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Abstract

The use of opioid analgesics has created an opioid addiction epidemic in the
United States and around the world. One of the main responsibilities of the
emergency department is to address acute pain. In this paper we examine the
use of low dose ketamine as a safe substitute for opioid analgesics. Types of
pain are identified using prior established taxonomy, followed by discussing
types of management and treatments. The opioid epidemic and its societal
implications are considered. We also examine the side effects of ketamine
and the use of ketamine as an adjunct to analgesics used for pain control.
Recommendations and considerations for the use of ketamine are suggested,
and a low dose ketamine administration sample hospital policy is reviewed.
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1. Introduction

For many years, opioid analgesics have been the first line of choice for treatment
of acute pain in emergency departments around the world [1]. Unfortunately, it
has caused a rise in opioid addiction and increased mortality rate, which has
been linked to opioid prescriptions [2]. Because of this, the United States and
many countries have been attempting to address what has become an opioid ep-
idemic [3] [4]. The treatment of acute pain has been an important circumstance
around the opioid epidemic, and emergency departments have been the most
significantly frequent contact point between the healthcare providers and the
public [4].
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Ketamine was first introduced in 1965 and has fluctuated in popularity since
its introduction [5]. Since its release for commercial use, ketamine in low dosage
has been used for controlling pain during prehospitalization, hospitalization and
postoperative stages of care. It has not been consistently utilized for addressing
pain, and due to the chronic use of opioid analgesics, we now have an opioid ad-
diction epidemic. As an unintended consequence, the amount of lives lost con-
stitutes a public health crisis. A review of literature identifies the evidence of the
efficacy and safety of using low dose ketamine as an alternative to opioid anal-
gesics [6] [7] [8] [9].

2. Background of Acute Pain

Pain is defined as a physiologic response to painful stimuli on a body’s surface
and is transmitted through the spinal cord to the brain where it is perceived [10].
Pain is a multifaceted sensation felt through the use of the nervous system in-order
to be made aware of an abnormality in homeostasis. The change in condition may
be physical, psychological, may be new (acute) or prolonged (chronic). The con-
tinued development of the clinical definitions of acute and chronic pain and
their classifications and sub-classifications are important to society for use as a

tool for future prevention and treatment of pain [10].

2.1. Types of Acute Pain/Pathophysiology

Reference [10] applied the prior established multidimensional framework for
taxonomy of chronic pain by Dworkin, ef al (2016) to the subject of acute pain.
Reference [10] used the framework of the 5 dimensions to put into perspective
the characteristics of acute pain. The 5 dimensions include: 1) core diagnostic
criteria; 2) common features; 3) common medical and psychiatric comorbidities;
4) neurobiological, psychological, and functional consequences; 5) putative neuro-
biological, psychosocial mechanisms, risk factors, and protective factors [11].
The taxonomy development by Dworkin, et al (2016) was purposed to examine
and address the classification of pain with an evidence-based approach. As a re-
sult, the multidimensional framework was conceptualized as a tool used to or-
ganize characteristics of pain hierarchically [10].

Pain can be felt and identified in all body systems that have neurological
pathways. The pathophysiological mechanisms that are identified as enabling
pain include inflammatory, nociceptive (sensation), neuropathic and ischemic
[10] [11].

2.2. Treatment/Management

The measurement and treatment of acute pain starts with the initial assessment
process. In the emergency department, the mechanism or cause of the pain
should first be established. Then the assessment of the patient’s pain is com-
pleted by using rating scales which include but not limited to visual, numeric

and observed scales [10] [12]. Next, the method of treatment, which includes
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both nonpharmacological and pharmacological is personalized to reach optimal

treatment of acute pain.

2.3. Opioid Crisis/Addiction

The opioid crisis in the United States has become significantly worse over the
years. The mortality rate has risen by 9.6% from 2016 to 2017 for a total of
79,237 and approximately 67.8% (47,600) of the total overdoses were due to pre-
scription drugs [13].

