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Abstract 

 

There is no curative pharmacologic treatment for acute kidney injury (AKI). However, these 

episodes of AKI can be frequent in critically ill pediatric patients admitted to the intensive care 

unit. The classification of pediatric AKI is based upon increased serum creatinine levels or 

decreases in urine output. Pediatric AKI can be classified depending on what criteria and which 

guideline for treatment is used. Optimization of volume status and blood pressure, avoidance of 

nephrotoxins, and nutritional support are critical for early stage or patients at high risk for 

developing AKI to decrease mortality and improve long term outcomes in selected pediatric 

patient populations such as neonates, young adults, and transplant patients.
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cute Kidney Injury (AKI) is an 

condition in which the kidneys 

abruprtly cannot filter waste from 

the blood properly. This leads to symptoms 

such as low urine output, abdnormal swelling 

around the body due to edema, hypertension, 

fatigue or tiredness, and even seizures or 

coma in serious cases.1 Each year in the 

United States an estimated 13.3 million 

people are diagnosed with AKI; 

approximently one-third of critically ill 

pediatric patients  in the United States 

admitted to intensive care units  are 

diagnosed with AKI.2,3 Not only is AKI 

common in pediatric intensive care units 

(PICU’s), but is also common in infants and 

children undergoing cardiac surgery, with an 

incidence rate of 30-50%.3 The crucial role of 

the pharmacist in the care of these patients is 

utilizing their knowledge on fluid status and 

symptomatic relief to effectively reduce long 

term outcomes such as chronic kidney 

disease (CKD) or cardiovascular disease in 

pediatric patient populations. 

 

Definition and Background 

The 2012 Kidney Disease: Improving 

Global Outcomes (KDIGO) Clinical Practice 

Guideline for Acute Kidney Injury contains 

the treatment goals for pediatric patients as 

well as different staging systems to be used 

when diagnosing these patient populations.4 

One such  system is the pRIFLE (pediatric 

Risk, Injury, Failure, Loss of kidney 

function, and End-stage kidney disease). The 

pRIFLE system uses creatinine clearance 

(CrCl) based on the Schwartz formula to 

estimate the change in glomerular filtration 

rate (GFR) rather than serum creatinine (SCr) 

levels.4 The rise in SCr by 0.3 mg/dl within 

48 hours is defined as AKI by the Acute 

Kidney Injury Network (AKIN).4 The 

pRIFLE system is most widely used by 

clinicians today as the classical system of 

diagnosing AKI in pediatric patients. 

However, the KDIGO definition and staging 

system for AKI is the most recent and 

preferred definition utilized in the pediatric 

AKI literature.4 

This KDIGO AKI definition applies 

to both children and adults, has a less 

restrictive diagnostic timeframe than AKIN, 

and has been validated in hospitalized 

children with both critical and noncritical 

illness.3 In this system, the SCr and urine 

output are taken into account to stage an AKI 

at 1, 2, or 3 with 3 being the most extensive 

insult. For example, if a patient has a urine 

output of less than 0.5 ml/kg/hr for 8 hours 

and a SCr that is 1.5-1.9 times baseline, then 

the patient fits into stage 1 AKI.5 There is no 

clear guideline on what is defined as baseline, 

but generally the literature defines it as the 

lowest SCr measured in the previous 3 

months.5 The KDIGO AKI definition, created 

in 2012, is still working its way into 

children’s hospitals. Many clinicians still 

veer to the pRIFLE system for guiding 

treatment of pediatric AKI.4 

Along with understanding the 

pathophysiology of AKI and 

pharmacotherapy for it, one must also 

understand pediatric pharmacokinetics. In 

neonates, immature enzyme development 

and renal function can lead to reduced 

clearance.6 This is because nephrons do not 

become completely functional until 36 weeks 

gestation.6 With the advent of new age 

medicine and many neonates are being born 

before the full term, patients may be born 

without fully functioning kidneys.6 These 

patients must have their blood pressure, fluid 

status, and kidney function monitored 

A 
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closely. In contrast, increased renal clearance 

of drugs is seen in children older than 1 year 

to children at prepubescent age due to the rate 

of maturation of the kidneys exceeding the 

increase in body size.7 These variations can 

also lead to the high probability of drug-

induced AKI in pediatric patients.7 It is 

important for pharmacists and clinicians to 

keep hese principles in mind and take extra 

care to dose fluids and medications correctly. 

 

Fluid and Electrolyte Considerations 

The 2018 Clinical Practice Guideline 

for Maintenance Intravenous Fluids in 

Children can help pharmacists accurately 

dose fluid orders for pediatric patients.8 

Historically, the debate has been whether to 

dose pediatric patients with isotonic or 

hypotonic fluid, with the latter often winning 

out.8 The water requirement for dosing 

hypotonic fluid was based on the energy 

expenditure of healthy children, with 1 mL of 

fluid provided for each kilocalorie (kcal) 

expended, or 1500 mL/m2 per day.8  One 

problem with this is that this can lead to 

children developing symptomatic 

hyponatremia. Pediatric patients are at 

particularly high risk of developing 

hyponatremia because of their larger 

brain/skull size ratio.8  

AKI is common in patients presenting 

with hyponatremia and is usually of prerenal 

origin, meaning that the choice of 

hyponatremic solutions may not be 

appropriate.9 Thus, the category 1A 

recommendation from the guidelines is that 

patients 28 days to 18 years of age requiring 

maintenance intravenous fluids (including 

patients with AKI), should receive isotonic 

solutions with appropriate potassium and 

dextrose because they significantly decrease 

the risk of developing this hyponatremia.8 

The choice of isotonic fluid should be 

reviewed by the pharmacist and chosen 

accordingly in pediatric patients with AKI. It 

is worth mentioning that the dose of fluid 

needs to be adjusted on the basis of the 

unique physiologic needs of each patient 

during the 4 phases of fluid therapy 

(resuscitation phase, the optimization phase, 

the stabilization phase and the evacuation 

phase). A specific fixed dose may not be 

applied to all patients.8 

  

Neonatal Considerations 

Existing research on pediatric AKI 

has largely excluded neonates.10 The term 

“neonate” is defined as the first 4 weeks of 

life, when the most changes take place post-

birth.10 The data that exists is mostly from 

neonates in the neonatal intensive care unit 

(NICU) or those undergoing surgical repair 

for congenital heart disease.10 The National 

Insitute of Diabetes and Digestive and 

Kidney (NIDDK) has set forth the most 

current criteria for the identification of 

neonatal AKI versus the pediatric 

definition.10 In this definition, established in 

2016, stage 1 AKI is still a greater than 0.3 

mg/dl rise within 48 hours or greater than 1.5-

1.9 times baseline, but the baseline is 

different.10 There is no baseline SCr in 

neonates, so it should be measured day to 

day, especially because the SCr should be 

physiologically decreasing postnatally.10 

Additionally, the urine output criteria 

changes for neonates. Instead of less than 0.5 

mg/kg/hr for 8 hours, one must watch 

neonates for less than or equal to 1 mg/kg/hr 

for 24 hours before action should be done in 

stage 1 AKI.10 

The prognosis of AKI in neonates is 

dependent on both the origin of the injury and 

also on the gestational age; patients born 
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premature (before 37 weeks of pregnancy) 

are at higher risk for AKI, and patients born 

with AKI of the prerenal origin carry the 

worst prognosis.11 Similar to older children, 

neonates have lower serum sodium levels, 

and should be monitored for all slight 

electrolyte imbalances. It is worth 

mentioning that in the setting of AKI in 

neonatal care, a low serum sodium level is 

best treated with fluid restriction rather than 

with isotonic fluid or sodium 

supplementation.11 The potassium level must 

be closely monitored in these patients as well, 

and early recognition is critical. Management 

of high potassium (hyperkalemia) should be 

swift with calcium gluconate for cardiac 

stabilization, dextrose with insulin, and 

excretion of potassium through the use of 

loop diuretics.11 Despite these medications, 

25-50% of patients do pass away if afflicted 

with an AKI.11 Additionally, long-term 

problems often do appear in survivors. 

