisuayul ured Eu_w_Mw w:ﬂe paniadal syuaied
annelsdolsod oW m“ >ME 0€ pue ‘(y/Bx/6w
RENEIREN] pUE 1531 T8 G'T JO uoIsnjul
aureaopI X ue Aq pamoj|o}
Jsusul ured .
anIreIadolsod Boy/6ui §'T snjog
; snousAe.ul)
%¢ dureaopi
paleuIlLId) 81am
suoIsnyul aules
pue aureaopl|
EMWSELITY
J0 uona|dwod 1y
‘suolyela)e pousad 'snjoq auresopl|
aunwiwi annesadolsod Jaye uiw oz
paonpul ay) Buunp pansua A1abing
-K1abins Ainnoeal "3uljes Jo uoisnjul
Qe >mw%mﬁwﬂm ON waohwmwmwﬂ 5 hﬂﬂﬂc%_m_ 11y e Qﬂ%mdmno d 09 Pa]1013u09-0ga2e|d ‘paziwopuey Aw03981815AY [eUIWOpgesuUR] | auIpIeA
ured ay1 ut buiybnos "auljes y/6x/6w
annesadolsod Burinp pue 1sai G'T JO uoisnyul
areIpawiwI Te $8103S SYA A\l Snonunuod
sanosdui| ‘Aisuaiul ured e Aq pamoj|o}
auteosopi| By/Bw g
30 uondalur snjoq
A\l Ue PanIadal
dnoib w30d
+ 8uIeaopI
‘K1anifap ‘(gp=u) ogaoe|d
UeaJesad aules Jo ‘(Gy=u)
104 A1a6ans K1abins _3% sma
nun ;_y';_Bybw
"pauiodal mmwwmm_mmmwme 'sestiodsal _.um.a Hm;cw\_mw_va_ - Kionl )
SIUBAD BSIaAPR ON ay) Buizenuaye hwﬁm%\moucmw_m ue Ag pamoj|oy 06 paziLopuey HONI3P UB3IESIT UeEL-13
U1 9AII038 : POUWRSH ‘uononpul
pue ajes 810Jaq UIW OF
SI aureaopl| snjog ‘Al ;636w
anjesadoliad G'T auresopi]
SIUB/S 85 JBAPY uosnpuUoD awo2IN0 UoIUBA BRI | s199[gns Jo JequinN poylw Apnis pa1es J} uolIpuoD Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 February 23.

J Anesth Clin Res. Author manuscript



Page 24

Kandil et al.

pue Ja)siulwpe
01 Asea si
‘Aydeyuioluiay
[euinBu Jaye
ured annesado
-1s0d paonpai

uondaful
aureaopl|
snousAe.ul
‘suoiealjdwod ey} papn|ouod
13410 Aue papiodal s11] "dnoJb m_mwﬂm\ﬂ_m Jnoy
JON “JojIp jou [0:3u03 8y} 1e Aouanbaly Jad By/6w z Jo
PP mmmx w::_Eg uy uewy dnosb ay) pue uoISNjul auIedopI| d
ng ‘dnoub jonuod aureaopl| DA : pa||0J1u09-0qade|
ayy u ueyy dnoib 3y} Ul Jamo| co_wQE:w:S m>:o:c_E8 9 ‘pu1lg-a|gnop ‘paziwiopuel ‘8A1ldadsold Aydeyuiojuiay feutnbu Buex
auIeIopI| By} UL Apueayiubis . 1AuelUs) € Ad pamoljo}
Jamo| Apueayiubis alam 581005 ured aureoopl /6w
Sem easneu saysnd uonng 3[eds anfojeue ST SNIOG Al
10 Aoduanbaly ay L 10 Jaquinu [ensIA
[e101 8y pue
(uonensiuiwpe
anasal
pajj041u0d
-101eB1589AUI
sn|d pajjoJiuod
-Jusned)
uondwnsuod
JAuelusy [eroL
uoIUNy [aMOg
10 A1an0231
"sjuaired aureaopi| ‘A19A0231 pue Mgome
a1 10 (%97) TT | pueersebpeue | JO PO
Ajuo yum pasedwiod 1O salnseawl ,mEon c_% ‘0gaoe|d
sjuaned [0J3U0D annoalgo .Mwﬂw_% _:% Buiyorew josuod
au 40 (%9v) T2 Aq anoaduwi e :owm ‘1y/6>1/6w ¢
payodal alam (‘918 | o Aeis Jenidsoy ( p :w 10 uoisnyul ue Aq 06 |eLl) pajjo21u02-0gade|d papul|q ‘paziwopuey Aw0198181AY [eulwopqy uosAig
‘e1sanBsAp ‘smiuun 39npai Jou ] wamo mom_ pamoy|oy By/Bw
‘ssaupapeauybil) p1p autesopi| Apelonol G'T J0 3uredopl|
A191X01 d118Y3ISaUER snousAeUI JO o ucwu%w snjog Al
1e20] J0 swoydwAs uole.sIuiwpe 0 uw _S_h%no:
anndalgns aniresadoenu| wouy 9BIeYsI
awoano
Arewnd ayl
'VOd BlA
uondwnsuod
auiydiow
pue NOvd 8y
u1 Juswialinbai
aurydioy
"3[eds
anbojeue [ensin
B pUe ‘9Jeds
SIUB/S 85 JBAPY uosnpuUoD awo2IN0 UoIUBA BRI | s199[gns Jo JequinN poylw Apnis pa1es J} uolIpuoD Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 February 23.