The treatment of pain has been focused on pharmacological interventions
based on subjective data for the past 2 decades [14]. Furthermore, the pharma-
ceutical industry has been indicted in the falsification of studies completed for
opioid medications in order to persuade and influence prescribers to write for
opioids at higher doses and frequencies. Congressional hearings started in 2018
have addressed big pharmaceutical companies such as Perdue Pharma and pur-
sued criminal charges against them [14]. After years of litigation, the Stackler
family, owners of Purdue Pharmaceuticals were mandated to pay 3 billion dol-
lars total in damages. In the same settlement the Stackler family agreed to dis-
solve the company, forming a new one in order to continue to operate, while
completely relinquishing control of the company [15]. The Stacklers and Purdue
Pharma are also under investigation by the Department of Justice for criminal
charges. The criminal charges have been filed under the “continuing criminal
enterprise” statutes. Indicating the Stacklers were aware of specific physicians pre-
scribing opioids illegally and failing to report them [16]. These are statutes that are
usually used when prosecuting drug dealers. The original 3-billion-dollar settle-
ment was only the first settlement of the 50 states. Many state attorneys’ have
spoken out about their intentions to continue litigation [16]. The outcomes from
the litigation prove that the opioid epidemic was manufactured and real, and the
people and companies that helped fuel it will be held responsible. It is now a
problem in the hands of the healthcare field and by using SDK instead of opioid
analgesics we can help stop the epidemic instead of fueling it.

3. Indications for Administration of Low Dose Ketamine

Indications for pain management are wide ranging and stem from the root cause
of the pain. Ketamine at a low dose, has been used as a pharmacological inter-
vention for pain relief in the emergency department during procedural sedation
for many years [17]. Low dose ketamine in the emergency department may be
especially useful as an intervention for patients with refractory pain due to high
tolerance levels to opioid analgesics that may also have multifactorial compo-
nents such as neuropathic pain, depression and inflammatory processes [7].
Sub-dissociative dose of ketamine (SDK) also known as low dose ketamine has
been shown to have successful pain control in chronic non-traumatic chest pain,
musculoskeletal pain, vaso-occlusive pain and renal colic pain in the emergency

department [18].
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4. Pharmacological Acute Pain Management in the
Emergency Department

1) Opioid analgesics used for Acute pain

a) Morphine

Morphine is the most commonly used narcotic medication for acute pain
control in the emergency department and as such it is also the most widely
available [19] [21]. The most commonly used and lowest dosage of morphine is
0.1 mg per kilogram administered intramuscularly or intravenously (IM, IV) per
dose [19]. Morphine has been shown to have adverse side effects such as respi-
ratory depression and over-sedation [19].

b) Hydromorphone

Hydromorphone has been shown to have greater potency when compared to
morphine, which provides greater relief for acute pain in the emergency depart-
ment [22]. A retrospective chart review by Priano, Faley, Procopio, Hewitt, &
Feldman (2017) of patients’ in the emergency department that received mor-
phine vshydromorphone intravenously, indicated that the potency ratio of mor-
phine to hydromorphone was 7:1. The patients that received morphine had a
lower total opioid medication administered than patients that received Hydro-
morphone. For example, if a patient received four milligrams of Morphine ver-
sus one milligram of Hydromorphone that would equal 4:7 of opioid analgesic
[23]. Furthermore, the weight-based dosing for the emergency department for
acute pain is morphine (0.1 mg/kg) and hydromorphone (0.015 mg/kg) [23].

2) Non-opioids

a) Ketamine

Ketamine is considered a non-opioid analgesic medication and has a molecu-
lar composition of N-methyl-D-aspartate (NMDA) and functions as a glutamate
receptor antagonist [24]. Unlike opioid analgesic medications that function by
activating Mu receptors and are known agonists, low dose ketamine has a very
low rate of adverse effects on the respiratory drive caused by over-sedation [9]
[21] [24]. The characteristics of the molecular compound of ketamine and the
low rate of adverse effects in non-dissociative dosing make ketamine the deal
option for treatment of many types of pain. Cancer patients with chronic and
breakthrough pain have responded well to low-dose ketamine treatment, with-
out adverse side effects of hypoxia and respiratory depression [25]. Ketamine has
multiple methods of effect that include hypnotic, analgesic, and amnesic making
it the only drug to have all three properties in one [26].

Ketamine also has many treatment routes including intranasal treatment, SQ,
IM, PO, IV treatment. Intranasal ketamine is especially useful as an adjunct
treatment for refractory pain in cancer patients that are unable to swallow me-
dication properly and may need an alternative route for treatment [27]. In one
study overviewing Ketamine’s potential benefits and risks it was considered the
preferred medication used to treat pain in patients with hemodynamic instability
[26].
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5. Comparison in the Reduction of Acute Pain