  

Prognosis Considerations 

Not only has AKI has been associated 

with poor short-term outcomes, but 

investigators have also established an 

association between AKI and CKD 

development later in life.12 Regardless of the 

cause of the AKI, renal dysfunction later in 

life is possible due to fibrosis of the nephrons 

and reduced renal mass.12 Because the 

tubules are growing during the first phase of 

life, tubules fail to differentiate and then do 

not regain normal function, and continue to 

produce proinflammatory and profibrotic 

signals.12 In numerous studies, proteinuria, 

hypertension, eGFR < 60 ml/min/1.73 m2, 

and hyperfiltration due to kidney fibrosis are 

grouped into one outcome of “renal 

dysfunction”, also known as contributing 

factors to  CKD.12 One such study, Menon et 

al., examined 100 children who developed 

AKI and found impressively high rates of 

proteinuria (68.5%), hypertension (37.6%), 

and an eGFR of < 60 mL/min/1.73 m2 

(23.4%).13 The best available data in children 

demonstrate that chronic renal squelae 

following episodes of AKI predispose 

patients to CKD, meaning it is the prevention 

of AKI that is critical.13 

 

Kidney Transplant Considerations 

Hospital systems have veered in 

favor of kidney transplantation of children 

with the advent of new age medicine, which 

enables faster allocation.14 Therefore, 

pharmacists and specifically pediatric 

pharmacists must be well equipped with the 

information needed to treat these patients 

and prevent AKI. The KDIGO Clinical 

Practice Guideline on the Evaluation and 

Management of Candidates for Kidney 

Transplantation contains the guidelines for 

the care of pediatric patients needing a 

kidney transplant and strategies to prevent 

AKI in these patients.15 The eGFR 

requirement for kidney transplant surgery 

for pediatric patients is an important 

differentiation from adult patients. A 

category 1D recommendation from the 

guidelines includes that when a live donor is 

available or where pre-emptive deceased 

donor transplantation is possible, cases 

should proceed when the eGFR is is less 

than 15 ml/min/1.73 m2.15 This is different 

from adults, where the eGFR needs to be 

less than 10 ml/min/1.73 m2 in order to 

undergo transplantation.15  

Studies have shown that children that 

undergo kidney transplantation have higher 

rates of AKI, and should be treated and 

managed efficiently.15,16 Alkandari et al. a 

retrospective longitudinal analysis at The 
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Hospital for Sick Children in Toronto, found 

that AKI was common after pediatric kidney 

transplantation, and it was associated with 

graft loss, lower eGFR, and more rapid 

progression of CKD.16 

 

Conclusion 

There is no true curative treatment for 

AKI, but these episodes are common in 

pediatric patients and especially in those pre-

disposed to AKI such as neonates and 

transplant patients. The KDIGO clinical 

practice guideline contains the best 

recommendations for both the identification 

and management of these patients. When 

possible, prevention of AKI is the primary 

goal, but early recognition and mitigation are 

crucial. The role of the pharmacist is to treat 

the symptoms and restore fluid status as 

quickly as possible in these patient 

populations, and be adequately prepared if 

the pediatric patient were to present with an 

AKI. 
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Abstract 

 

Increases in intracranial pressure (ICP) secondary to cerebral edema or hemorrhage is a notable 

complication that may arise following a traumatic brain injury (TBI). The main goal in the 

management of elevated ICP is prevention of secondary brain injury. The 2016 Brain Trauma 

Foundation Guidelines for the Management of Severe Traumatic Brain Injury recommend 

hyperosmolar therapy in the treatment algorithm for reducing ICP, with the previous guideline 

edition suggesting that mannitol is an effective hyperosmolar agent. The guidelines acknowledge 

that hypertonic saline has become increasingly popular as an alternative agent to mannitol, 

possibly due to a longer duration of action and a reduced likelihood of inducing electrolyte 

abnormalities. The guidelines indicate that there is a lack of sufficient evidence required to make 

a formal recommendation supporting the use of one particular hyperosmolar agent. Since 

osmotherapy fluid selection is left to clinician preference,  these healthcare providers should be 

informed about differences in mechanisms which may influence perceived benefits, potential off-

target effects, as well as patient groups in which one agent may be favored.
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 raumatic brain injury (TBI) most 

commonly occurs as a result of a fall, 

motor vehicle accident, firearm-

related suicide or assault. In 2019, there 

were 60,611 TBI-reated deaths in the United 

States and in 2018, approximately 223, 050 

hospitalizations occurred secondary to TBI.1 

While adults of advanced age are at an 

increased likelihood of hospitalization and 

death due to TBI, such injuries may be 

misdiagnosed or missed entirely due to 

overlapping symptoms with other disease 

states commonly seen in this age group, 

such as dementia.2 

Following a TBI, an increase in 

intracranial pressure (ICP) may occur.3 In 

other words, the pressure within the 

craniospinal compartment, which is 

comprised of brain tissue, blood, and 

cerebrospinal fluid (CSF) increases.3 This 

increase in ICP may be the result of cerebral 

edema or hemorrhage causing the collection 

of fluid at the site of injury.3 Left untreated, 

elevated ICP may ultimately result in 

seizures, coma, stroke, or death. Prompt 

treatment is critical in order to prevent long 

term complications and mortality. Further 

brain injury that may occur following the 

initial offense is caused by CSF exiting the 

ventricular system and entering the spinal 

subarachnoid space, causing a reduction in 

blood volume as blood exits the veins and 

arteries. Consequently, fluid accumulates in 

the brainn and this is referred to as cerebral 

edema.4 This depletion of blood volume 

jeopardizes cerebral perfusion pressure 

(CPP), which may be calculated as the 

difference of mean arterial pressure (MAP) 

and ICP. As the blood volume decreases, the 

body maintains cerebral perfusion by 

inducing systemic hypertension as a 

compensatory mechanism to preserve an 

adequate MAP.4 Eventually this 

accommodation is exhausted and ICP will 

continue to rise exponentially to the point of 

diminished cerebral blood flow if 

interventions are not made.3 

A mainstay in the pharmacologic 

approach in reducing ICP is hyperosmolar 

therapy, with mannitol and hypertonic saline 

being the most common agents.3,5 The 2016 

Brain Trauma Foundation Guidelines for the 

Management of Severe Traumatic Brain 

Injury do not indicate a preferred 

osmotherapy agent.5 Trials to date have been 

small and primarily retrospective or 

observational, thereby limiting the number 

of comparative studies to assist a clinician in 

selecting an osmotic agent.5 Given the 

nature of this treatment selection, it is 

imperative that clinicians are made aware of 

advantages and limitations alike for the 

osmotherapy agents available. The 

mechanistic goal of hyperosmolar therapy is 

to promote the movement of fluid from the 

intracellular and interstitial spaces and into 

the intravascular space by increasing plasma 

osmolarity.4 This results in a net expansion 

of blood volume to increase blood perfusion, 

neuronal dehydration to alleviate cerebral 

edema, and endothelial dehydration to 

reduce capillary wall thickness, further 

promoting blood flow and brain 

oxygenation.4 

 

 

 

 

T  
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Hyperosmolar Agents 

Mannitol 

Mannitol has been the recommended 

agent for use in hyperosmolar therapy since 

the 1960s and the guidelines still 

recommend its use.3 The initial mechanism 

by which mannitol reduces ICP is by 

enhancing the flow of blood. Lowering 

blood viscosity allows blood to flow more 

easily through the vasculature and promote 

oxygen delivery to the brain.3,4 Assuming 

compensatory pathways are intact, the body 

recognizes an improvement in blood 

viscosity and increase in intravascular 

volume and subsequently induces cerebral 

vasoconstriction.3 This constriction of 

arterioles will lower the total blood volume 

in the brain tissue, thereby decreasing ICP. 