J Anesth Clin Res. Author manuscript



Page 25

Kandil et al.

uonouNy 1aMmoq

*uonIUNY [9MOQ

*21NS0|0 UIYS
210480 SeINUIW

0 uinjal 0} jouinsy ¢ 0€—GT paddols
‘uolissiwpeal awi suayoys Novd SeM UaIym
Burinbai pue sjans) ured | ul spuswiasinbai auljes ogaoe|d
Buniwon pue anneladolsod aulydio 'z "SA “Iy/B3)/Bw 0S . _m_%__go.wmob $5.1Npe20id o_% o_oomc%o Apeio
easney paroesnold sanosduwi ¢ Kep 2 aUIeo0DI| pajj01u09 0gade|d ‘puijg-ajgnop paziwopuey Jeuiwopqy o1doasosede]
pey uaned T uoisnjul annesadolsod J0 uoisnyul ue Aq
aureaopl| uo 9109 pamoj|o} sdnoib
anfesadoenu| ured SYA 'T yroq ut snjoq
By/6wT aureoopi]
m_gmﬁmﬂ_e:: ‘Uo1Ie)SIres mE:mo>
10 [an9) JuafeAinba ue Je
co:Q_%mw:oo pue Alaixue palalsIuILIpe sem
ccw. 551095 |[eJano0 pue 8pLIOJyo WnIpos
ssauown | ured eiono | VORISR | 9660 LoD
a110da 0 swJa} .
0] w ‘Burwon cﬂ sabueyd ﬂm.ﬂ_wwm w_com_ao mc_mhﬁmar__oc_wwv.c_ |eL} J8A0-55019 wn eIse
pue easneu Buissaip anasal o_H awn e Aq um\.,w,o__oh v ‘pa]1043u02-0qga2e|d ‘pullg-a|gnop paziwopuey d EISEM
10 ﬂmc_a_geou ucmog “(SYA) 9Jeds S|eAJaIUIl UIW
(91d eT) %62 wing :_:M_v Bunes [equan -G e By/bw g0
| %_m_wmh_mco_wv__ Aq painseaw se | Jo sasnjoq omy Aq
SNOUSARUI Ansuayn ured pamoj|o} ybram
: papnjoul syuiod Apoq/Bx/6w
pus Arewd G'T 40 auIRI0pIT]
‘eisableur
leanpida "papi0dal
2108104} 0S|e aJam
yum pasedwod suolrealjdwod ‘A1abuns Jaye
uonouny anzesadolsod sinoy gy 111
|amogq uo pue ayy Joy aulydiow
-sdnoJ6 joedwi sejiws | ‘Aess [endsoy jo eIsabjeue
U100 Ul %EZ % pey dy3 ue co\A_aSu ‘el Um__omcoo ot
: uISn U0103sal JelaIp ‘paq -juaned yum a61ns
,.FM:NMM\_OCA_U_%_E%MQM 1e19810]02 10 1IN0 aWn (4noy Jad B/Bw 09 [BI4L P8]10UOT pazIOpUEY 1819810109 91dodsosede] aA1398| uursBurABuom
miw>o@m_a>mm o_/_ a1doosolede| ‘Aisusjun ured 1) (dnosb 1)
Burobispun anieIadolsod uoISNJul 3UreIoPI|
siuaned ‘uonouny Al 10 (dnoib
u1 auIed0pI| ]amoq Jo v31) eisabjeue
10 UoISnyul A uinjal o} awn leanpida 219e10y |
annesadoisod Sem awooINo
pue Arewnd ay
anfesadoenu|
‘A1abins
10 adAy siyy
10} 9210e4d
aunnol
awo9aq
01 [enuaod
aney Aew
SIUB/S 85 JBAPY uosnpuUoD awo2IN0 UoIUBA BRI | s199[gns Jo JequinN poylw Apnis pa1es J} uolIpuoD Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 February 23.

