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ABSTRACT 

Erica C. Bjornstad: EVALUATING EPIDEMIOLOGICAL RISK FACTORS FOR PEDIATRIC 

ACUTE KIDNEY INJURY GLOBALLY: FROM THE UNITED STATES AND A LOW-

RESOURCED SETTING IN MALAWI 

(Under the direction of Emily Gower) 

Background:  Acute kidney injury (AKI) can be fatal if unrecognized. This work aimed to 

evaluate pediatric AKI epidemiology in two distinct hospital settings—a United States database 

and a prospective cohort of Malawian trauma patients. Many African hospitals are hampered by 

limited AKI diagnostics. So, we validated a novel AKI dipstick (NGALds®) that relies on 

minimal resources. 

Methods: The U.S. evaluation of hospitalized children used the Kids’ Inpatient Database 

(nationally-representative sample of pediatric discharges). Linear regression models looked at 

sociodemographic risk factors associated with AKI. In Malawi, we prospectively evaluated AKI 

amongst trauma patients. We evaluated several AKI definitions to optimize baseline creatinine 

estimation, which is not standardized. We calculated univariate relative risks (RR) for 

hypothesis-generation of potential risk factors associated with AKI in trauma patients. 

Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) 

evaluated the validity of the NGALds® to diagnose AKI.   

Results: In the U.S., AKI occurred in approximately 12.3/1000 pediatric hospitalizations, which 

translates to almost 30,000 children nationally. Uninsured children were more likely to suffer 
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AKI compared to children with Medicaid (adjusted risk difference 14/1000 hospitalizations, 95% 

confidence interval (CI) 12-16). In Malawi, depending on baseline creatinine definition, AKI 

incidence ranged from 4-10%. Almost one in ten children died, but those with AKI were at 

significantly higher risk of death compared to those without AKI (RR 6.5, 95% CI 2.2-19.1). The 

NGALds® had sensitivity 44.4%, specificity 73.5%, PPV 19.5%, and NPV 90.2% for predicting 

AKI. AKI was associated with an increased risk of mortality (RR 3.9, 95% CI 1.9-8.2), but it 

was greatly increased amongst children who first had a positive (≥150ng/mL) NGALds® (RR 

12.0, 95% CI 1.8-78.4).  

Conclusion: In the US, we identified that lack of insurance was a key risk factor for AKI. In the 

first analysis of AKI in African pediatric trauma patients, we showed that AKI significantly 

increases mortality risk. More promising is the validation we conducted of a novel dipstick for 

point-of-care identification and risk stratification of AKI amongst trauma patients. This dipstick 

may drastically improve our AKI epidemiological studies and clinical care algorithms, saving 

lives throughout Africa.  
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CHAPTER 1:  INTRODUCTION 

Acute kidney injury (AKI), previously known as “Acute Renal Failure”, can be fatal if 

untreated. Unlike chronic kidney disease (CKD), an AKI episode is usually reversible, assuming 

timely and accurate diagnosis and treatment. AKI is defined as the sudden decrease in kidney 

function, over a period of hours or days but less than 3 months (which would classify the 

dysfunction as CKD). In efforts to standardize the definition, several classifications have been 

proposed over the past two decades. Previously, clinicians and researchers used their own 

definitions, and a systematic review in 1994 found that of 28 articles on AKI,  28 different 

definitions were used.1 Most commonly used definitions rely on serum creatinine and urine 

output changes for AKI diagnosis. Currently, the Kidney Disease: Improving Global Outcomes 

(KDIGO) definition is the most well-known and universal, as it can be applied to both adults and 

children.2 However, it has only been around since 2012. KDIGO states that AKI occurs if serum 

creatinine rises by absolute ≥0.3mg/dL or relative ≥50% increase from a baseline creatinine in 48 

hours or if urine output drops below 0.5ml/kg/hour for six hours or more (Table 1.1). 

Table 1.1. Kidney Disease Improving Global Outcomes (KDIGO)-definition of AKI 

AKI 

STAGE 

eGFR/Creatinine Changes Urine Output Changes 

Stage 1 Increase in creatinine ≥0.3mg/dL 

Or increase in creatinine 1.5-1.9 x baseline 

Within 48 hours 

<0.5 ml/kg/hour for 6-11 hours 

Stage 2 Increase in creatinine 2-2.9 x baseline <0.5 ml/kg/hour for ≥12 hours 

Stage 3 Increase in creatinine ≥3 x baseline 

Or absolute creatinine ≥4 mg/dL 

Or requirement for dialysis 

Or eGFR <35 ml/min/1.73m2 (if <18 years) 

<0.3 ml/kg/hour for ≥24 hours 

Or anuric for ≥12 hours 
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AKI increases both morbidity and mortality for children.3–6 AKI results in escalating 

levels of urea and waste products in the bloodstream, leading to dangerous imbalances in serum 

electrolytes, and an inability to remove excess fluid, which can lead to fatal pulmonary edema 

and cardiac stress. Long-term complications have been shown to occur with any severity of AKI, 

though they are more pronounced with more severe disease. Complications include persistent 

kidney dysfunction, such as chronic hypertension or proteinuria, and some patients ultimately 

never fully recover and remain with CKD and progress to Chronic Kidney Failure.7–9 

With the standardization of AKI’s definition, epidemiological studies have been able to 

more fully depict the global burden of AKI. Global estimates are limited but suggest AKI may 

occur annually in 13.3 million people, which is seven times greater than the annual incidence of 

human immunodeficiency virus.10,11 However, our current epidemiological studies are limited to 

higher income countries and more critically ill patients, where it is easier and more reliable to 

obtain the daily laboratory tests and urine output measurements essential to our current 

definitions. The first large prospective cohort studies for pediatric AKI recently began in 20144,6. 

The AWARE and the AWAKEN trials are large multi-national studies to evaluate the incidence, 

epidemiology and outcomes of pediatric AKI in middle- and high-income countries for critically 

ill children and neonates, respectively.4,6 There remain gaps in our understanding of pediatric 

AKI risk factors in high-income settings. 

However, larger gaps in AKI knowledge exist in low-resourced areas. Even though 

trauma is the leading cause of mortality for children and young adults worldwide, no studies 

have evaluated the epidemiology of AKI in pediatric trauma patients in Africa.12 Trauma is a 

known risk factor for AKI.13 Only a handful of studies have looked at the epidemiology of AKI 
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in adult trauma patients in Africa. A large hindrance for evaluating the epidemiology of AKI in 

Africa is the limited laboratory infrastructure, necessary for AKI diagnosis.  