If this autoregulation is not functional, the 

decrease in ICP seen by this mechanism will 

be minimal.3 This is one explanation for 

potential ineffectiveness of mannitol in the 

management of intracranial hypertension. 

An additional mechanism by which 

mannitol reduces ICP is through the 

formation of an osmotic gradient.3 Mannitol 

extracts water from intracellular and 

interstitial spaces in the brain and returns it 

to the intravascular space to increase total 

blood volume and reduce cerebral swelling.3 

An obstacle to hyperosmolar therapy, 

regardless of the selected agent, is that it 

requires an intact blood-brain barrier in 

order to support the movement of fluid 

across the osmotic membrane.3 In instances 

where the blood-brain barrier is 

compromised, osmotic substances such as 

fluid and electrolytes will accumulate in the 

brain tissue and subsequently draw fluid into 

the area, resulting in cerebral edema.9 These 

molecules may alter the osmotic equilibrium 

between blood and interstitial fluid on either 

side of the blood brain barrier and cause an 

inability of fluid to shift out of the brain via 

osmotic gradient.7 Studies have shown that if 

the blood-brain brain is impaired, fluid loss 

may still occur in regions of both injured 

and uninjured brain tissue, although the vast 

majority of water extraction will occur from 

sites of uninjured tissue.3 

Mannitol 20% is more commonly 

used for reduction of elevated ICP, although 

25% concentrations may be used as well.7 

The guideline recommended dose of 

mannitol for management of elevated ICP is 

0.25 g/kg to 1 g/kg,5 with more recent data 

demonstrating that doses <0.5 g/kg are 

considered to be less effective.7 Mannitol 

will reduce ICP and increase cerebral blood 

flow in a dose-dependent manner and will 

not decrease ICP if it is not elevated at 

baseline.8 

One disadvantage to using mannitol 

is that approximately 45 minutes after 

administration of mannitol IV bolus, 

osmotic diuresis occurs.4 As mannitol 

continues through the promixal convoluted 

tubule and loop of Henle, free water is 

unable to be reabsorbed into systemic 

circulation as the hyperosmolar solution 

progresses through the nephron.4 This 

causes a suppression of antidiuretic hormone 

and activation of atrial natriuretic peptide, 

leading to further urine dilution.4 

Consequences of diuresis are a reduction in 

blood volume, resulting in systemic 

hypotension and jeopardized cerebral 

perfusion pressure,4 thus mannitol may not 
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be a favorable agent in patients with 

increased ICP and systemic hypotension.8 

Due to the risk of osmotic nephrosis 

secondary to mannitol administration, this 

agent is contraindicated in patients with 

renal failure.7 Additionally, a concept known 

as “rebound phenomonen” has been 

observed with mannitol administration in 

patients with intracranial hypertension 

secondary to cerebral edema.3 This 

complication may be caused by the central 

nervous system compensating for the sudden 

loss of fluid in the brain secondary to 

mannitol administration. This compensatory 

mechanism involves the promotion of an 

increase in electrolyte concentration in the 

brain to restore the edematous state.3 This 

rebound activity is identified by the return to 

elevated ICP levels, sometimes even 

exceeding those present before 

hyperosmotic therapy. 

 

Hypertonic saline 

Hypertonic saline (HTS) is another 

commonly used agent for the reduction of 

elevated ICP in traumatic brain-injured 

patients. As with mannitol, HTS exerts its 

ICP reducing effects through various 

mechanisms. HTS demonstrates 

modifications in rheology to reduce blood 

viscosity and promote initial increases in 

blood flow reaching cerebral tissue.3 HTS 

produces a similar osmotic gradient to that 

of mannitol, drawing free water from the 

brain tissue environment and into the 

intravascular space for an immediate effect 

on cerebral edema.9 Not only have studies 

been published that report more prominent 

and longer durations of reduction of ICP 

occur following HTS therapy, but HTS is 

devoid of the rebound phenomenon as seen 

with mannitol.3 Crystalloids, such as HTS, 

are typically preferred agents for fluid 

therapy in comparison to colloids, like 

mannitol.9 This preference is rooted in the 

composition of crystalloids being most 

similar with the normal constituents of the 

intracellular and extracellular spaces within 

the body.9 Such a similarity allows for the 

osmotic substances within the exogenous 

fluid to be redistributed in the body more 

easily.9 This redistribution minimizes the 

central nervous system compensation as 

seen with mannitol treatment, thereby 

avoiding rebound pressure.9 

HTS has also been identified as 

having immunomodulatory effects which 

may regulate the immune system to promote 

favorable conditions for reductions in 

intracranial hypertension.9 HTS can function 

to alter vasomotor tone and induce nitric 

oxide and endothelin release, in addition to 

reversing macrophage proinflammatory 

effects.9 The net result with such anti-

inflammatory activity is a reversal of 

endothelial cell swelling, increase in 

capillary lumen, and subsequent 

improvement in cerebral blood flow and 

perfusion.9 

The current HTS dose used in the 

management of intracranial hypertension is 

sodium chloride 23.4% 30 mL IV bolus over 

2 to 10 minutes as needed to reduce 

elevations in ICP, to be administered via 

central venous access only.10 An alternative 

which would permit peripheral venous 

administration, thereby being more practical 

for prehospital administration, as well as 

emergent cases in the ED when central 
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venous access is not readily available is 

sodium chloride 3% 30 to 50 mL/hour IV 

continuous infusion to be titrated to a serum 

sodium concentration between 145 to 155 

mEq/L.10 This variability in dosing 

recommendations reinforces the need for 

high quality comparative studies in order to 

establish optimal dosing. 

 

Comparison 

The guidelines recognize a rise in 

popularity of HTS as an alternative agent to 

mannitol, but emphasize the absence of 

sufficient evidence comparing both agents to 

make a reliable recommendation.3 Case 

series have been conducted demonstrating a 

clinical role for HTS use as both an 

alternative and as adjunct therapy to 

mannitol.3 A patient’s electrolyte status on 

presentation may have an impact on agent 

selection as well. Several studies have 

reported data regarding serum osmolarity 

and electrolytes following mannitol or HTS 

administration.3,7,11,12 Target osmolarity for 

the indication of intracranial hypertension is 

between 310 and 320 mOsm/L and the 

increase in serum osmolality towards this 

goal is significantly greater in the HTS 

treatment groups.7 With regard to sodium 

levels, mannitol may induce hyponatremia 

via inhibition of sodium resorption across 

the renal tubule, leading to excretion.3 Given 

the possibility of hyponatremia, mannitol is 

not an ideal hyperosmotic agent to treat a 

patient presenting with a low sodium level. 