The risks of using opioid analgesics such as hydromorphone and morphine for
patients to treat short-term acute pain may be too great on our society for pro-
viders to ignore [2]. The utilization of non-opioid analgesic may provide practi-
tioners the tool they need to treat acute pain while helping fight the opioid epi-
demic [2]. Despite the admission by most studies that further evaluation of ke-
tamine in all its forms is necessary, low dose, sub-dissociative ketamine use has
been identified as a valid alternative for treating acute pain either as an adjunct
or in place of opioid analgesics [1] [25]. In a single-center, double-blinded, ran-
domized study the effectiveness of ketamine versus hydromorphone was inves-
tigated by allowing patients to use breakthrough opioid analgesics while on ei-
ther a ketamine or hydromorphone patient controlled analgesic (PCA). The pa-
tients using ketamine used less breakthrough opioid analgesics and required less
oxygenation, yet the study concluded further studies were necessary for to inves-
tigate the tolerability of ketamine vs traditional opioid based PCA [1]. The use of
ketamine as an alternative for the acute exacerbation of chronic pain related to
malignant disease was reviewed and ketamine although ketamine was effective,
the authors concluded that more randomized controlled studies were needed [25].

A comprehensive systematic review and meta-analysis of randomized con-
trolled trials compared intravenous opioid analgesics to low-dose ketamine for
relief of acute pain in the emergency department and concluded that ketamine is
not inferior to morphine and was a viable alternative to opioids in the emergen-
cy department [28]. A prospective, randomized, double-blind trial held in an
emergency department for patients from the age of 18 - 55 that suffered acute,
moderate to severe, abdominal, flank and musculoskeletal pain found that
sub-dissociative doses of ketamine were successful in treating pain in compari-
son to intravenous morphine with a confidence index of 95% and P < 0.05 de-
noting statistical significance [21].

A double-blind randomized placebo trial found that ketamine, as an adjunct,
was effective in acute pain control and lowered the overall opioid dose utilized by
the patients in the ketamine group [29]. Although further studies are needed to
further evaluate the efficacy of ketamine versus other opioid analgesics with higher
confidence, it is important to recognize the lower demand and lower dose admin-

istration of opioid analgesics while using ketamine for acute pain control [29].

6. Considerations for Practitioners and Nurses

If low dose ketamine is used in the emergency department as a pharmacological
treatment for pain, it is important to take into consideration the risks and bene-
fits, least effective and most effective uses. Low dose ketamine is an effective
pharmacological treatment of pain by itself and as an adjunct to opioids [7] [30]
because it is a non-competitive NMDA antagonist and it does not interfere with
receptors used by opioids [7] [19] [30]. As an adjunct therapy, it is especially
important to consider the dosing of opioids in order to prevent opioid-ketamine
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adverse reactions. The need for opioids such as morphine may be reduced by
26% - 60% when ketamine is used as an adjunct [30]. Non-severe adverse effects
that need to be monitored and treated due to low dose ketamine include nausea,
dizziness, drowsiness, vomiting, decreased oxygen saturation [19] [28]. Opioids
such as morphine also have similar non-severe adverse effects [19] [28], but their
use also worsens the opioid epidemic [2] [14].

There have been concerns about ketamine causing increased intercranial
pressure (ICP) since the initial reports of patient’s suffering increased ICP came
out during the 1970’s. Ketamine was stigmatized and medical literature from
then on contraindicated the use of ketamine for patients with neurological dis-
orders [31]. Upon re-examination of the 1970’s studies reporting the increased
ICP it was found that the patients requiring intervention all had preexisting hy-
drocephalus with no intact cerebral spinal fluid flow [31]. The increase in ICP is
caused by increased blood flow due to cerebral vasodilation, preserving or im-
proving cerebral perfusion [20] [31]. Therefore increased ICP is only contrain-
dicated in use for patients with preexisting hydrocephalus.

The risk of transient hypoxia or major hypoxic adverse reactions is very low.
In one study SDK was used to treat acute pain in an emergency department for 2
years on a total of five hundred thirty patients, of which only 7 patients (1.5%)
had a hypoxic adverse reaction [32]. Although SDK or low dose ketamine is a
promising alternative to the monotherapy focused use of opioids more widely
practiced today, the administration of SDK may prove to be cumbersome de-
pending on several factors. The administration of ketamine by registered nurses
may have guidelines published by the state board. These guidelines are considered
nursing protocols and must be adhered to by registered nurses in each state. For
example, the Texas Board of Nursing (BON) published a statement requiring the
orders for SDK to be written by anesthesiologists or pain specialists, which is then
to be given by the registered nurse in the emergency department setting [20]. This
type of guideline severely limits registered nurses in Texas from administering
SDK. Hospital policy and procedures are another level of guidance to be consi-
dered, as they almost always further dictate nursing procedure. Most protocols and
guidelines whether on the state or organizational level, all concur that monitoring
parameters include hemodynamic, mental status, pulse oximetry, and telemetry
[20]. The experience, expertise, and knowledge of the nurse administering the
SDK should also be taken into careful consideration in the emergency setting. Al-
though in many hospital policy and procedures the administration of SDK is still
considered conscious sedation, hospital policies do not all require one on one
monitoring for administering SDK [33]. Although the dose of the ketamine should
be the deciding factor of the level and length of monitoring, many physicians and

practitioners are still reluctant to use SDK due to the fear of lacking resources.