J Anesth Clin Res. Author manuscript



Page 26

Kandil et al.

AK1anodal Jo
Aipenb ay: pue

san|eA pauodal
AIsnoinaid e uo
paseq A1an02a1

uondwnsuod Jo Aujenb ui
proido Juawanoidwi aulfes
uaamiaq pTETEY] 10 awinjoA [enba
diysuorrejal Ajreatuno ue Jo ‘ainpadoud
-pevodal asJanul ® sjuasaidal [ea1buns ayy
mEm>m 3SI9ADE ON ue Sem alay | aouaIayIp 10 pUa 8y} |aun 0. pajj041u02-0gadeld ‘puljg-ajgnop ‘paziwopuey | Aiabing oidooasosede] Alorejnquiy BIIBAI|O 2
‘dnouf j013u09 jiod-o1 uoisnjui y/Bx/6w
ay) ueyy v ‘A1abins Jaye 2 © Ag pamoj |0}
AK1anodal Jo sinoy ¥z e snjoq B/6w
Aipenb Janaq alreuuonsanb G'T au1ed0pI]
jueaiyiubis 0t A1anooey
e pey dnolb 10 Aifend ayy
aureaopl Sem awodINo
Arewid
. ‘e1sabesadAy
ﬁ_w_mwﬂwmw Alepuodas pue 2INsoo
s1 eisabeladAy (dSdd) ured UpIS 3L Joje
* [Buao 10 1eaibinsisod Jnoy T paddols
CL_S:UC_&E a)sisiad Joy Sem uoisnjul
10 UONUBAYIY Passasse alam ayl "aules
panioda A156ins swuaned ‘Jare| 10 awn|oA [enba
syuow a1y | ue Jo y/by/6w 9¢ Pa]103u09-0gade|d PapuI|g-a|gnop ‘paziwopuey ‘A1abins 1sealg sei0b9
SJUBAD dSIaAPR ON 189U 1sealq £ do1sod f
e dSdd 18A11e19d0)SO G'T auresopl|
10 Ka1iones 3oam T 1o} 10 uoIsnyul
pUE 39U3PIOUI m__mv cmE,Em wqo:c:coo
aU} sasealap sinoy v 'y ‘¢ © AQ pamojjo}
aureopI| e uondwnsuod snjoq B/6w
aAnesadoliad oisabjeue ST aureaopr
: : pue S3102S Ufed
sasuodsal
SSa.1S pue
sasuodsal Aiorewiwrepjul
PanIssqo SSa.1s pue pue Lonauny
E%ﬁmm %Ho_meoo Alorewiwepjul ]amoq Jo
1o oelpsed co_sc% jamog E:%“:_ADWO& Alaniresadossod
oN ‘dnoub jo1u0d ; B Yz
apuaned | Biincin | oaperdogod | 10 WOIBWET
aUO Ul wnuIap moido 10 39U3PIALI pue g Jo uoisnyul
m\,._mwh_wm%mwn_ ‘abreyosip 10} ‘uonyepas %m,_msmmuﬂuﬂ 09 pajj0Jiu02-0gade|d papul|g-a|gnop ‘paziwopuey A19bins [euas o1doasosede] YouYIenn
fosjul ssaulpeal ‘Aeis ‘uondwnsuod . g Pemol|o}
punom Jayjoue pue endsoy ay) pioido BISaYISaUR
‘(AwoysosydauolaAd e 6 SBel 40 uonanpul
o | e | st | s sooa o
umm:wm%%_ﬂum_ﬁeoo PIP Y 2 Jon0 3JaM SBWI0ANO bui g'7 sureaopry
: uolensIujwpe Alepuodas
Pey m_:m%mm%mou: auredopl| ‘Aeis [endsoy
: ; aniesadoliad 10 y1bus| sy}
SeM 8W02IN0
Arewd
SIUB/S 85 JBAPY uosnpuUoD awo2IN0 UoIUBA BRI | s199[gns Jo JequinN poylw Apnis pa1es J} uolIpuoD Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 February 23.

J Anesth Clin Res. Author manuscript



Page 27

Kandil et al.