However, mannitol may be better suited for 

normotensive patients with hypernatremia in 

order to prevent worsening of sodium serum 

levels.12 Additional electrolyte abnormalities 

associated with mannitol include 

hyperkalemia, hypokalemia, 

hypomagnesemia, and hypophosphatemia.7 

Studies have reported consistently elevated 

serum sodium levels associated with 

treatment of HTS, although levels remained 

within normal limits.11 Since concentrations 

of HTS used ranges from 3% to 23.4%, 

solutions can vary widely in sodium content 

suggesting that the degree of risk for 

hypernatremia may vary as well.7,12 

The reflection coefficient of HTS is 

1.0, suggesting that solutes are entirely 

impermeable to an intact membrane.11 

Theorectically this will lead to a greater 

extent of fluid withdrawing from the brain 

tissue in comparison with mannitol, which 

has a reflection coefficient of  0.9 and 

though mostly impermeable to solutes, may 

have a lessened effect on reducing ICP.3 

Mannitol has shown to be progressively less 

effective with subsequent administration, 

therefore HTS plays an important role in the 

management of elevated ICP refractory to 

mannitol.3 

Another possible advantage to using 

HTS as an alternative to mannitol is HTS 

has a prolonged effect on the reduction of 

ICP as it does not undergo the diuresis 

mechanism like mannitol. In the absence of 

diuresis, the volume expansion within the 

vasculature will be sustained for a longer 

duration.11 This may prove to be beneficial 

in patients presenting with hypotension 

and/or hypovolemia. HTS has repeatedly 

shown to have a more rapid onset and a 

greater duration of ICP reduction.9 Given 

this rapid ICP reduction, HTS may be 

superior in the way of minimizing secondary 

brain damage to preventing neurologic 
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deterioration.9,12 However, as far as all-

cause mortality effects, there is no 

significant difference between the two 

agents.12 Despite this perceived benefit over 

mannitol, several studies have indicated that 

there are minimal clinical outcome 

differences regarding neurologic 

outcomes.7,8 Larger studies may be needed 

in order to demonstrate significance of the 

clinical benefits of the onset and sustained 

ICP reduction of HTS on neurologic 

outcomes. 

HTS seems to be advantageous over 

mannitol relative to cardiac output 

performance.11 HTS offers a sustained effect 

on increasing blood volume, whereas 

mannitol readily undergoes diuresis 

resulting in depleted blood volume.11 

Therefore, it is suggested that HTS provides 

a better stroke volume and cardiac output 

profile compared to mannitol.11 For this 

reason, HTS may be a more appealing agent 

for patients with hypovolemia or 

hypotension.11 This desired impact on 

cardiac output will also increase mean 

arterial pressure, thereby increasing cerebral 

perfusion pressure, especially as intracranial 

pressure is inversely decreased through 

osmotherapy. 

 

Limitations 

As emphasized by the 2017 

Guidelines for the Management of Severe 

Traumatic Brain Injury, a lack of 

comparative studies poses a challenge in 

recognizing either mannitol or HTS as the 

superior agent for the management of 

intracranial hypertension following TBI. 

The challenges faced by researchers 

conducting comparative analyses on 

mannitol and HTS use is the degree of 

heterogeneity of the individual trials. 

Differing comparators, dosing regimens, 

small sample sizes, and differences in 

clinical settings at the time of administration 

are all factors that may contribute to 

heterogeneity among studies, if they are not 

first deemed ineligible per systematic review 

or meta-analysis exclusion criteria.12 Many 

studies are conducted in the ICU, which may 

pose difficulties when extrapolating the data 

to apply to unstable patients presenting to 

the ED or in prehospital settings.12 

 

Conclusion 

The guidelines recogonize 

hyperosmolar therapy as the initial treatment 

in the medical management of elevated ICP. 

The recommendation for the use of mannitol 

in hyperosmolar therapy has been carried 

forward from previous guideline editions.5 

Despite off-label use of HTS for this same 

indication, the guidelines are unable to make 

a formal recommendation between HTS and 

mannitol due to current data being 

insufficient to permit changes in standards 

of care.5 The data that is available influences 

clinicians’ decisions regarding hyperosmolar 

therapy in an area where further research is 

yet to be conducted. Large studies are 

needed to compare clinical improvements 

and differences in all-cause mortality as 

none are currently available, leaving 

conclusions to be drawn from heterogenous 

studies with small sample sizes. 
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Abstract 

 
The human body is made up of many different organs that each have a very important role in keeping us 

healthy. Diabetes is a chronic disease that affects the pancreas and the ability for it to properly regulate 

insulin production and/or release. There is no cure for diabetes, but there are ways to help the body 

compensate for the lack of insulin production or regulation. Lifestyle changes can make a major 

difference and these include exercise, a healthy diet, and staying educated on the condition. Additionally, 

many patients have to take oral diabetes medications, injectable agents, or insulin. Along with this, 

patients need to check their blood sugars routinely and do so via fingerstick. Continuous glucose monitors 

(CGMs) are devices that allow digital blood glucose readings and ultimately fewer finger sticks. Constant 

monitoring can help patients see the change in their daily glucose readings and help them make changes 

to keep their sugars in a good range. While CGMs are very helpful for patients with diabetes, they are 

used by less than 50% of diabetic patients. The reasons behind this can widely vary, but lack of provider 

and patient education, lack of access to the devices, and cost may be deterrents in the process of patients 

using a CGM.   
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iabetes Mellitus is a disease that 

affects about 1 in 10 people, which is 

approximately 34 million 

Americans.1 It is diagnosed using one or 

more glucose tests. Most commonly, an A1C 

greater than 6.5% or a fasting plasma glucose 

of greater than 126 mg/dl is what is used to 

determine if a patient has diabetes.2 It is then 

classified into 3 main types: type 1, type 2, or 

gestational.  

  

Types of Diabetes 

Type 1 diabetes is where the body 
does not produce any insulin.3 This 
typically occurs at a young age, but can 
ultimately happen to anyone. It is an 
autoimmune disorder, where the T-cells 
destroy the pancreatic B-cells.3 Both 
genetic and environmental factors could 
be a cause. This type of diabetes is 
managed by insulin therapy and a healthy 
lifestyle.3  

Type 2 diabetes is the most 
common type of diabetes. In this type the 
body does not use insulin properly. This 
can either be from insulin resistance or B-
cell dysfunction.3 This type has a slow 
onset and can be caused by lifestyle 
factors, such as obesity, age, inactivity, or 
other factors, like genetics.3 Some 
patients may just need lifestyle changes, 
but others may require pharmacological 
therapy.3 

Gestational diabetes occurs in 
pregnancy with an unknown cause, 
typically in the second or third trimester.3 

It has shown to increase the risk of 
developing type 2 diabetes.3 This type 

may require more rigorous monitoring to 
make sure that both the mother and the 
baby stay healthy.3 
 

Pathophysiology 

Insulin is a hormone that helps 
maintain blood glucose levels and is not 
regulated properly in patients with 
diabetes.3 When there is a decreased 
amount of insulin produced or released 
blood sugar levels remain high, also 
known as hyperglycemia.3 For people 
with diabetes and are not pregnant, 
hyperglycemia can be defined as fasting 
blood glucose greater than 130 mg/dl and 
a blood glucose above 180 mg/dl two 
hours after meals.4 Hyperglycemia can be 
very dangerous and could lead to a 
condition called diabetic ketoacidosis 
(DKA).5 DKA is a medical emergency and 
is where ketones are produced too 
quickly.5 

Patients with diabetes may also 
experience hypoglycemia, also known as a 
blood glucose level less than 70 mg/dl.4 
This is also very dangerous and can be 
caused by many reasons, such as eating 
habits, medications, or taking too much 
insulin.  