7. Recommendations

An Emergency Department in a medium sized community hospital adapted and
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initiated a policy and procedure protocol regarding the administration of low
dose ketamine. While keeping in mind their mission and core values, they
created a policy that ensured safe and effective pain management using low dose
ketamine (0.3 mg/kg pushed over 5 minutes) as an alternative or adjunct to the
use of opioid analgesics. Prior to giving the medication, the patient must be on
continuous telemetry, pulse oximetry, hemodynamic monitoring. After admi-
nistering the ketamine, the patient must be monitored for 60 minutes post last
dose. Although the patient needs careful and close monitoring, the policy does
not require the patient to be monitored 1:1 [33] (see Table 1).

Table 1. Low Dose Ketamine Use in the Emergency Department.

Low Dose Ketamine Use in
the Emergency Department

Procedure/General Instructions

Indications

1) Acute Traumatic pain (e.g., fractures, lacerations, dislocations, burns)
2) Acute non-traumatic pain (e.g., abdominal, flank, back, headache)

3) Chronic pain conditions

4) Analgesic resistant pain

5) Sickle cell pain crisis [34]

Contraindications

1) Schizophrenia/psychosis
2) Age <3 months or >75 years
3) Pregnant/breastfeeding
4) Hypersensitivity to ketamine
5) Active chest pain, ischemia, acute heart failure (HF)
6) Advanced liver disease
7) Unstable Vitals:
a) Systolic Blood pressure <90 or >180
b) Heart rate <50 or >150
¢) Respiratory rate <10 or >30 [21]

Medication Adminstration

1) The medication must be administered by a registered nurse [21]

1) 0.3 mg/kg of ketamine slow intravenous push over 5 minutes

Dosin,
& a) May repeat dose as needed every 30 minutes [21]
1) Document pain level and vital signs prior to administration
Monitoring 2) All patients to be monitored using continuous pulse oximetry and telemetry

Reassess pain level and vital signs 30 minutes after administration [33]

Management of Adverse Reactions

1) Nausea/vomiting: anti-emetic per physician order

2) Respiratory: repositioning, supplemental oxygen, suction, bag-valve mask
Agitation, hallucinations: maintain calm quite environment, dim

lighting, benzodiazepine [33]

Discharge

1) The patient should be observed at least 60 minutes beyond final drug administration and

until patient attains pretreatment levels of verbalization and awareness, and purposeful

neuromuscular activity seems reasonable

2) Patient should be advised that they may experience ataxia for hours and that family

observation is warranted

3) Patient should be advised to avoid driving a motor vehicle upon discharge for at least 8 hours
a) An effort will be made to provide safe transportations, and/or the patient will be held in
the ED until safe discharge can be made [33]
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8. Conclusion

Pain is the most common complaint stated by patients in the emergency de-
partment, and the unsuccessful treatment of pain can exacerbate any accompa-
nying diagnosis, therefore, it is of the utmost importance for providers to treat
pain using a safe and proven alternative to opioid analgesics. Improper man-
agement of acute and chronic pain with opioid analgesics can be costly to the
healthcare system and the society. The use of low dose ketamine for pain man-
agement in the emergency department is rapidly growing because it has proven
to be effective in pain management compared to opioid analgesics such as mor-
phine sulfate and hydromorphone. As providers attempt to effectively treat pain,
they must take into consideration the adverse effects of using opioid analgesics
and look to viable alternatives such as low dose ketamine. Although more stu-
dies are necessary to further investigate the effectiveness of ketamine in all doses,
forms and in different clinical settings, studies have provided confidence in the
use of low dose ketamine in the emergency department. Ketamine use in the
emergency department has resulted in effective pain management as an adjunct
resulting in less use of opioids. This review of literature helps put into perspec-
tive the danger of the opioid epidemic, the role of providers and the emergency
department in treating pain, and the need for providers to use proven alterna-

tives such as low dose ketamine for pain control.
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