Serum creatinine is the current gold standard for AKI diagnosis, yet it is known to be flawed, 

particularly in children. Creatinine levels can fluctuate with hydration and muscle mass, not truly 

reflecting a child’s kidney function. In addition, changes with creatinine can take several days to 

appear even after a severe kidney injury. Urine NGAL (neutrophil gelatinase-associated 

lipocalin), a novel biomarker consistently shown to predict subsequent AKI diagnosis, in high-

resourced settings may be able to aid in earlier AKI detection.14–20 Urine NGAL rises within 

minutes to hours of a kidney injury and does not rely on muscle mass. However, the urine NGAL 

biomarker still relies on robust laboratory infrastructure. Yet, a novel dipstick for urine NGAL 

(NGALds® dipstick) was developed for use in low-resourced settings. If it proves equally 

efficacious as the laboratory urine NGAL, it could be quite promising for improving AKI 

diagnostics in low-resourced areas because it requires no laboratory infrastructure and minimal 

electricity requirements (currently temperature-resistant for one month). 
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CHAPTER 2:  SPECIFIC AIMS 

Acute kidney injury (AKI), previously known as “Acute Renal Failure”, can be fatal if 

untreated. Unlike chronic kidney disease, an AKI episode is usually reversible, assuming timely 

and accurate diagnosis and treatment. Currently, the most well-known and universal AKI 

definition, as it can be applied to both adults and children, is the Kidney Disease: Improving 

Global Outcomes (KDIGO) definition.2 With the standardized definition, more global attention 

has been brought to the impact AKI has on both mortality and long-term morbidity in children.3–6 

Global estimates are limited but suggest AKI may occur annually in 13.3 million people, 

which is 7 times greater than the annual incidence of human immunodeficiency virus 

infection.10,11 However, our current epidemiological studies are limited to higher income 

countries and more critically ill patients, where it is easier and more reliable to obtain the daily 

laboratory tests essential to our current definitions that rely on laboratory-based creatinine 

measurements. Even epidemiological studies in the U.S. are limited and have not explored in 

depth the sociodemographic risk factors that may be associated with pediatric AKI.  

Worldwide, trauma is a leading cause of mortality for children and young adults (5-29 

years of age).12 Organ failure, including AKI, is the third leading cause of mortality in trauma 

patients, after bleeding and brain injuries.13 Yet, the majority of studies worldwide have only 

looked at critically ill adult trauma patients and suggests AKI rates are 18-25% (but range 1-

50%).21–26 However, AKI rates for trauma patients in Africa are almost unknown, particularly 

amongst children.   
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Severe under-reporting and lack of epidemiological studies on AKI in low-resourced 

areas can be partly attributed to the difficulties of laboratory confirmation of AKI in these 

settings. The only standardly accepted diagnostic test for AKI (serum creatinine) continues to 

rely on laboratory infrastructure, which is limited or non-existent in most low-resourced settings. 

Urine NGAL (neutrophil gelatinase-associated lipocalin) has been shown to consistently predict 

subsequent AKI diagnosis in both adults and children.14–17 It also rises within hours of a renal 

insult, while serum creatinine can take 24-72 hours to indicate renal injury. However, the urine 

NGAL biomarker still relies on robust laboratory infrastructure and consistent power supplies.  

Recently, a novel dipstick for urine NGAL (NGALds® dipstick) was developed for use 

in low-resourced settings. If equally as efficacious as the laboratory urine NGAL, it could be 

quite promising for improving AKI diagnostics in low-resourced areas, because it requires no 

laboratory infrastructure and is temperature-resistant for at least one month. 

We propose to evaluate the incidence and epidemiological associations of pediatric AKI 

in two disparate settings. We also propose to evaluate a novel diagnostic test for AKI 

(NGALds® dipstick) for use in low-resourced settings. If the novel diagnostic test is successful, 

it could drastically enhance our epidemiological studies of AKI and the clinical diagnosis and 

management of patients at risk for AKI in these settings. Specifically, our aims are: 

1) To determine if there are disparities in the incidence of AKI according to 

sociodemographic factors amongst a national pediatric cohort within the U.S.’s 

Hospital Care and Utilization Program (HCUP) Kids’ Inpatient Database (KID);27 

2) To evaluate the incidence and epidemiology of AKI amongst a prospective cohort of 

pediatric trauma patients in sub-Saharan Africa in collaboration with a well-

established hospital-based trauma surveillance registry in Malawi; and 
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3) To validate the urine NGAL biomarker and new NGALds® dipstick for the diagnosis 

of AKI amongst adult and pediatric trauma patients in a low-resourced environment.  
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CHAPTER 3:  RACIAL AND HEALTH INSURANCE DISPARITIES IN PEDIATRIC 

ACUTE KIDNEY INJURY IN THE UNITED STATES 

3.1 Background 

Acute kidney injury (AKI) can be fatal if untreated, but, unlike chronic kidney disease 

(CKD), an AKI episode is usually reversible, assuming timely and accurate diagnosis and 

treatment.  AKI, which historically was termed “acute renal failure,” is defined as a sudden 

decrease in kidney function, over a period of 48 hours or more but less than 3 months. Clinical 

factors associated with the development of AKI amongst hospitalized children include systemic 

illnesses, exposure to nephrotoxic medications, invasive procedures, and iodinated contrast.28  

Pediatric AKI is estimated to occur in approximately 5% of all hospitalized children, and 

up to 25% of all critically-ill children.4,29 AKI results in high rates of short-term morbidity and 

mortality as well as increased hospital costs and length of stay.3,30 Moreover, up to 50-60% of 

patients may have long-term sequelae such as CKD or hypertension.7 Knowing which subsets of 

patients or parameters indicate the greatest risk for AKI is paramount to instituting healthcare 

guidelines and policies aimed at decreasing these high rates.  

Few studies have evaluated sociodemographic risk factors for AKI in pediatric 

populations. Those that have done so tend to focus on subsets of the pediatric population. One 

retrospective study in post-operative congenital cardiac surgery patients found that age less than 

12 months was a risk factor for AKI.31 Another study found that nephrotic children who were 

non-Caucasian were at higher risk of AKI than Caucasian children.32 None have looked at race 
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or other broad sociodemographic risk factors for AKI in a large, diverse pediatric population, yet 

we know from adult studies that those of minority populations or lower socioeconomic status 

have worse kidney outcomes.33–35 

We sought to determine if there are disparities in the incidence of AKI according to 

sociodemographic factors amongst a national pediatric cohort within the Hospital Care and 

Utilization Program (HCUP) Kids’ Inpatient Database (KID).27 HCUP KID provides detailed 

information on a nationally-representative sample of pediatric inpatients. In high-income 

countries, over 99% of pediatric AKI is diagnosed in the inpatient setting.36 

 

3.2 Methods 

Design: This study is a secondary analysis of the most recent release (2012) of KID data 

to assess for sociodemographic differences in the diagnosis of pediatric AKI (age 1-20 years). 

We used weighted sampling methods to obtain national estimates. 

Data Source: The KID, developed by the Agency for Healthcare Research and Quality’s 

HCUP, is the largest nationally representative sample of pediatric discharges from >4100 

community hospitals throughout the United States. The database includes discharge summary-

level data only. Each unit of observation is a hospitalization, so it is possible for individuals to be 

included twice if they had two separate hospitalizations in 2012. However, AKI is also recurrent, 

and an individual is at risk for AKI with each hospitalization. For 2012, 44 states were included; 

not included were Alabama, Delaware, Idaho, Maine, Mississippi, and New Hampshire. 