Patients need to identify what 
factors change their blood sugar the most 
so that they can avoid or at least be aware 
of it. Blood sugar monitoring is one of the 
most important things for patients with 
diabetes to prioritize.4 This is considered 
a priority because out-of-range levels 
could eventually lead to other health 
problems, such as neuropathy and 

D 
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retinopathy. Short term, it is important 
for patients to monitor for hypoglycemic 
and hyperglycemic events.4  

This is most often done by the use 
of a blood sugar meter, also known as a 
glucometer, which is a very common 
device used in the home and healthcare 
settings.6 Meters require the collection of 
capillary blood, usually obtained by 
pricking the end of a finger with a lancet, 
so that blood can be put on a test strip for 
the device to read.6 Many patients are 
asked to test their blood sugar several 
times a day to monitor their blood 
glucose. Because this type of testing may 
be uncomfortable and cumbersome, it can 
lead to poor compliance and blood sugar 
control.6 
 
What are CGMs? 

 Continuous glucose monitoring 
(CGM) is a device that allows a patient’s 
blood glucose levels to be read constantly 
and that information is made easily 
accessible.7 This is accomplished using 
technology that can be connected to one’s 
mobile device.7 The glucose is measured 
in the interstitial fluid using a sensor that 
is placed under the skin.7 The sensor 
penetrates the skin using a small needle 
that inserts a cannula (a small, flexible 
tube) under the skin and then retracts.7 It 
can be placed on the buttocks, back of the 
arm, or the abdominal area.7  CGMs are 
used by less than 50% of diabetic 
patients.1  

There are many different models, 
but the majority of CGM’s work in the 

same way. Glucose levels are taken every 
couple of minutes and that is recorded 
using a separate monitor, or directly to a 
mobile device.7 The information can be 
shared with others as well. For young 
children and other patient populations, 
this is a great way for their caretakers to 
be able to monitor their health and be 
alerted when something is out of balance. 

Typically, CGMs have to be 
replaced about every week.7 It is also 
important that accuracy checks are done 
to ensure that the sensor is reading 
correctly by using a standard glucose 
meter and comparing the results.7 The 
timing of these checks differs for each 
CGM, but it is important for the patient to 
perform an accuracy check if they feel the 
CGM’s reading does not match how they 
are feeling.7 

The CGMs on the market include 
the FreeStyle Libre, Dexcom G4, Dexcom 
G5, Dexcom G6, and the Medtronic 
model.8 All of these have an iOS and 
android app available. FreeStyle Libre is 
the only model that does not have 
automatic glucose data sharing.8  

1. FreeStyle Libre: approved for use 
in patients 18 years old or older.8 

It has a 12-hour warm-up period 
before it produces accurate 
readings, but can be used for up to 
10 days with no calibration 
needed.8 The reader shows a trend 
graph for the previous 8 hours, but 
this CGM does not have an alarm 
for when the levels get too high or 
low.8  
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2. Dexcom G4, G5, and G6: approved 
for use in patients at least 2 years 
old.8 They only need a 2-hour 
warm-up period to provide 
accurate readings, but only last 7 
days and need to be calibrated 
every 12 hours.8 The G4 was the 
first Dexcom monitor to be 
released and can show glucose 
trends, share data with others 
through the app, and has alarms 
for high and low glucose alerts.8 
The G5 is the most popular due to 
it being more accessible via the 
app or the display device.8 The G6 
is the most recent of the Dexcom 
monitors to come out and it has 
some upgrades.8 This Dexcom does 
not require calibration and it lasts 
for 10 days.8 Unless the patient 
feels that the readings are 
inaccurate, they do not need to 
confirm the accuracy using a 
standard glucose meter.8 

3. Medtronic: this is the newest of all 
of the CGMs discussed and is for 
patients 14-75 years old.8 It does 
not come with a reader device but 
sends the readings to the app that 
can be shared with others.8 This 
monitor has to be calibrated every 
12 hours.8 The main benefit of this 
meter, over the others, is that it 
collects data to provide the patient 
information regarding what is 
affecting their blood sugar 
throughout the day. In turn, these 

extra benefits make this monitor 
the most expensive.8 

In addition to these monitors, there 
are also combination CGM+insulin pumps 
that are available for patients who qualify 
for a pump.8 These devices have the 
ability for the monitor to control the 
amount of insulin the patient gets based 
on their readings. The combination 
pumps available are the MiniMed 630G 
and 670G by Medtronic and the t:slim X2 
by Tandem, which is compatible with the 
Dexcom G6 monitor.8 
 
Benefits of CGMs 

 CGMs allow patients to track their 
blood sugar levels more conveniently. 
Long term, the goal is to regulate the 
patient’s blood sugar enough to lower 
their hemoglobin A1C levels to goal and 
decrease the amount of diabetes-related 
complications.9 

One of the major advantages of a 
CGM is visually seeing the trends in 
glucose levels throughout the day.9 
Patients can see what times their blood 
sugar increased or decreased the most, 
what activities may have caused a drastic 
change, and many other factors.9  

CGMs are also beneficial when it 
comes to drastic blood sugar highs or 
lows because they can send an alarm to 
the device that alerts the patient of their 
blood sugar level.9 Instead of a patient 
relying on seeing or feeling the signs that 
their blood sugar is going low, the CGM 
would be able to alert them, so that they 
could hopefully avoid reaching the point 
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of emergency.9 This can help decrease the 
number of hospital visits related to blood 
glucose emergencies by helping people be 
more aware and not requiring them to 
rely on how they are feeling and then 
testing themselves.9 

Without a CGM, a patient may only 
see that their level is high or low, but have 
no knowledge of how fast or slow the 
level is changing or how long it has been 
at that level.9 With a CGM, it shows how 
quickly the level is rising or falling, which 
can help the patient decide the best 
course to take to manage the level.9 It is 
very important for the overall health of 
the patient to keep their blood glucose 
within the desired range throughout the 
course of the day and CGMs are a valuable 
tool to manage that.9 
 

Drawbacks of CGMs 

CGMs are a great resource, but 
they are not always the most desirable for 
several reasons. Some obvious reasons 
involve the fact that the CGM is attached 
to the patient’s skin via a cannula and is 
worn constantly.9 This can create issues 
with someone who is in water a lot, or is 
active and sweats a lot. The adhesive that 
holds the CGM can start to prematurely 
fall off the skin, or if it gets snagged it 
could possibly come off completely. This 
may throw off the normal rotation of 
when the patient is supposed to change 
the CGM and will also require the 
placement of a new device.9 Also, if the 
patient is already using an insulin pump, 
this is another bulky item that they would 

be wearing, which may be uncomfortable 
or inconvenient.9 

 Cost is one of the main factors that 
impede CGM usage. Due to CGMs being a 
newer healthcare advancement, many 
insurance companies do not cover them 
for all patients. For many, the out-of-
pocket costs would be unattainable 
without the help of insurance.  

Currently, The Centers for 
Medicare and Medicaid Services have 
revised criteria for covering CGMs. Based 
on these criteria, the patient must have 
diagnosed diabetes mellitus, be treated 
with insulin multiple times a day or with a 
continuous infusion, and the treatment 
regimen requires adjustments.10 Also, the 
practitioner must have an in-person visit 
regarding blood glucose control within 6 
months before prescribing the CGM and 
every 6 months after to assess 
adherence.10 When all of the criteria are 
met and a CGM is covered, all of the 
supplies, including sensors and 
transmitters, are also covered.10 

 For a patient to get a CGM initially, 
it must be sent to get prior authorization 
from the insurance company.11 This is so 
insurance can determine the necessity for 
what the prescriber wants to start the 
patient on, which would be a CGM in this 
case.11 This will reveal to the prescriber 
and the patient which specific CGMs will 
be covered and how much.11 Overall, the 
cost is a major factor that can affect 
everyone involved in the CGM enabling 
process.12 
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 The CGM devices that send alerts 
for high and low blood sugar levels may 
become overwhelming to the patient and 
others who get the data. It is great to 
receive notifications, but the notifications 
could cause extra stress if they are 
receiving the notifications frequently. 
Some of these issues can be overcome 
with time and experience, especially once 
the patient finds the CGM that works best 
for them.12 

There is currently a shortage of 
primary care physicians, so physicians 
may not have the time to review these 
devices, teach their patients, analyze 
collected data, and utilize all of the 
information to discuss results with the 
patient and what to do moving forward.12-

13 
 
Discussion 

CGMs can help bridge the gap 
between patient, physician, and caretaker 
because the physician can see the readings 
using a 24/7 visual of the patient’s blood 
sugar levels in comparison to a snapshot 
provided by a typical blood sugar log 
provided by the patient. This could 
ultimately help with improving a 
treatment regimen for a patient. 