“uoreN[Igeyas

annesado
-3s0d Janeq
0] PaINgLIuU0d
yorym pap102al alam
Awoyoaiydau (LMINY) 1581
a1doasoede) Bumjrem uiw .
J1a)e A1anodal 9 pue snye|} 35 om_m»_mwﬁwwoucm
annelado 15114 0} WL K1aBans Bupinp
wwmwmmm wwchm%/_ Em_wo%mwmme uw__mﬂwﬂw_w&%»wg . .um%r.amwﬂ_o%wc_ Ly Apmis [euoirenlssqo aseyd-omi v Awoyoaiydau a1doasoede] ul4-uizney
ured 10 JUBIX3 pue ;mm " Aﬂ \mv_me :
aniresado-1sod uondwnsuod . "
panoidwi pue pioido §'T) aureopll Al
uondwnsuod ‘81095 ured
aulydiow aniresado-1sod
annesado
-1s0d paonpai
aureaopl] (A'1)
snousAeu|
"0ga2e|d
yum pasedwod
dnoib
aureaopl|
Ut Jamo|
>_Ewum__mc_w_m AKiabuns Jaye
9I9M S3100S uondwnsuod
uonoeysnes furelus) pue
“oue paysnd wc_wgv ‘0gaded
. VvOd J0 (9d4 ® se uoisnyul
\Amw _M..W_Mwoc uonng ays Jo aul|es ew.Jou
jou _ Aouanbaly ayy snsJaA ainpadoud
-pavodal u %__mn_&_m%wo SeM SaW09IN0 [ea1Bins ayy
SIUAA9 9SIGADE ON [Aueiuay Alepuodas JO pUs 8y} |Run 15 [el} [e31UI]9 PaJ|0AIu02-0gade|d ‘paziwopuey Asafins requin wiy
e101 (50>d) ayL ‘A1abins uoisnjui y/6/6w
_bm.“_w.swmmm ° Jlaye sinoy ¥ 18 -z e Aq pamoj|o}
peise opm%m_n_ 94095 ured (ww snjoq B/6w
o1 paredwoo | 00T70) (SVA) -G'T uoIsnjul
dnosb a|eas Bojeue aureaopl| Al
aureaopl| [ENSIA 3L
a1 Ut JoMO)| SeM aWooINo
Apueonubis Arewnd ayl
aIam
uondwnsuod
1Auriuay
pue $31098
SVA8yL
3100
0p-Alanodey
jo Auend sy
10 abuel pue
ueaW 8y} uo
SIUB/S 85 JBAPY uosnpuUoD awo2IN0 UoIUBA BRI | s199[gns Jo JequinN poylw Apnis pa1es J} uolIpuoD Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 February 23.

J Anesth Clin Res. Author manuscript



Page 28

Kandil et al.

Basneu Jo
8ouspIoul 8y}
paseasosp pue

“u/B>y/Bu

‘uoirezijigow Z 8uresopl| pue
pue Aujnow uleqeBaid feso
[eunsajuionseh uonorsIes BwogsT ‘1d dnolb
pausisey Sianed pue ‘anneladoriad
uoisnjul pue abieyasip uoisnyul
aureaopl| 0} swn aul|es Jew.Jou
snousneu| ‘uoiresajap pue ujeqefaid
“Juswalinbai 1811} 01 W Jeso Bw 05T ‘d
Muwmm_vcm%__%wuzm mwmumﬁwﬂ cowwwﬁmoE Mmﬂ%;ﬂ\mwhm%ow 08 pa]|0J1u09 paziwopuey Awoyo.ede| 8And9|3 uibuaz
uifeqehaid 'S109440 9pIS snjog snouaAeul
[e10 ‘uondwinsuod B/6w T suresop
'S3102S SYA o1sabeue pue sa|nsdea
aniresadoisod ‘31095 (SWA) 0gaoe|d ‘7 dnoio
pasealdap a[eas anfofeue uoisnyul
uoisnjul [ensiA aul|es jewJou
aureaopl| pue sajnsdea
snouaneul 0gaoed ‘9 dnoio
aniresadoriad sdnosb ¢
pue uljeqebaid
[el0
‘Novd sy ul
A1abuns Jown)
_c:owmmwasm im?:m%o %:m ayl
. ‘Novd [1un y/ox/0w g Jo
Siens m%_m%m ured Bsomn ut (SYN) afeas aJeJ ® Je uoIsnul v6 Pa]|0J1u09 paziwopuey Awojoluesd [elojuslesdns Buad
JUBIHIUDIS ON M_D\w_muﬂmg_%a Buires ouBWINN pue snjoq (B/6w
a1 Saseal0ap G'T) UIed0pI| Al
Apueayiubis
aureaopI
Aels jendsoy
10 y1bus| ‘K18bins
pue ‘uonouny Jaye y vz ogaoeyd -
"SJUBAS BSIBAPE Jamoq pue‘zt'8'v‘z | . a61ns
edIUbIS ON JO uInjal ‘a103s | 1B $810935 (SWA) SA (4eajoun asop) 9 P3I10AU0D pazwopuey u0]09 21dodsolede] pajsisse pueH SISIMALL
ured ur ogadejd | ajeds anbojeue suIBaopIl Al
0} Jouiadns [ensin
aureaopI
‘Aanins yjeay
‘A196ins 2T (4S) wioy
aulds xajdwoa | -u1oys ande ay} ‘NOVd
“paniodal SIS Jaye ured Buisn syyuow ay} ul pue Asbins
3SIBADE SNOLI3S ON anneladolsod € pue T 1e Bunnp ogaoe|d 91T PaJ10.3U09 paziwopuey Auabans auids xajdwo)d Beieq
k sanosduwil all Jo Aiend 10 (y/6y/6w
Apueayiubis '8]eos 2) autedopl| Al
aureaopl| Al asuodsal [eglan
'$9109S Ured
SIUB/S 85 JBAPY uosnpuUoD awo2IN0 UoIUBA BRI | s199[gns Jo JequinN poylw Apnis pa1es J} uolIpuoD Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 February 23.