Inclusion/Exclusion Criteria: All admitted children in the KID aged 1-20 years on 

admission were included.  Children <1 year of age were not included due to their drastically 

different etiologies of AKI and higher likelihood of AKI coding errors due to the difficulty with 
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AKI recognition. The kidneys in infants <1 year are also still maturing and reaching their 

maximal functional potential. Patients were excluded if they had ICD-9 codes for renal 

transplants (v42.0), end stage renal disease/chronic dialysis (585.6, 585.5, 792.5, v45.1, v45.11, 

v45.12, v56.0-v56.2, v56.31, v56.32, v56.8), or if they were missing data on primary diagnosis. 

Outcome: AKI was a binary outcome and could occur at any point during the 

hospitalization. AKI was defined by ICD-9 codes (584.5-584.9, acute renal failure; 586, renal 

failure unspecified; 580.0, 580.4, 580.8, 580.9, acute glomerulonephritis; 593.9, acute renal 

disease; 866, injury to kidney with unspecified injury; 958.5, renal failure following crushing; 

997.5, renal failure due to a medical procedure). 

Exposures: Race/ethnicity was self-reported and categorized as Caucasian, African 

American, Hispanic, Asian or Pacific Islander, Native American, and Other. Health insurance 

status was categorized as Private, Medicaid, Other, or No insurance. Household urbanization was 

defined in six categories (“central” metropolitan counties with ≥1 million population, “fringe” 

metropolitan counties with ≥1 million population, metropolitan counties with 250,000-999,999 

population, metropolitan counties with 50,000-249,999 population, micropolitan counties, or not 

metropolitan or micropolitan counties). Gender was dichotomous as either male or female. Age 

was continuous in years. 

Covariates:  In addition to the above sociodemographic factors, we felt that a child’s 

comorbidities may be a strong confounder in assessing some of the relationships. Comorbidities 

were defined by HCUP through the chronic condition indicator tool.37 The tool was developed to 

facilitate health services research and readily determine if a patient has a chronic condition 

according to administrative data. The tool uses an advanced algorithm, originally reported by 

Hwang et al,38 to classify all ICD-9 codes into chronic or not chronic conditions. Examples of 
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included chronic conditions that may influence AKI are cancer, congenital heart disease, chronic 

kidney disease, cystic fibrosis, diabetes mellitus, diabetes insipidus, and inflammatory bowel 

disease.  

Analysis:  Descriptive statistics were calculated for patient demographics, hospital 

characteristics, and hospital region stratified by racial/ethnic differences as our primary exposure 

of interest. HCUP provides weights to allow for national estimates based on post-stratification of 

hospital ownership, bed size, teaching status, urbanization of hospital location, region, and status 

as a freestanding children’s hospital. Further information about the KID sampling design and 

procedures can be found at: http://www.hcup-us.ahrq.gov/kidoverview.org.27  

Given the large sample size and method of data collection, we were able to accurately 

determine the risk of AKI in this population. Hence, to give a broader understanding of the 

public health impact of our results, we present risk differences (RD) as our contrast estimate of 

choice, rather than relative risks or odds ratios that can be inflated depending on the true 

proportion affected. Therefore, linear risk regression models with binomial distributions were 

used to assess the relationship between our primary sociodemographic exposures and the 

diagnosis of AKI. 

A useful tool to evaluate important confounders in a potential exposure-outcome 

relationship is a causal diagram, or a Directed Acyclic Graph (DAG). It allows visualization of 

your primary exposure (e.g., race) and outcome (e.g., AKI) in relationship to all other potential 

variables. It helps ensure there are not mediators or colliders included in adjustment analyses 

which could introduce bias. We provide simplified descriptions of key variables as DAGs can get 

quite complicated; for example, confounders can be hidden on indirect pathways. More in-depth 

descriptions and explanations of causal diagrams can be found in this overview in CJASN39 or in 

http://www.hcup-us.ahrq.gov/kidoverview.org
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the epidemiological literature.40,41 A confounder by definition is a variable that potentially 

impacts the primary exposure and the outcome, and visually is displayed on a DAG as a variable 

with an arrow pointing towards both the exposure and the outcome. A mediator on the other 

hand has an arrow coming from exposure (into mediator) and then pointing towards the outcome. 

Modifiers cannot be directly visualized on DAGs. A DAG was drawn for our exposures and 

outcome (Figure 3.1). Depending on the relationship assessed, we evaluated potential 

 

Figure 3.1. A Simplified Directed Acyclic Graph of the Potential Relationships between Sociodemographic 

Factors and Acute Kidney Injury. 

Primary Exposures:  Race, Health insurance status (Insurance), Household urbanization, Gender, Age 

Primary Outcome: Acute Kidney Injury (AKI) 

Confounders are variables that have an arrow going towards exposure and towards outcome (directly or indirectly). 

Examples would be genetic history between Race and AKI (indirectly via comorbidities). 

Mediators are variables along the causal pathway (arrow coming from exposure and then arrow going towards 

outcome). Example would be Hospital characteristics as a mediator between Insurance and AKI. Mediators are 

variables not typically controlled for in multivariate modelling as they can then introduce bias. 

 

Confounders of comorbidities and the other exposures based on the DAG and substantive 

knowledge from the literature to more explicitly evaluate each individual exposure-outcome 

relationship. Both traditional methods of model adjustment and stratification were used to 

control for potential confounders in our analyses.  
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All statistical analyses were conducted in SAS, version 9.4 (SAS Institute, Inc., Cary, 

North Carolina).  The institutional review board at the University of North Carolina at Chapel 

Hill reviewed this secondary data analysis of de-identified data.  

Sensitivity Analysis: Roughly 8% of patients in the KID were missing data on 

race/ethnicity. We conducted a sensitivity analysis using multiple imputation to correct for 

missing race/ethnicity. The imputation model included all covariates listed in the Covariates 

section. 

 

3.3 Results 

 Patient Characteristics: The KID contained 3,195,782 hospitalizations in 2012, and 

1,699,841 of these met our study cohort criteria. The majority excluded were due to age <1 year. 

Applying the HCUP weights to this subset translates to about 2.4 million hospitalizations for 

2012 across the United States. The majority of patients were Caucasian (46.3%), followed by 

African Americans and Hispanics (Table 3.1).  Most children were female across 

race/ethnicities. The majority of hospitalizations occurred in large, urban teaching hospitals. 

While only a minority of children hospitalized did not have health insurance (4.3%), this 

extrapolates to over 100,000 children nationally. Lack of insurance differed by race/ethnicity, 

ranging from 3.7-5.5% (Table 3.1). Also, more Caucasian and Asian/Pacific Islander children 

had private insurance, while Medicaid was carried by more African American, Hispanic, and 

Native American children (Table 3.1).  