 Many factors are standing in the 
way of CGMs being implemented into 
more patients’ treatment regimens. Cost is 
a major factor and can be the sole reason 
that some patients may not be able to 
utilize a CGM. In the end, the main goal is 
to improve the lives of patients with 

diabetes and the people who care about 
them.  

 
Conclusion 

Patients with diabetes are 
burdened with having to manage their 
blood glucose levels and the many factors 
that can affect it. The introduction of 
CGMs has allowed the opportunity for 
these patients to take some of that burden 
off of themselves. Overall, CGMs have 
proven to be a great resource, but some 
elements are impeding their use. With 
this being a newer healthcare device, 
there is a very positive outlook on the 
future and the improvements that can be 
made. With focus on improving access to 
materials, education, and costs, CGMs can 
be made more attainable for patients and 
easier for physicians to prescribe.  
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Abstract 

 

The COVID-19 global pandemic saw an upsurge in cases of infection from 2019 to 2020 

that progressively increased and spanned across the globe. Drug companies like Pfizer and 

Moderna have begun producing vaccines against the SARS-CoV-2-virus. However, with 

improvements in vaccine distribution comes the opportunity for criminal activity involving 

fraudulent vaccines that do not provide the same benefits compared to legitimate vaccines. The 

risks of fake vaccines include, but are not limited to, hazardous reactions towards unknown 

substances, danger to public health, and contribution to crime waves. Multiple world 

organizations have urged the public about safety and alertness towards the possibility of scam 

vaccinations to ensure widespread safety. By following guidelines set by these organizations, the 

amount of improperly administered fraudulent vaccines can be significantly reduced.
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s the SARS-CoV-2 coronavirus 

spreads rapidly throughout the 

world, efforts in producing and 

distributing vaccines have increased 

at a heightened rate. Multiple COVID-19 

vaccines have been developed in efforts to 

limit the surge of COVID-19 cases and 

protect the general public against infection. 

However, the pandemic has surged in an 

unpredictable nature, as mutations led to 

persistent variants including the Delta and 

Omicron variants. Although SARS-CoV-2 

and its variants are not completely avoidable 

with vaccines, they do give a large advantage 

to individuals by preventing serious illness or 

hospitalization if infected.1  

The International Criminal Police 

Organization (INTERPOL) Secretary 

General Jürgen Stock explained that with the 

rapid progression of COVID-19, “‘criminals 

have preyed on people’s fears to make fast 

cash.’” 2 Currently, the only authorized 

vaccines for COVID-19 in the world are by 

Pfizer/BioNTech, Novavax, Serum Institute 

of India, Johnson & Johnson, Moderna, and 

Oxford/AstreaZeneca.3 Extensive efforts are 

being made for vaccinations to be distributed 

globally, but not all patients have received 

them fairly.4 According to the COVID-19 

Global Tracker, developed countries have a 

larger percentage of vaccinated individuals 

than developing countries.4 In addition, 

countries with limited resources to 

manufacture, distribute, and administer 

vaccines tend to prioritize certain groups of 

citizens over others.4 Consequently, 

criminals use this disparity to their advantage 

by tricking citizens and making profits off of 

counterfeit vaccines with false promises of 

completely curing or preventing SARS-CoV-

2.  

Components of Fraudulent Vaccines 

Authentic and approved vaccines 

usually contain the main ingredients of 

Nucleoside-modified mRNA, lipids, salts, 

sugar, acids, and acid stabilizers.5 Other 

specific ingredients can be publicly accessed 

on the Center of Disease Control and 

Prevention’s (CDC) website. COVID-19 

vaccines do not contain eggs, gelatin, latex, 

or preservatives, and approved vaccines are 

free from metals such as “iron, nickel, cobalt, 

lithium, rare earth alloys, or any 

manufactured products such as 

microelectronics, electrodes, carbon 

nanotubes, or nanowire semiconductors”.6 It 

is advised that an individual either checks a 

government website or speaks with a 

healthcare professional to confirm a 

vaccine’s authenticity.6 

Various reasons have led to illicit 

vaccines becoming critically harmful to a 

person’s health. They could contain too little, 

too much, or none of the active ingredients 

that make approved vaccines effective, even 

possibly containing chemicals such as 

“mercury, arsenic, rat poison, or 

cement.”7  Fake vaccines claim to have side 

effects or properties that approved vaccines 

do not.7 Other unapproved vaccines may 

have a different shape, size, or color than 

approved ones.7 On some occasions, 

fraudulent vaccines could be easily 

identifiable; they may be mislabelled or 

expired, lack information or storage details, 

have poor packaging with grammar or 

spelling errors, etc.7 Such traits can assist in 

determining the legitimacy and safety of any 

vaccine.7 Despite these conditions, approved 

vaccinations are also considered falsified if 

they were stolen, stored improperly, or 

expired.7 This makes them “ineffective or 

A   
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contaminated” and illegal to sell.7 Therefore, 

research is important beforehand to ensure 

the legitimacy of the vaccine in question.  

 

Risks of Illicit Vaccines 

Fraudulent vaccines pose large risks 

to patients’ health, public safety, and 

international crime waves. INTERPOL and 

HSI (Homeland Security Investigations) 

have been urging alertness towards possible 

scams and hoaxes advertised to be effective 

or even real COVID-19 vaccines.2  

The most predictable risk of 

purchasing counterfeit COVID-19 vaccines 

is the intake of harmful material into a 

patient’s system.2 Fake COVID-19 vaccines 

pose a “serious health hazard if ingested or 

injected” since these “products are not tested, 

regulated or safety-checked.” 2 

Moreover, widespread reception of 

fake COVID-19 vaccines could entail 

increased circulation of the virus due to a 

large loss of protection that legitimate 

vaccinations provide.8 Head of Investigations 

and Counter-Fraud GAVI (non-profit 

vaccine alliance), the Vaccine Alliance 

expressed that counterfeit COVID-19 

vaccines “give people a false sense of 

security” regarding their protection against 

the virus and that they may be at a 

“heightened risk of getting and spreading” 

COVID-19.8 Administrations of fake 

vaccines may initially be unknown, 

increasing the chances of spreading COVID-

19 by an asymptomatic person.8 A side effect 

of fraudulent vaccines is the false beliefs of 

its inefficacy, resulting in distrust towards 

authentic vaccinations and healthcare 

systems/organizations, which may ultimately 

lengthen the duration of the pandemic.8  

Another aspect of turmoil caused by 

fraudulent COVID-19 vaccines is its 

furtherance of the international crime wave. 