J Anesth Clin Res. Author manuscript



Page 29

Kandil et al.

"ayoepeay ‘sjuawalinbal o1sabjeue
Ue ssaupapeayiybi U1 uononpal wediubi
P .coﬂmﬂmmﬁs t : m>m_o mw.NHH m.w.v.o 1S "Jalja4 ured 'y T 4310 By/bw z Aq JAN0SS04D
STuUI ‘ssauguINU UoREINp LW J0 19111 10 uoleInp Pamoj o} Ul Og Jano 05 pajjoJ1u09 ogaoe|d uted Jaoued Al01oeiyey ewleys
[eJouiad J0 wiioy ayp Ul ured up uewenoidiy | PUE OPMHUDEIL | snjoq By/Bui z sureoopry Papullq 21qnop sziwiopuey
S109443 pIS paW|-}IdS Jueoiubis
11J8Uaq ou pey swuatled 9
asuodsai
'30U3JO0UWOS lenJed pey sjusned g uted Jaoue &:m_mmﬁ_&om m%cwwmg 95 ‘pazAjeur
pue ABieyis| ured J1ay} A1010e1)81 : : sem ejep sjuaned T9 suaired ao1dsoy 89/ 10
pey %9z ‘pariodal 10 uoinjosal a19]dwod pioido c_cm\mv_\ m%moﬁw:mrmwp:_ ‘au1ed0pI1| SNOUBAR.IIUL M3IA3J 1Ieyd dA1198ds0119y ured Jaoued Ai0elay sewoyl
108443 9IS SNOLIAS ON PeY % YIIYM JO 30 Juswieal | 6 mm:u - m_w_:_on_ _n Buiniasal zg
o ured ui uswanoldwi /oW 2T sureaopr
Jofew pey syusned og
‘uononpal aIed ajl| c\mwmmwwwmmu asen w:mﬂdwwﬂwﬂ_d aqns BUIOUIDIRI0UBPE
asop Jaye panoidwi J0 pua pue ured sjuaied pioido 59520 Z /Bl 080T Sased 9 91435 SaseD an1dadsoay [e108y Jaoued Isealg
Yo1ym ssaupapeayiybi panoidwil aureaopi 10 WUaWIRaL] wols BulBUEI SUIEIopI] J0WnN] |eWIaP01I80INaN
uted Jaoued
‘uted Jo uInyal anp aIed ajl| ; . . J139ued
Syeam g Jayge pareadal 10 pus pue ured syusied EM_MM_%_ e Hms%_w_%cs%ﬁomu%mwmw_._ ases T 1odal ase) 1199 JeuUal d1eISEIBW ueueyong
8 0} papaau uoISnju| panoidwi sureaopI 10 UBLIERIL : : Aioyoeuya1 proldo
SIUBNS 85 JPAPY uosnpPuUoD awo2INO UoIUBA JBIU | s19(gns Jo JequinN poylw Apnis pa1es 11 uollIpuod loyiny

Author Manuscript

Author Manuscript

"ured Jaoued 10} UOISNLUI BUIRIOPI| JO SBIPN]S pue sliodal ased Jo Arewwing

€ 9lqeL

Author Manuscript

Author Manuscript

available in PMC 2017 February 23.

J Anesth Clin Res. Author manuscript



	Abstract
	Introduction
	Opioid Use Disorder
	Complications associated with chronic opioid use
	Chronic opioid use increases pain

	Systemic Lidocaine for Treatment of Neuropathic Pain
	Evidence for use of systemic lidocaine for perioperative pain
	Evidence for use of systemic lidocaine for cancer pain

	Conclusion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