 Approximately 30,000 children aged 1-20 years were diagnosed with AKI while 

hospitalized (Table 3.2).  The crude risk of an AKI episode for a pediatric hospitalization in 2012 

was 1.2%, or 12.3 cases per 1000 pediatric hospitalizations. 
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Table 3.1. Demographics of Hospitalized Pediatric Patients by Race and Ethnicity Weighted for National Estimates 

 

Totala Caucasian 
African 

American Hispanic 

Asian/ 
Pacific 

Islander 
Native 

American Other 

 n=2,392,031 n=1,107,114 n=431,738 n=488,040 n=50,553 n=22,232 n=112,779 

Gender (female)b, 
col % 

59.1 58.0 60.9 61.8 53.9 62.5 57.3 

Agec, median (IQR) 14 (6, 18) 15 (6, 18) 15 (6, 18) 14 (5, 18) 11 (3, 17) 15 (5, 18) 13 (4, 18) 

Prevalence of CKD, 
col % 

0.3 0.3 0.4 0.3 0.4 0.2 0.3 

Number of chronic 
illnessesd, median 
(IQR) 

0.5 (0, 1.8) 0.6 (0, 1.9) 0.6 (0, 1.7) 
0.1 (0, 

1.3) 
0.5 (0, 

1.7) 
0.3 (0, 1.5) 

0.4 (0, 
1.7) 

Type/location of 
hospital, col % 

       

     Rural 9.3 12.7 5.7 4.1 5.1 23.6 4.8 
     Urban, non-  
        Teaching 

24.6 25.6 21.2 30.6 20.0 22.0 22.9 

     Urban, teaching 66.1 61.7 73.1 65.4 74.9 54.4 72.3 

Size of hospitale, col 
% 

       

     Small 10.6 10.7 9.2 9.5 7.7 15.4 11.4 
     Medium 23.5 24.2 23.9 24.1 29.0 18.1 20.6 
     Large 65.9 65.1 66.9 66.3 63.4 66.5 68.0 

Location in the 
United States, col % 

       

     New England 3.5 4.4 2.4 3.5 4.2 0.4 4.0 
     Middle Atlantic 14.1 13.9 17.2 12.4 16.5 4.0 29.4 
     East North  
        Central 

14.8 18.2 18.9 5.5 9.0 6.0 12.7 

     West North  
        Central 

7.4 7.0 4.1 1.1 2.2 10.5 3.2 

     South Atlantic 20.2 19.3 32.7 12.5 8.9 9.0 14.1 
     East South  
        Central 

3.8 6.3 3.4 0.7 1.4 0.7 1.0 

     West South   
        Central 

15.0 13.2 13.2 23.9 7.8 22.2 17.7 

     Mountain 6.7 7.1 2.0 9.4 6.3 29.5 5.7 
     Pacific 1.3 10.7 6.1 31.0 43.7 17.7 12.2 

Insurance Statusf, 
col % 

       

     No insurance 4.3 3.9 4.4 5.5 3.7 4.9 5.1 
     Private insurance 39.3 51.1 23.3 23.1 50.2 21.8 36.1 
     Medicaid 51.3 39.5 67.6 66.6 40.9 63.7 52.6 
     Other 5.1 5.3 4.4 4.7 4.9 8.7 5.8 
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Totala Caucasian 
African 

American Hispanic 

Asian/ 
Pacific 

Islander 
Native 

American Other 

Urbanizationg, col %        

     Central  
         metropolitan  
         counties with  
         ≥1 million  
         Population 

31.1 18.3 45.1 49.0 46.1 12.0 43.9 

     Fringe  
         metropolitan  
         counties with  
         ≥1 million  
         Population 

22.1 25.4 20.4 15.5 22.3 9.4 23.4 

     Metropolitan  
         counties  
         with 250,000- 
         999,999  
         Population 

20.4 21.7 17.7 21.4 19.5 19.0 15.4 

     Metropolitan  
         counties  
         with 50,000- 
         249,999  
         Population 

9.4 11.5 7.5 6.6 4.0 14.3 7.0 

    Micropolitan  
         Counties 

10.3 13.9 6.1 5.0 6.5 20.2 6.1 

    Rural counties 6.4 9.0 3.0 2.0 1.0 25.0 3.2 
a128,742 patients missing data on race/ethnicity (unweighted) 
b138 patients missing data on gender (unweighted) 
c6,304 patients missing data on age (unweighted) 
dChronic conditions defined by the chronic condition indicator of HCUP (Hospital Care and Utilization Program). 
Examples of included chronic conditions that may influence AKI include chronic kidney disease, diabetes mellitus, 
diabetes insipidus, developmental delays, inflammatory bowel disease, cystic fibrosis, congenital heart disease, and 
cancer. 
eHospital size category is determined based on a combination of location, teaching status, and region. 
f4,274 patients missing data on health insurance status (unweighted) 
g6,561 patients missing data on household urbanization (unweighted) 

 

 Race/Ethnicity Differences:  Crude risk of AKI was highest amongst Asian/Pacific 

Islander children (14.9 cases/1000 pediatric hospitalizations) and lowest amongst Hispanic 

children (10.0 cases/1000 hospitalizations) (Table 3.2).  When adjusted for comorbidities, 

insurance status, gender, age, and household urbanization, disparities by  
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Table 3.2. Univariate Risk Estimates for Sociodemographic Differences in Pediatric AKI Episodes 

 % of all 
hospitalizations 

% of all AKI 
episodes Risks 

Risk 
Differences 95% CI P-value 

 n=2,392,031 n=29,391     

Race/Ethnicitya   
 

   
Caucasian 46.3 47.6 12.6 Reference     

African American 18.0 19.6 13.4 0.7  -0.1, 1.5   
Hispanic 20.4 16.6 10.0 -2.7  -3.6, -1.7 <0.0001 

Asian/Pacific Islander 2.1 2.6 14.9 2.2 0.4, 4.1 <0.01 
Native American 0.9 0.8 10.9 -1.8  -4.6, 1.1   

Other 4.7 4.5 11.6 -1.0  -2.4, 0.3   

Insurance Statusb             

Medicaid 51.2 40.4 9.7 Reference     

No insurance 4.3 8.1 23.1 13.4 11.7, 15.1 <0.0001 

Private insurance 39.2 43.6 13.7 4.0 3.4, 4.6 <0.0001 

Other 5.1 7.8 18.6 8.9 6.9, 11.0 <0.0001 

Genderc             

Female 59.1 43 8.9 Reference 
 

  

Male 40.9 57 17.1 8.2 7.6, 8.8 <0.0001 

Aged             

 1-5 years 22.9 12.3 6.6 Reference 
 

  
 6-10 years 12.7 10.7 10.3 3.7 3.1, 4.4 <0.0001 

 11-15 years 17.0 16 11.6 5.0 4.2, 5.8 <0.0001 
 16-20 years 47.0 59.9 15.6 9.0 8.4, 9.7 <0.0001 

Household 
Urbanizatione 

            

Central metropolitan 
counties with 

≥1 million population 

31.2 30.2 11.9 Reference 
 

  

Fringe metropolitan 
counties with 

≥1 million population 

22.2 23.1 12.9 0.9 0, 1.9 0.05 

Metropolitan counties 
with 250,000-999,999 

population 

20.5 21.3 12.8 0.9  -0.3, 2.0   

Metropolitan counties 
with 50,000-249,999 

population 

9.5 9.4 12.3 0.4  -0.9, 1.6   

Micropolitan counties 10.3 9.7 11.6 -0.3  -1.4, 0.7   
Rural (neither metro- 

or micropolitan) 
counties 

6.4 5.7 10.9 -1.0  -2.2, 0.1   

All risks and risk differences are per 1000 hospitalizations.  
AKI=Acute kidney injury; RD=risk difference; CI=confidence interval. 
a128,742 patients missing data on race/ethnicity (unweighted) 
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b4,274 patients missing data on health insurance status (unweighted) 
c138 patients missing data on gender (unweighted) 
d6,304 patients missing data on age (unweighted) 
e6,561 patients missing data on household urbanization (unweighted) 

 

race/ethnicity were attenuated (Table 3.3). However, AKI risks among African American (RD 

2.5 cases/1000 hospitalizations, 95% confidence interval (CI) 1.7-3.3), Hispanic (RD 1.7 

cases/1000 hospitalizations, 95% CI 0.9-2.5), and Asian/Pacific Islander children (RD 4.5 

cases/1000 hospitalizations, 95% CI 2.9-6.0) remained elevated compared to Caucasian children.  

