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ABSTRACT
Background: Gentamicin is an important drug in the class of aminoglycosides, most

commonly used to treat resistant gram-negative organisms. Due to its rapid bactericidal
activity, gentamicin is widely used in empirical antimicrobial regimens to treat neonatal
infections caused by both gram-negative and gram-positive bacteria. Although highly
effective, reservations concerning potential otovestibular toxicity and nephrotoxicity have
often limited the use of this agent. The recommended use of gentamicin by the World health
organization (WHO) requires therapeutic drug monitoring. However, because of limited
resources, therapeutic drug monitoring is not commonly done in our country. By not
monitoring the serum levels of gentamicin there is a possibility that a considerable number of
neonates may be suffering from acute kidney injury after high gentamicin exposure and may
later develop chronic kidney disease and or permanent hearing loss.

Objectives: The objectives of this study were to determine the peak and trough serum levels
of gentamicin achieved by the neonates following once daily dosing of intravenous
gentamicin. We also determined the population gentamicin clearance, volume of distribution
and discerned whether there was a significant increase in serum creatinine levels after
gentamicin therapy for more than 48 hours.

Materials and methods: This was a population pharmacokinetic study (popPK) in which
term neonates admitted and prescribed to receive gentamicin for more than 48 hours were
included in the study. The study excluded very sick term neonates in decompensate state and
requiring resuscitation, term neonates who had severe congenital malformation and term
neonates who were on gentamicin therapy in the past 72 hours before the study. Sparse
sampling was employed where 2 to 3 participants contributed serum samples for gentamicin
concentration at each time point after the initial intravenous gentamicin dose, using a
predetermined sampling schedule. However, serum samples for peak gentamicin concentration
were obtained from 12 participants 30minutes after the first dose and steady state trough
gentamicin concentration were obtained from each participant 20hours after the second dose.
Serum gentamicin concentration was determined using chemiluminescent microparticle
immunoassay (CMIA) technology (Abbott architect ci4100 analyzer, Abbott diagnostics in

[llinois, United States).In addition, serum creatinine levels before and seven days after start of
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gentamicin treatment were determined for each participant using Erba XL-100 analyzer (Erba
Mannheim Diagnostics Company, India).

Data analysis: The serum gentamicin concentrations-time profile was fitted using stata
version 14.2 software (StataCorp LLC in California, United states) with the assumption of one
compartment model where popPK parameters (elimination rate constant, elimination half-life
and area under the curve) were directly estimated and clearance together with volume of
distribution were calculated from these estimates. Categorical data were presented as
proportions and compared using McNemar test; continuous data were expressed as mean +
S.D (standard deviation) and were compared using one sample t-test and paired samples t-test.
The results were considered statistically significant at P values <0.05.

Results: In this population, peak and steady state trough gentamicin concentration was higher
than the recommended upper limit of normal peak and trough serum levels for the typical term
neonate (M=16.669, SD * 0.646, P< 0.001) and (M=3.283, SD * 0.707, P< 0.001) for peak
and trough concentration respectively. By contrast, gentamicin clearance (0.40 mLminkg™)
and volume of distribution (0.31Lkg™) estimated from PK data in our study were lower than
the lower limit of the reported reference range. Overall, there was a significant increase in
serum creatinine level after gentamicin treatment, suggesting occurrence of renal injury, in
most of the study participants.

Conclusions: Neonates achieved high peak and trough serum gentamicin levels which could
be explained by the population pharmacokinetics estimates (lower clearance and volume of
distribution). Also, high gentamicin concentration may have caused significant renal injury
leading to a significant increase in serum creatinine in the majority of study participants.
Recommendations: It is important that the Ministry of Health, Community Development,
Gender, Elderly and Children considers therapeutic drug monitoring practice in our health
facilities as an important tool in maximizing therapeutic outcomes and minimizing the
potential toxic effects associated with higher serum levels when neonates are on gentamicin
treatment. Also, kidney function test before, during and after treatment with gentamicin,
should be made a routine practice in our health facilities to ensure that doses are given
according to the patient’s renal function in order to attain serum gentamicin levels which are

within the recommended ranges thereby preventing toxicity (nephrotoxicity and ototoxicity).
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DEFINITION OF KEY TERMS

Peak concentration is the maximum serum concentration that a drug achieves in a specified
compartment or test area of the body after the drug has been administered and before the

administration of a second dose. Usually is measured in mg/L or pg/mL

Trough concentration is the lowest serum concentration reached by a drug before the next
dose is administered, often used in therapeutic drug monitoring. Usually is measured in mg/L

or ug/mL

Pharmacokinetics is the study of how the body interacts with administered drugs for the
entire duration of exposure (study of movement of drugs in the body); it includes absorption,
distribution, metabolism, and excretion (ADME).