Fraudulent COVID-19 vaccines create 

opportunities for scams in other COVID-19 

products, such as falsified documents for 

proof of immunization.9 Beyond health risks, 

fraudulent vaccines are an outlet for 

scamming victims of their money.2 The 

market for scam vaccines is largely online 

through cybercriminals, in which felonious 

websites present themselves as authentic 

health or world organizations advertising 

COVID-19 vaccines.2 The general secretary 

of INTERPOL Jurgen Stock explains that the 

victims of this crime could be individual 

buyers to government agencies of developing 

countries that “lack the healthcare 

infrastructure to distribute vaccines 

securely”.9 Fake websites used to market fake 

vaccines can also dupe victims into giving 

money under the pretense of charitable 

donations or could even lead to identity 

theft.2 

 

Prevalent Areas for Fraudulent Vaccines 

While authorities attempt to properly 

register and license the right vaccines for 

human use, fraudulent vaccines can “easily 

bypass their scrutiny due to complex and 

fragmented supply chains,” according to 

Jarett et al., who researched global 

traceability standards of vaccine 

counterfeiting.10 As more research and 

development is made towards COVID-19 

vaccines, counterfeit vaccines are being 

globally marketed more and more.10 Even 

though unapproved vaccines are present 

throughout the world, statistically, fraudulent 

vaccines are more prevalent in developing 
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countries than in developed countries or 

countries with a larger population.10 COVID-

19 counterfeit vaccines were first identified 

by the World Health Organization (WHO) in 

2020 in Russia and Ecuador.10 INTERPOL 

also recognized a dangerous counterfeit 

vaccine being sold in South America before 

any vaccine was approved at the start of the 

pandemic.10 The trend identified is that the 

larger the population of a country or the less 

developed it is, the more likely there is a 

supply of unapproved, harmful vaccines 

being distributed to its citizens.10   

 

Notable Cases Of International 

Fraudulent COVID-19 Vaccines 

Pfizer Inc. identified its first 

confirmed instance of fake COVID-19 

vaccinations in Mexico and Poland, in which 

the vials originating from Poland were 

identified to be antiwrinkle treatment.11 

Polish authorities reported that no patient was 

vaccinated with the fake vaccine.11 

Furthermore, the vials found in Mexico, were 

found to contain different lot numbers 

compared to those sent to the state as well as 

inaccurate expiration dates according to 

Nuevo León state’s health secretary Dr. 

Manuel de la O Cavazos; the vaccinations 

were “found in beach-style beer coolers.”11  

Similarly, fake vaccinations 

containing saline were found in multiple 

countries. In India, citizens of Mumbai that 

paid for and attended fraudulent “vaccination 

camps” were given fake shots containing 

saline according to the senior official of the 

Mumbai police department, Vishal Thakur.12 

Thakur further revealed that medical 

professionals and workers were “using a 

hospital which was producing the fake 

certificates, vials, and syringes.”12    

 

Protection and Prevention Against 

Fraudulent Vaccines 

 While tracking down and stopping the 

trade and distribution of fake vaccines is near 

impossible, there are methods individuals can 

use to protect themselves from scams. 

INTERPOL provides guidelines for avoiding 

illicit medicines by following the “six Ps”: 

place, prescriptions, promises, prices, 

privacy, and product.2 These can be applied 

to getting vaccines for SARS-CoV-2.2 When 

obtaining a COVID-19 vaccine, customers 

must be certain the place from which the 

vaccine is coming from is a known, licensed, 

and authentic supplier, whether it’s a website 

or physical location.2 If unsure about the 

credentials of the supplier, check the local 

health regulatory body.2 Purchasing medicine 

should only be done with a prescription from 

a doctor or other healthcare professional 

unless it is an over-the-counter drug.2 If a 

prescription is not needed, a licensed 

pharmacist should be contactable on the 

website or at the place of selling.2 “Too good 

to be true” promises should also make a 

consumer wary.2 For example, if the 

medications are advertised as “cures all 

types,” “no risk,” or “limited supply-buy in 

advance” it is likely that these are false 

promises to sell unauthentic products.2   

Price is another factor to consider 

when getting a vaccine.2 Most countries in 

North America and Europe are administering 

vaccines to patients at no cost to them 

directly.7 In fact, the U.S. Immigration and 

Customs Enforcement explained that 

“legitimate vaccines are not for sale. They are 
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strictly administered and distributed by 

national healthcare regulators.”7 However, in 

other countries, the price depends on the 

vaccine.7 Usually, the significantly cheaper 

vaccine is more likely to be fraudulent.7 It is 

beneficial to compare and contrast medicines 

with their more reputable sellers.7 

Additionally, privacy can be violated by 

criminals in the illegal trade of vaccines by 

credit card fraud or identity theft.7 Again, 

confirming the credentials of the provider is 

vital before giving any financial information 

to avoid fraud or theft.7 Lastly, the medical 

product can be judged to be fake if it contains 

suspicious amounts of ingredients, has 

different than usual side effects, or has an 

unusual shape, size, or color.7 If it is 

incorrectly labeled, is expired, does not have 

instructions about the storage, or has 

spelling/grammatical errors, it is most likely 

fraudulent.7 Following these guidelines is 

essential to lower the risks of getting 

scammed into getting an illicit vaccine.7  

 The FDA (The United States Food 

and Drug Administration) provides some tips 

to avoid coronavirus fraud by sellers 

claiming to prevent, treat, or cure COVID-

19.13One tip is to avoid buying products that 

claim to treat a wide range of diseases.13 

Personal testimonials are not evidence of 

efficacy.13 Scientific results must be 

presented for a drug to be approved.13 

Medically, there are few diseases or 

conditions that can be quickly cured so 

individuals should be cautious about 

medicine advertised as a “quick fix” or 

“miracle cure.” 13 These drugs are probably a 

hoax.13  Following the advice given by 

INTERPOL and FDA decreases the chance 

of people being tricked into receiving fake 

vaccines which may do more harm than 

good.13 

 

Conclusion 

Fraudulent COVID-19 vaccines pose 

a serious threat to public safety, health, and 

general control of the pandemic.2 Legitimate 

vaccines were developed by drug companies 

with the intention of public protection; they 

have been extensively tested for safety and 

efficacy as well as strictly distributed by 

national healthcare regulators.2 In 

comparison, counterfeit vaccines were 

created with the intention of profit and fraud; 

such vaccines contain potentially harmful 

materials and provide little to no protection 

against the virus.2 The risks of illicit vaccines 

include but are not limited to precarious 

health hazards, the continued transmission of 

COVID-19, as well as a potential 

contribution to criminal activity.2 Criminals’ 

exploitation of fear over the COVID-19 

pandemic is an international issue. Issues of 

false vaccines are especially prevalent in 

third-world countries due to the vulnerability 

stemming from financial and possibly civil 

insecurity.8 Therefore, INTERPOL and 

WHO have urged vigilance against possible 

scams and the sale of fraudulent vaccines. It 

is crucial for public safety that citizens 

around the world follow the guidelines set by 

these organizations so we can safely 

administer the approved vaccines.   
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Abstract 

  Smartphones have quickly become an important accessory in everyday life. With the 

growing rise of smartphone applications, it seems that a person can do anything with their phone. 

The use of a smartphone has even reached the medical field. Companies are now focusing on 

ways to help patients become more connected to their healthcare. There are many different 

health aspects that can be monitored via a smart device, and heart health is now one of them. The 

AzureTM pacemaker is a pacemaker that is able to sync to an application on a smart device 

allowing patients to connect to their medical information anytime, anywhere.  
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ince the 1950s, many medical 

advances have been made to the 

pacemaker. A traditional pacemaker 

is a small device that is implanted in the chest 

to help control the heartbeat.1 There are three 

main types of pacemakers: the single 

chamber, dual chamber, and the biventricular 

pacemaker. The single chamber pacemaker is 

used to carry electrical impulses to the right 

ventricle of the heart.1 The dual chamber 

pacemaker is used to regulate the timing of 

contractions between the two chambers of the 

heart by sending electrical impulses to the 

right ventricle and the right atrium of the 

heart.1 The biventricular pacemaker is used in 

patients suffering from heart failure and 

heartbeat abnormalities.1 This type of 

pacemaker uses electrical impulses to 

stimulate the right and left ventricles of the 

heart resulting in a more controlled 

heartbeat.1 

 Pacemakers have two general parts, 

the pulse generator, and the leads. The pulse 

generator is a small metal container that 

contains the battery as well as the electrical 

circuitry that controls the rate of the electrical 

impulses that are sent to the heart.1 The leads, 

or electrodes, are flexible wires that are 

placed in the chambers of the heart.1 The 

electrical signal is carried along these wires 

and helps control the pace of the heart.  