Table 3.3. Multivariate Modelling by Sequential Addition of Potential Confounders 

Potential 
Confounders: race+chronic 

race+chronic+ 
age+urban 

race+chronic+age+urban+ 
insurance+gender 

HEALTH 
INSURANCE    

Medicaid Reference Reference Reference 
No insurance 14.4 (12.7, 16.2)**** 12.9 (11.3, 14.6)**** 11.8 (10.2, 13.4)**** 

Private insurance 3.4 (2.8, 4.0)**** 3.4 (2.9, 4.0)**** 2.8 (2.3, 3.4)**** 
Other 6.7 (4.8, 8.5)**** 6.4 (4.5, 8.3)**** 5.7 (3.8, 7.6)**** 

GENDER    
Female - Reference Reference 

Male - 7.3 (6.7, 7.9)**** 6.8 (6.2, 7.4)**** 

RACE/ETHNICITY    
Caucasian - - Reference 
African American - - 2.5 (1.7, 3.3)**** 
Hispanic - - 1.7 (0.9, 2.5)**** 
Asian/Pacific 
Islander 

- - 4.5 (2.9, 6.0)**** 

Native American - - 0.7 (-2.1, 3.5) 
Other - - 1.4 (0.3, 2.5)* 

Race=race/ethnicity; Chronic=chronic illnesses; Age=age in years; Urban=household urbanization. 
Bold indicates ideal set of confounders to evaluate according to DAG depicted in Figure 3.1. Additional 
confounders shown for comparison but may potentially introduce additional bias. 
*     <0.05 
**    <0.01 
***   <0.001 
**** <0.0001 
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Figure 3.2. Risk of Acute Kidney Injury by race/ethnicity and chronic illnesses. Error bars represent 95% 

confidence intervals. 

Crude analyses indicated that having chronic comorbidities were a significant risk factor for 

AKI, and the risk increased with increasing number of chronic illnesses (Figure 3.2). Adjusting 

for comorbidities alone greatly attenuated the racial disparities seen with AKI risks (Figure 3.2). 

We conducted a sensitivity analysis using multiple imputation to correct for the 8% missing 

race/ethnicity and found no meaningful differences in our results. 

 Health Insurance Status:  Lack of health insurance was the sociodemographic risk factor 

most strongly associated with AKI in hospitalized children (Table 3.2). The uninsured population 

had double the crude risk of AKI compared to all pediatric inpatients (23.1 cases/1000 

hospitalizations amongst the uninsured versus 12.3 cases/1000 hospitalizations overall). The 



18 
 

absolute risk difference for those without insurance versus Medicaid was 14.4/1000 

hospitalizations, which suggests that if 70 hospitalized children currently without insurance were 

able to receive Medicaid, one AKI episode might be prevented (number needed to treat is 70, 

95% CI 62-79). 

After adjusting for chronic illnesses, Medicaid remained a protective factor against AKI 

even when stratified further by race and gender (Figure 3.3). Model including chronic illnesses  

 

Figure 3.3. Risk Differences of AKI for those with No Health Insurance versus those with Medicaid, 
adjusted for chronic illnesses and stratified by race/ethnicity and gender. Error bars represent 95% 
confidence intervals. 
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And race yielded similar results (Table 3.3). We conducted a sensitivity analysis excluding 19- 

and 20-year-old patients as these patients may have different access to health insurance (i.e., 

typically not able to access Medicaid as easily as those ≤18 years old) and in our population 

almost half of those without insurance were 19-20 years of age (47.1%) (Table 3.4). 

Interestingly, the risk of AKI remained higher for those without insurance versus Medicaid but it 

was greatly attenuated (RD 4.4, 95% CI 2.8-5.9) in this sensitivity analysis, controlling for 

race/ethnicity and comorbidities. 

 

Table 3.4. Multivariate Modelling by Sequential Addition of Potential Confounders, excluding 
19- and 20-year-olds 

Potential 
Confounders: 

race+chronic 
race+chronic+ 

age+urban 
race+chronic+age+urban+ 

insurance+gender 

HEALTH 
INSURANCE 

   

Medicaid Reference Reference Reference 

No insurance 4.4 (2.8, 5.9)**** 4.0 (2.6, 5.5)**** 3.8 (2.4, 5.3)**** 

Private insurance 2.2 (1.6, 2.8)**** 2.1 (1.5, 2.7)**** 2.0 (1.4, 2.6)**** 

Other 5.4 (3.1, 7.6)**** 5.2 (2.9, 7.5)**** 5.1 (2.8, 7.4)**** 

GENDER    

Female - Reference Reference 

Male - 3.1 (2.6, 3.6)**** 2.9 (2.5, 3.4)**** 

RACE/ETHNICITY    

Caucasian - - Reference 

African American - - 1.2 (0.4, 2.0)** 

Hispanic - - 1.7 (0.8, 2.7)*** 

Asian/Pacific Islander - - 4.1 (2.3, 5.9)**** 

Native American - - 0.2 (-3.1, 3.5) 

Other - - 1.0 (-0.2, 2.3) 

Race=race/ethnicity; Chronic=chronic illnesses; Age=age in years; Urban=household urbanization. 
Bold indicates ideal set of confounders to evaluate according to DAG depicted in Figure 3.1. 
Additional confounders shown for comparison but may potentially introduce additional bias. 
*     <0.05 
**    <0.01 
***   <0.001 
**** <0.0001 
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Figure 3.4. Risk Differences of AKI for Males versus Females, adjusted for chronic illnesses and stratified by 

health insurance status and race/ethnicity. Error bars represent 95% confidence intervals. 

 

Household Urbanization: Our one neighborhood-level factor (household urbanization) 

was not a significant risk factor for AKI. Only fringe vs central metropolitan counties with ≥1 

million population had a risk difference of 0.9 per 1000 hospitalizations (95% CI 0-1.9) with p-

value 0.05 (Table 3.2). 

 Gender Differences:  Compared to female patients, males were associated with a higher 

risk of AKI (RD 8.2/1000 hospitalizations, 95% CI 7.6-8.8) (Table 3.2), and this difference 

persisted after adjustment for chronic conditions (Figure 3.4). This increased risk was present for 

all Caucasian, African American, and Hispanic boys, regardless of insurance strata (Figure 3.4). 