Population pharmacokinetics can be defined as estimating the pharmacokinetic similarity
and differences between individuals from measurements of drug levels in biological fluids

(often blood) of subjects or patients arising from some population of interest.

Elimination half-life (t%) is a pharmacokinetic parameter that is defined as the time it takes
for the concentration of the drug in the plasma or the total amount in the body to be reduced
by 50%.

Volume of distribution (VD) is the volume of fluid into which the total drug administered
would theoretically have to be diluted to produce the observed drug concentration in the blood

plasma.

Therapeutic drug monitoring (TDM) is the clinical practice of measuring specific drugs at
designated intervals to maintain a constant concentration in a patient's bloodstream, thereby
optimizing individual dosage regimens. TDM is used to determine the dose at which a drug

will be the most safe and effective.

Therapeutic index (T1) is a quantitative measurement of the relative safety of a drug. It is the

ratio of the dose that produces toxicity (Lethal Dose- LDsp) to the dose needed to produce the
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desired therapeutic response (Effective dose- EDsp). Drugs with low Tl like aminoglycosides

are toxic while drugs with high TI like penicillins are considered to be safe.

Lethal dose (LDsp) is the dose required to Kill half the members of a tested population after a
specified test duration. LDsq figures are frequently used as a general indicator of a substance's

acute toxicity. A lower LDs is indicative of increased toxicity.

Effective dose (EDsp) is the dose that produces a quantal effect (all or nothing) in 50% of the
population that takes it (median referring to the 50% population base). The ED50 is commonly
used as a measure of the reasonable expectancy of a drug effect, but does not necessarily

represent the dose that a clinician might use.

Minimum inhibitory concentration (MIC) is the lowest concentration of a drug, which
prevents visible growth of a bacterium or bacteria. MIC depends on the microorganism, the
affected human being (in vivo only), and the antibiotic itself. It is often expressed in

micrograms per milliliter (ug/mL) or milligrams per liter (mg/L).

Area under the plasma concentration time curve (AUC) is the plot of plasma concentration
of a drug versus time after dosage (called “area under the curve” or AUC) gives insight into

the extent of systemic exposure to the drug and its clearance rate from the body.

Clearance is a pharmacokinetic measurement of the volume of plasma from which drug is
completely removed per unit time. Usually, clearance is measured in L/h or mL/min. It can be

renal or non-renal clearance (including hepatic clearance).

Creatinine is the chemical waste molecule that is generated from muscle metabolism.
Creatinine is produced from creatine, a molecule of major importance for energy production in
muscles. Approximately 2% of the body's creatine is converted to creatinine every day.
Creatinine is transported through the bloodstream to the kidneys. The kidneys filter almost all
of the creatinine and dispose of it in the urine. Creatinine is the measure of the kidneys
function; the elevated creatinine level signifies impaired kidney function or kidney disease. As
the kidneys become impaired for any reason, the creatinine level in the blood will rise due to

poor clearance of creatinine by the kidneys. Normal levels of creatinine in the blood are
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approximately 0.6 to 1.2 milligrams (mg) per deciliter (dL) in adult males and 0.5 to 1.1
milligrams per deciliter in adult females. The baseline normal serum creatinine levels for

children under age of 3 years are 0.3 to 0.7mg/dL.

Creatinine clearance (CrCl) is the volume of blood plasma cleared of creatinine per unit
time. It is a rapid and cost-effective method for the measurement of renal function. Both CrCl
and GFR can be measured using the comparative values of creatinine in blood and urine.
Creatinine clearance in a healthy young person is about 95 milliliters (mL) per minute for

women and 120 mL per minute for men.

Glomerular filtration rate (GFR) is the volume of fluid filtered from the renal (kidney)
glomerular capillaries into the Bowman's capsule per unit time. It is used to check how well

the kidneys are working.