 Pacemakers are used to help control 

the heart in order to keep it beating regularly. 

Pacemakers can help to correct problems 

with the SA node, the natural pacemaker. The 

SA node sends electrical signals to the heart 

to keep it beating at regular intervals.2 When 

the SA node is not functioning properly it can 

cause bradycardia (abnormally slow 

heartbeat), or tachycardia (abnormally fast 

heartbeat).2   

 Another condition that would require 

the need for a pacemaker to be implanted, 

would be atrial fibrillation. Atrial fibrillation 

causes the heart to beat irregularly and often 

times too quickly.2 This condition is also 

associated with heart palpitations.2   

 Pacemakers are also used to treat 

certain types of heart blocks. Depending on 

the severity of the heart block, a pacemaker 

can be used. Heart blocks occur when regions 

of the heart are blocked, causing electrical 

signal sent by the SA node to travel 

incorrectly through the heart.2 This inhibits 

the SA node from communicating with the 

heart correctly, which can cause the heart to 

beat irregularly.2 When the signal being sent 

from the SA node is unable to be received, 

the AV node is able to keep the heart 

beating.2 Since this isn’t the AV nodes’ 

primary responsibility, it is not able to keep 

the heart beating as well as the SA node can. 

This results in the heart beating much slower 

than normal.2 The implantation of a 

pacemaker is able to stabilize this signal and 

keep the heart beating properly.  

 The different types of pacemakers are 

used to treat different types of heartbeat 

abnormalities.  

S 
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 Like most chronic illnesses, the use of 

a pacemaker must be monitored. It is 

extremely important that the device is 

monitored so that malfunctions can be 

recorded and corrected.1 It is also important 

for the battery life of the device to be 

monitored so that patients know when it will 

need to be changed. Pacemaker batteries 

usually last 5 to 15 years.1 Surgery will be 

needed in order to replace the battery, so it is 

beneficial to have a general idea how much 

life is left in the battery.  

 Monitoring heart rate is also helpful 

for physicians. Knowing when and how 

frequently a patient is having an irregular 

heartbeat can be important for monitoring the 

disease state.3 This helps to track progression 

and improvement, as well as show if any 

changes need to be made to the current 

therapy.3 Pacemakers may be adjusted to 

change the strength and the length of the 

impulses being sent to the heart muscle to 

control how fast the heart will beat.3 The 

process of checking a pacemaker’s settings is 

called interrogation.3 The special 

programming tool is placed over the patient’s 

chest and the information from the 

pacemaker is sent directly to the doctor.3 The 

information can be transmitted from the 

doctor’s office or from the patient’s home.3 

Transmitters that a patient can use at home 

are connected to a phone line or internet and 

help to decrease the frequency of visits to 

their doctor’s office.3  

 Many issues with the transmitters can 

arise. For example, if a patient is supposed to 

send this information at a specific time, it is 

possible that they could forget. Additionally, 

if a patient is away from home, they may not 

have access to their transmission machine. 

This can lead to lack of adherence to and 

monitoring.  

 With the advance in technology over 

the last few decades, it seems like no one can 

go anywhere without their smartphone. With 

this in mind, Medtronic, a medical 

technology company based in Ireland, 

created the world’s first smartphone-

connected pacemaker.4 AzureTM is available 

in both a single chamber and a dual chamber 

model.4 The AzureTM pacemaker features 

BlueSync technology which enables 

automatic and secure wireless remote 

monitoring via the Medtronic CareLink 

Network.4  The AzureTM pacemaker uses the 

BlueSync technology to connect to the 

MyCareLink Heart (MCLH) app and allows 

patients to monitor their pacemaker at any 

moment.4  

 The AzureTM pacemaker was 

approved by the by U.S. Food and Drug 

Administration on November 20, 2017.4 

Since this initial release, Medtronic has 

created three other types of pacemakers 

featuring the BlueSync technology.  

 The AzureTM pacemaker not only 

features the BlueSync technology but is also 

more efficient than previous models. The 

AzureTM pacemaker has improved longevity 
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up to 15.8 years which shows a 24 percent 

improvement from previous models.7 This 

update reduces the amount of device 

replacements required. This helps to reduce 

the amount of risk associated with routine 

surgeries for device maintenance because 

less maintenance will be required.  Patients 

using the AzureTM pacemaker also have the 

ability to have MRI scans.7  

Although this technology isn’t new, it 

has been gaining traction over the past few 

years. The Cleveland Clinic ranked the 

“smartphone-connected devices” number 

three on its annual Top 10 Medical 

Innovations for 2021.5 Also stating that the 

“breakthrough technology of these devices 

allows for patients to gain great insight into 

the health data from the pacemakers and to 

transmit the health information to their 

physicians.”5  

 In a study published in May 2020 by 

Medtronic the MCLH mobile app was 

compared to traditional bedside monitoring 

devices.7 The study found that on average 

patients using the MCLH completed 30 

percent more of their scheduled remote 

monitoring transmissions to their health care 

provider than patients using the traditional 

bedside monitors.7 Not only is the app useful 

for regular maintenance transmission, but the 

implanted device has the ability to transmit 

alerts in emergency situations.5  

 The convenience and accuracy of the 

remote monitoring can be very useful, but 

like everything it has it’s drawbacks. Because 

this remote monitoring relies on the internet 

and the use of a smartphone application, it is 

at risk for a cyber-attack. Medtronic ensures 

users that their information is secure but does 

not provide how the information is secured.4 

The pacemaker is not directly connected to 

the internet so that it is not able to be 

controlled by another device.9 The 

pacemaker is only able to transmit data.9 This 

data is encrypted within the pacemaker 

before being sent to the application. 9 The 

encryption is created using NIST government 

standard encryption.9 Fortunately, so far 

there has not been any hacking or cyber 

attacks reported with the use of these devices, 

but that does not mean there will not be one 

in the future.8 Cyber safety is a factor that 

should be considered before choosing to use 

these devices.  

Another drawback to smartphone 

connected pacemakers is that they are not 

able to be used in all patients. Pacemakers in 

general may be contraindicated for a patient 

for a variety of reasons. The AzureTM 

specifically, cannot be used in patients that 

are contraindicated due the use of another 

bradycardia device.10 This device also cannot 

be used in patients who cannot tolerate 

pacing rates above the programmed Lower 

Rate, or in patients with persistent 

supraventricular tachycardias.10  

 There is also the potential for adverse 

events associated with the implantation of the 

device. The patient could develop an air 

embolism, bleeding, cardiac dissection or 
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perforation, endocarditis, and many more 

complications.10 These risks for an adverse 

event can be associated with all 

pacemakers.10  

 In conclusion the ability to closely 

monitor a pacemaker is exceedingly 

important.  Providing patients and caregivers 

a better way of monitoring a patient’s 

pacemaker may help to create better health 

outcomes for the patient. It will be interesting 

to see how pacemaker technology will be 

further advanced in the future.  
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