The risk remained after modelling controlled for comorbidities, race/ethnicity, age, and 
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household urbanization (RD 7.3, 95% CI 6.7-7.9), but was again attenuated with sensitivity 

analysis removing 19- and 20-year-olds (RD 3.1, 95% CI 2.6-3.6, Table 3.4). 

 Age Differences: Older age was associated with a higher risk of AKI diagnosis (Table 

3.2). 

3.4 Discussion 

 This is the first large, nationally representative pediatric kidney study to show that lack of 

health insurance is a risk factor for poor kidney outcomes. Only slight racial differences existed 

for AKI. Chronic illnesses also were associated with pediatric AKI, and they attenuated the racial 

disparities. Male gender was a risk factor for increased risk of pediatric AKI, and the increased 

risk in males was highest amongst racial minorities and uninsured children. 

 Health Insurance Status: Medicaid was the most protective sociodemographic factor 

against AKI. Compared to uninsured children, if a hospitalized child had Medicaid, his/her 

absolute risk of being diagnosed with AKI decreased by 14 per 1000 hospitalizations, controlling 

for comorbidities and race. These results should be interpreted with caution since our study is 

limited to administrative data. We cannot account for all unmeasured confounding in this 

observational study. However, our results are consistent with a large national study that found 

lack of insurance in pediatric patients was independently associated with increased all-cause 

inpatient mortality.42  

Prior research evaluating insurance disparities has grouped Medicaid and no insurance 

into one “low-income” category.43 Our research indicates these populations should be evaluated 

separately. Insurance in children holds a different connotation than in adults.  In all states, many 

children who are not eligible for private insurance are eligible for some form of government-

assisted insurance, such as Medicaid.44–46  Pediatric patients who have no insurance are a unique 
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group of patients, typically due to eligibility issues such as citizenship status (rarely financial), 

family decisions to decline coverage, or healthcare illiteracy and misunderstandings about 

eligibility for children who would otherwise be eligible. However, since 2016, California, 

Illinois, Massachusetts, New York, Oregon, Washington, and Washington D.C. have decreased 

barriers to insuring children and providing state health insurance regardless of citizenship 

status.47 Though we argue that health insurance status is unique in the pediatric population, it is 

still considered a social determinant of health by the Healthy People 2020 initiative.48 We still 

contend that health insurance status is a marker of one’s ability to access the healthcare system 

and preventative services. 

A unique feature of AKI risk amongst patients uninsured in this population is that it 

seems to be worst amongst the 19- and 20-year-olds. This may be a true risk or a glimpse at the 

under-diagnosis of AKI in younger children. Nineteen- and twenty-year-old patients may be a 

high-risk population that are no longer eligible for most state Medicaid programs (47% of 

uninsured patients are 19-20 years of age). However, older pediatric patients have greater muscle 

mass and hence higher baseline creatinine levels making them more akin to adult levels, which 

may allow easier recognition and subsequently improved coding of AKI amongst older children. 

This was also seen as gender AKI risks were attenuated when we removed 19- and 20-year-olds 

from the analysis. 

The only other pediatric kidney study to look at social determinants of health focused on 

parental, self-reported income level in children with chronic kidney disease, and they found no 

difference in the rate of kidney disease decline based on income.49 However, that study was 

limited by its smaller size (n=572) and inclusion only of children actively involved in medical 

care, creating a selection bias against those with poor access to care and without insurance. We 
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found that the individual-level determinant of health, health insurance, was associated with 

increased AKI risk. However, we found no increased AKI risk with the neighborhood-level 

determinant of health, household urbanization. 

Potentially, our data reflect our medical system’s ability to reach even the poorest or most 

remote neighborhoods. Perhaps, the more important sociodemographic factor to prevent AKI is 

one’s individual ability to gain access to our medical system, both preventative and emergency 

services, without worry of cost. This seems congruent with our findings that those with private 

insurance had slightly higher risk of AKI than Medicaid. Patients with private insurance often 

have higher co-pays, different levels of coverage depending on their insurer, and may fluctuate in 

and out of insurance depending on parental job stability. The experience for those with Medicaid 

differs in that they have minimal to no co-pays and the same standard coverage across a state 

regardless of parental employment status. We were limited in our ability to assess additional 

indicators for social determinants of health at the individual level (e.g., income, parents’ level of 

education) or neighborhood level (e.g., percent in poverty, employment rates, percent with high 

school diploma). 

 Race/Ethnicity: Disparities among populations with lower socioeconomic status (SES) 

and racial minorities often are intertwined due to their co-existence. Just as lower SES groups are 

more likely to experience poorer health outcomes, minority groups have been more likely to 

report poorer health status compared to Caucasians.33,34,50  As an example, a recent study on 

appendiceal ruptures saw improvements in all racial groups after insurance coverage increased, 

but more pronounced improvements amongst minorities.51  

Though the differences are small, our finding of increased AKI risk in minority groups is 

of significance given the large number of hospitalized pediatric patients at risk of AKI annually 
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in the United States. This analysis of a large, nationally-representative cohort allowed us to see 

these small differences that may be missed in smaller studies. These risks are not completely 

attenuated after stratifying by insurance status and controlling for comorbidities. Asian/Pacific 

Islander, African American, and Hispanic children have a slightly higher risk of AKI compared 

to Caucasian children. The pediatric nephrology literature suggests similar disparities for racial 

minorities in accessing pediatric renal transplants.52,53  

Part of the racial differences seen in this study may be due to differing levels of medical 

care in hospitals predominantly caring for minority groups or other SES factors we were unable 

to capture in this analysis. Chronic conditions alone are also a major risk factor for AKI, and 

they attenuated much of the racial disparities seen in this study, suggesting the possibility of a 

genetic component or other uncaptured confounder of the association between race and AKI. 

Risk variants of the apoliprotein L1 (APOL1) gene have been consistently cited to explain much 

of the racial burden of chronic kidney disease as APOL1 is more prevalent in African 

Americans, but this has not been consistently shown in AKI literature.54–58 A large adult cohort 

study did not find evidence that APOL1 risk variants had a higher risk of AKI compared to those 

without these variants; though this evaluation assessed APOL1 risk variants found in chronic 

renal conditions.59 A large genome-wide association study in AKI found two risk alleles in 

APOL1 distinct from APOL1 risk alleles in chronic kidney disease.60  

Further research is needed to evaluate the higher AKI incidence in Asian/Pacific Islander 

children as this has not been seen in other studies. However, other studies often focus only on 

Caucasian, African American, and/or Hispanic sub-groups, excluding Asian and Pacific Islander 

children due to sample size issues.  It is known in adults that people from the Pacific Islands 

have higher rates of chronic renal failure than any other racial or ethnic group.61 
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 Gender: Our study also found a higher AKI risk amongst male patients when compared 

with females, after controlling for comorbidities, race/ethnicity, age, and household urbanization. 