Estimated glomerular filtration rate (eGFR) is the best test to measure the level of kidney
function and determine the stage of Kkidney disease. In neonates, health practitioners
(clinicians) can accurately calculate it from the results of the serum creatinine test. If the eGFR
number is low, the kidneys are not working as well as they should. The earlier kidney disease
is detected, the better the chance of slowing or stopping its progression. In neonates, eGFR is
calculated using Schwartz and Brion serum creatinine levels-based GFR-estimation formula,

which gives accurate estimation of GFR than the other present formulas

eGFR (mL/min/1.73m?) = k x H (cm)/SCr (mg/dL)

Where K is the constant for association of GFR, laboratory measurements, and anthropometric
measurement and its value is 0.33 for preterm neonates, and 0.45 for term neonates; H is the

body height in cm and SCr is the serum creatinine levels in mg/dL.

A serum creatinine test measures the level of creatinine in the blood and provides an

estimate of how well the kidneys filter (glomerular filtration rate).

Acute kidney injury (acute renal failure) is a condition in which the kidneys suddenly

cannot filter waste from the blood.
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Nephrotoxicity is a rapid deterioration in the kidney function due to toxic effect of

medications and chemicals.

Ototoxicity is the property of being toxic to the ear (oto-), specifically the cochlea or auditory

nerve and sometimes the vestibular system.

Audiometry is a branch of audiology and the science of measuring hearing acuity for
variations in sound intensity and pitch and for tonal purity, involving thresholds and differing
frequencies. Degree of hearing loss is categorized as; Normal<25dB, mild hearing loss 25dB -

40dB, moderate 50dB — 70dB, severe hearing loss >80 dB and profound hearing loss >90 dB.



CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

Infections causing sepsis, meningitis, or pneumonia contributed directly to around 0-6 million
neonatal deaths worldwide in 2016 and indirectly to many more through pathways leading to
preterm birth and neonatal encephalopathy [1]. Despite this knowledge, understanding of the
causes of neonatal infection, particularly in resource-poor settings, is limited [2]. Treatment in
these settings usually relies on the sensitive but non-specific clinical diagnosis of possible

serious bacterial infection [3].

1.1.1 Neonatal infections: overview

Newborns are particularly more susceptible to infections than older children and adults,
because their new immune system is immature to fight the bacteria, viruses, and parasites that
cause these infections [4]. They can acquire infections during prenatal development or in the
first four weeks of life [5]. Neonatal infections may be contracted through mother to child
transmission, in the birth canal during childbirth, or contracted after birth. Thus neonatal
infections can present as early as between 6- 72 hours post-delivery (early onset sepsis) while
late onset sepsis may develop after 72hrs [6]. Some neonatal infections such as HIV, hepatitis

B and other intrauterine infections may not become apparent at birth but present much later

[7]1

Group B streptococcus and gram-negative enteric organisms (predominantly Escherichia coli)
are responsible for most cases of early onset neonatal sepsis. While staphylococci spp and to
some extent gram-negative organisms are responsible for late-onset neonatal sepsis usually

acquired from the environment [8].



1.1.2 Neonatal deaths

The first 28 days of life is the most vulnerable time for a child’s survival. Children face the
highest risk of dying in their first month of life at an average global rate of 17 deaths per 1,000
live births in 2019, down by 52% from 38 deaths per 1,000 in 1990 [9]. According to the
World Health Organization (WHQO), four million newborn children die each year during the
first four weeks of their lives [10]. Of these, 75% die prematurely during the first week of life
[11]. The major causes of neonatal deaths worldwide are neonatal sepsis (30-50%),
prematurity (28%) and birth asphyxia (23%) [11]. Clearly, sepsis is the commonest cause of
neonatal morbidity and total neonatal deaths each year worldwide [12]. However, there is
some Vvariation between countries depending on their care configuration. For instance, in
Tanzania, where current neonatal mortality is 20.3 deaths per 1,000 live births, it is estimated
that neonatal sepsis accounts for 29% of the neonatal deaths and it varies between regions,

ranging from 25% in Mwanza to 38.9% in Dar es Salaam [13].

1.1.3 Management of neonatal sepsis

Based on the common antibiotic susceptibilities of the predominant organisms causing
neonatal sepsis, the WHO recommends initial empiric therapy for a neonate with suspected
bacterial sepsis to include ampicillin and an aminoglycoside [14].