While adult AKI studies also show males to be at increased risk, this is often explained by the 

gender differences in undiagnosed comorbid conditions (e.g., hypertension, hyperglycemia), 

which are less common in the pediatric population. The gender differences in pediatric AKI risk 

may be related to underlying disease rate differences in congenital conditions, such as congenital 

anomalies of the kidney and urinary tract, which are more common in boys. There also may be a 

differential bias in detection of AKI, perhaps due to differing muscle mass in the adolescent 

population.  

 Age: The AKI risk found in older children in this study should be viewed with caution as 

the outcomes of AKI are from administrative data only. There may be a true increasing risk of 

AKI with increasing age, but our study may also be highlighting the lack of recognition of AKI 

in younger children and not a true increased risk. Younger children with low baseline creatinine 

levels (e.g., 0.2-0.4mg/dL) may have a significant AKI with doubling of their creatinine and still 

remain with creatinine levels ≤1mg/dL (normal for an adult), an easy miss for providers less 

familiar with pediatric variations in creatinine levels. 

 Limitations: This study is a secondary analysis of voluntary, administrative data 

submitted by hospitals to a national database. Hospitals can choose whether to participate, which 

may potentially introduce bias to the available data. The unit of measurement is a hospitalization, 

so recurrent AKI episodes in one individual in separate hospitalizations is possible. We are 

unable to link individuals and consequently cannot account for potential repeat outcomes. Our 

primary outcome relies solely on appropriate recognition and ICD coding, which has been shown 
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to be flawed with significant underreporting, in particular for AKI.62–65 Hence, it is likely that our 

estimates under-report the true incidence of disease and perhaps the disparities that exist.  

We attempted to evaluate both an individual social determinant of health and a 

neighborhood-level factor. In assessing these variables, we consider both the individual’s access 

to medical care as well as geographic barriers to care. This analysis was limited by the available 

indicators for social determinants of health. Evaluating other factors, such as citizenship status, 

census tract income level, parental education level, may provide a clearer understanding of the 

higher risk of AKI amongst lower-resourced or lower SES populations as seen in this study. 

However, this study also has important strengths. By analyzing such a large national 

database with a diverse patient population that represents almost every state in the country, we 

can provide an overview of the AKI burden and associated disparities at a national level that 

would not otherwise be apparent. Specifically, we are able to include a large proportion of 

minorities who are often not represented in kidney research (Hispanics, Asian/Pacific Islanders, 

and uninsured populations). Unlike other research on insurance disparities, we are able to 

distinguish Medicaid from no insurance, highlighting a distinct risk difference associated with 

AKI risk in these two different populations.  

 

3.5 Conclusions 

 Pediatric AKI occurs in 12 of every 1000 pediatric hospitalizations. In the largest, 

nationally-representative cohort, the biggest protective factor against developing AKI is a child 

having health insurance. Our research should be confirmed with data sources other than 

administrative data, such as prospective cohorts and collaborations amongst hospitals that 

provide laboratory data to more accurately capture all AKI episodes. However, our data suggest 
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that we could potentially prevent 1 episode of AKI for every 73 uninsured hospitalized children 

provided with Medicaid. Our study showed that racial disparities exist amongst those with 

pediatric AKI. Though these risks are greatly attenuated by chronic conditions, racial minorities 

had higher risks compared to Caucasians. Also hospitalized boys were at an increased risk of 

AKI compared to girls, controlling for comorbidities, race, age, and household urbanization. 

More granular data is needed to explore the sociodemographic disparities seen in this large 

cohort. We need to evaluate if these disparities persist when we can evaluate all episodes of AKI 

and not just those recognized and subsequently coded by clinicians as these are just the tip of the 

iceberg. Expanding health insurance coverage to children currently uninsured should be explored 

further as a potential preventative approach for pediatric AKI, particularly amongst a potentially 

high-risk population 19- and 20-year-olds. 
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CHAPTER 4: INCIDENCE AND EPIDEMIOLOGY OF ACUTE KIDNEY INJURY IN A 

PEDIATRIC MALAWIAN TRAUMA COHORT 

4.1 Background 

Estimates suggest that 13.3 million people worldwide are affected by AKI annually, 85% of 

whom live in developing countries.10,66 Further it is estimated that up to 1.7 million deaths occur 

each year from AKI.10,66 A large meta-analysis analyzing AKI incidence globally suggests that 1 

in 3 hospitalized children experience AKI.67 Yet, no high-quality studies could be found in 

Africa to be included.67 

Previous studies of AKI in Africa have focused on infection-related AKI (e.g., AKI in 

those with malaria) or non-surgical-related AKI,68–70 but trauma is also a likely culprit. There has 

been a paucity of investigation into AKI associated with trauma in Africa, despite the high 

burden of trauma in children. 

 Trauma is a leading cause of morbidity and mortality throughout Africa and the leading 

cause of mortality worldwide for children and young adults (5-29 years of age).12 Organ failure, 

including AKI, is the third leading cause of mortality in trauma patients, after bleeding and brain 

injuries.13 Traumas typical in low-resourced settings – road traffic injuries, burns, crushing in 

earthquakes or structural collapses – can result in AKI secondary to fluid loss, hemorrhage, and 

rhabdomyolysis from crush injuries. The majority of studies worldwide have looked at critically 

ill adult trauma patients and AKI rates are highly variable, ranging 1-50%.21–26 Though pediatric 

trauma studies on AKI are scarce, a California study suggests 13% of pediatric post-traumatic 
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rhabdomyolysis patients experience AKI.71 No studies have evaluated AKI rates amongst 

pediatric trauma patients in Africa. 

We conducted the first prospective cohort study of pediatric trauma patients in sub-

Saharan Africa to investigate AKI amongst a well-established hospital-based trauma surveillance 

registry in Malawi. We sought to determine the incidence of AKI amongst admitted pediatric 

trauma patients at this single center and determine if there were any sociodemographic, injury-

related, and/or clinical risk factors for those who develop AKI. 

 

4.2 Methods 

Design: This is a single center, prospective observational cohort study evaluating the 

epidemiology of AKI in admitted adult and pediatric trauma patients in Lilongwe, Malawi.  

Study Population: Kamuzu Central Hospital (KCH) and the Malawi Surgical Initiative 

have had a trauma registry in place for the past decade to characterize the burden of trauma in the 

Central Region of Malawi. KCH is the tertiary-level referral center for the Central Region of 

Malawi and is located in the capital city of Lilongwe. It has a catchment area of about 5 million 

people. It is the largest trauma center in the country, with 8 permanent surgical consultants. The 

larger study included both adults and children. This analysis included only the pediatric patients 

(≤18 years).  Patients presenting to KCH for acute trauma between June and October 2019 were 

eligible for enrollment in our study. Additional inclusion criteria included age between 6 months 

and 18 years of age, weight >3kg, and expected admission >24 hours. A parent or a caregiver 

had to be present and provide written informed consent. Exclusion criteria included those with 

trauma that occurred >5 days prior to hospital arrival and those whose primary language was not 

English or Chichewa (the Malawian official and national languages, respectively). All admission 
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laboratory diagnostics had to occur within 18 hours of hospital arrival. All patients were 

prospectively followed throughout their hospitalization.  