Thus, for the management of neonatal sepsis, clinicians in many settings make a tentative
diagnosis and empirical treatment of neonatal sepsis based on the new neonatal WHO
Integrated Management of Childhood Illnesses (n-IMCI) guidelines [15]. The IMCI
recommends hospitalization and intramuscular (IM) or intravenous (IV) antibiotic therapy
with a combination of gentamicin and benzylpenicillin or ampicillin for at least 7-10 days in
infants aged <2 months [16]. The WHO recommends the use of gentamicin as the first choice
drug in newborns to treat sepsis not only because of its reliability, rapid bactericidal activity,

relatively low rates of resistance, but also because of the long experience with its use [17].

Currently in Tanzania, neonatal sepsis is managed according to the standard treatment

guideline (STG) which recommends the use of ampicillin, cloxacillin and gentamicin as the



first line antibiotics [18]. Gentamicin is often used as part of empirical therapy for sepsis in
newborns to treat infections caused by gram-negative bacteria[5]. It is usually administered as
a bolus injection at a once-daily dosing of 5mg/kg every 24 hours for a period of 7-10 days.

Neonatal sepsis is well managed using gentamicin in combination with -lactam antibiotics
like ampicillin and cloxacillin[19]. Gentamicin kills bacteria by inhibiting protein synthesis
through binding to the 30S of the prokaryotic ribosomes and to some extent by lysing the cell
[19]. However, gentamicin like all other aminoglycosides exhibits a narrow range between
toxic and therapeutic dosages and is known to be ototoxic and nephrotoxic when is used for
more than 48 hrs without monitoring [20]. Many studies of gentamicin-associated toxicity in
neonates show that, it has the potential to cause toxicity, particularly ototoxicity and
nephrotoxicity [21]. The recommended use of gentamicin by the World health organization
(WHO) requires therapeutic drug monitoring (TDM) to guide dosage adjustments to maximize

the efficacy and minimize toxicity which are dose dependent [22].

It is estimated that, up to 25% of all patients who receive aminoglycoside therapy for more
than 48 hours without monitoring develop nephrotoxicity and ototoxicity, when trough
concentration is >2 pg/mL [23]. A study by Selby et al on gentamicin-associated acute kidney
injury (AKI) on patients who were treated with gentamicin showed that, acute kidney injury
occurred in 24.4% patients and 2.4% progressed to kidney failure [24]. However, renal
toxicity is rare in patients receiving once-daily dosing aminoglycosides and when regular
trough levels are monitored and dosage adjusted accordingly [25]. According to WHO,
neonates need monitoring if prescribed gentamicin because of their renal immaturity and
should have a kidney function test before starting gentamicin and renal function should be
assessed regularly during and after treatment[20]. Yet these safety measures are not commonly
practiced in our health facilities and not advocated for in the standard treatment guidelines.
Therefore, this study was done to determine whether the current gentamicin dosing practice in
neonates might be associated with acute kidney injury, which may lead to development of

chronic kidney disease (CKD) later in life. In fact, the worldwide number of deaths



attributable to CKD in children has almost doubled in the past twenty years, ranking it among
the top twenty causes of death globally [26].

Chronic kidney disease has begun to gain recognition as an important contributor to the
burden of disease not only in high-income countries, but also in low-income countries in
regions such as Sub-Saharan Africa [26]. It is regarded as a substantial health burden with risk
factors that include communicable, non-communicable diseases and use of nephrotoxic drugs
like gentamicin [27]. Although high quality epidemiological data from Sub-Saharan Africa are
sparse, many studies on the epidemiology of chronic kidney disease in Sub-Saharan Africa
suggest the prevalence of CKD is substantial (about 13.9%) [27].

1.2 Statement of the problem

Gentamicin is an aminoglycoside antibiotic widely used as the first line antibiotic in empirical
antimicrobial regimens in neonates due to its efficacy, low cost and availability. Neonatal
sepsis remains among the commonest cause of neonatal deaths and is commonly managed
using a combination of gentamicin and other antibiotics. Gentamicin can prevent neonatal
deaths caused by neonatal sepsis but can lead to potential acute kidney injury and ototoxicity
if therapeutic drug monitoring is not done [25]. According to WHO, neonates need monitoring
if prescribed gentamicin because of their renal immatu