 Outcome: The primary outcome of interest was AKI as defined by creatinine-only 

Kidney Disease Improving Global Outcomes (KDIGO) criteria (Table 1.1).2 Serum creatinine 

was obtained on admission and again 48-72 hours later. In Malawi, it is not routine for kidney 

function tests or electrolytes to be collected on trauma patients, due to resource limitations. It is 

also not routine for urine volumes to be captured. To maximize our accuracy for diagnosing 

AKI, we chose to obtain two values 48 hours apart to assess a change in creatinine and better 

apply the KDIGO AKI criteria.2 Medical teams could obtain more laboratory tests when they 

deemed them medically necessary.  

Knowing a child’s healthy baseline creatinine prior to injury or illness is an important 

component to the KDIGO criteria. This is rarely known in Malawi and many other sub-Saharan 

African countries. No studies have evaluated the optimal method for estimating a baseline 

creatinine (or by extrapolation, estimated glomerular filtration rate (eGFR)) in an African 

pediatric population. A priori, we defined a normal baseline eGFR as 120ml/min/1.73m2.72 We 

identified at least 4 potential definitions to estimate a child’s baseline creatinine: (1) lowest 

creatinine during admission (if 2 or more values obtained); using patient’s height and eGFR of 

120ml/min/1.73m2 calculated with (2) old Schwartz equation (eGFR=k*height/serum creatinine, 

where k=0.55 for children >1 year of age and k=0.45 if ≤1 year of age)73, (3) new (bedside) 

Schwartz equation (eGFR=k*height/serum creatinine, where k=0.413, height is in centimeters, 

and creatinine in mg/dL)74, and (4) new Schwartz equation modified for use in low-resourced 

settings (India equation) that use Jaffe methods, where k=0.42 instead.75 This latter equation was 

derived in a pediatric population in India, where k=0.42 was determined to be most predictive of 
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actual glomerular filtration rate when only height/weight are measured and Jaffe methods are 

used, as may be encountered in low-resourced settings.75 Briefly, both Jaffe and enzymatic 

methods are lab-based methods to determine serum creatinine. Jaffe methods are more prone to 

interfering substances yet are drastically cheaper than the newer enzymatic methods. The old 

Schwartz equation was based on Jaffe methods, while the new (bedside) Schwartz equation was 

based on enzymatic methods. 

 The University of North Carolina Project Malawi Laboratory, a state-of-the-art laboratory 

on-site at KCH, performed all laboratory testing to ensure reliable and consistent laboratory 

results. Creatinine and potassium values were obtained on fresh serum and evaluated on Roche 

Cobas C311 analyzers. Creatinine was determined using Jaffe analytic methods. Hemoglobin 

values were obtained by trained study nurses with a point-of-care HemoCue Hb 201+ analyzer. 

 Covariates: As this was an exploratory analysis for hypothesis generation of potential 

sociodemographic and clinical risk factors associated with AKI amongst pediatric trauma 

patients in sub-Saharan Africa, we assessed for multiple potential exposures.  

(1) Demographic variables included age in years, sex (binary), tribal association 

(collapsed to be binary of Chewa versus Other due to small numbers), and home 

district (collapsed to be binary of Lilongwe versus Other due to small numbers).  

(2) Comorbidities were determined by patient/care-giver self-report with the exception of 

a few specific diseases in which we confirmed with laboratory testing due to their 

potential impact on kidney function. These diseases included: anemia (defined as 

hemoglobin<11g/dL by World Health Organization classification,76) by point-of-care 

hemoglobin, sickle cell disease by hemoglobin electrophoresis, and malaria by blood 

smears. Human immunodeficiency virus serostatus was determined by self-report of 
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infection or hospital-based testing and documentation as per Malawian national 

guidelines. Hospital disposition was defined as discharged alive, left against medical 

advice, or death.  

(3) Environmental exposures are known to be nephrotoxic. Potential exposures we 

obtained from patient/caregiver report included: primary drinking water source 

(categorical: river or lake, community pipe, individual potable water outside the 

home, potable water inside the home), previous herbal remedies obtained in past 7 

days (yes/no), and previous over-the-counter medications obtained in past 7 days 

(yes/no).  

(4) Several socioeconomic status variables were evaluated as no single variable has been 

shown to best capture an individual’s socioeconomic status in African studies.77,78 We 

obtained common variables for socioeconomic status used in other African studies: 

parental and child’s level of education (continuous integer), mother and father vital 

status (alive/dead), crowding (number of people living in the home divided by the 

number of rooms in the home), type of roofing (categorical: thatch, tile, tin/iron), type 

of flooring (categorical: dirt, cement, tile), and possession of common items 

(refrigerator, television, cell phone, working vehicle, chicken(s), cow(s)). 

(5) Trauma-related factors included type of trauma (categorical: burn, fall, road traffic 

injury, other), body location of trauma (categorical: head/neck, trunk, extremity, 

face), and multiple injuries (yes/no). We attempted to obtain Kampala Trauma Score 

(a validated score for injury severity in low-resourced settings)79 on patients, but 

insufficient patients had all variables documented in their hospital records to calculate 

it (n=2).  
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 Sample Size: To estimate AKI incidence in children (≤18 years of age), we aimed to 

enroll 240 pediatric trauma patients admitted to KCH.  This target sample size would allow us to 

detect a 17% incidence with precision of +/- 5% and allow for a 10% loss-to-follow-up rate for 

patients leaving against medical advice prior to the second creatinine value.  We estimate an 

incidence of 17% based on a study in Blantyre, Malawi that found AKI in 17% of adults 

admitted to general medical wards.80 There were no published estimates of pediatric AKI in 

Malawi at the time of study planning.  

Analysis: The primary outcome of interest was the incidence of AKI, defined by 

creatinine-only KDIGO criteria.2 Descriptive analyses were used to assess the four different 

methods for estimating a child’s baseline creatinine to determine the optimal method for this 

patient population. As there is no gold standard for estimating a baseline creatinine in pediatrics, 

we determined that the lowest creatinine method would provide the least biased estimate as no 

assumptions are made a priori. Descriptive statistics evaluated epidemiological factors and 

mortality associated with those who developed AKI versus those who did not.  Comparisons of 

sociodemographic factors, exposure history and clinical characteristics between those who did 

and did not develop AKI were evaluated with ANOVA and chi-square tests for categorical and 

continuous variables, respectively. For variables with p-values <0.1, we further evaluated 

measures of association for AKI with univariate linear and log-linear regression models to assess 

potential univariate risk factors. Sample size/outcome were too small for multivariate modelling 

of risk factors. 

Data were double-entered into REDCap electronic data capture tools hosted at the 

University of North Carolina at Chapel Hill (UNC) to ensure accuracy of translating paper forms 

to an electronic database.81 All statistical analyses were conducted in SAS, version 9.4 (SAS 
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Institute, Inc., Cary, North Carolina).  The institutional review board at UNC and Malawi’s 

National Health Science Research Committee approved this study. 

 

4.3 Results 

A total of 4547 adult and pediatric trauma patients presenting to KCH were screened, and 674 

(14.8%) were eligible for enrollment (Figure 4.1). However, only 343 (50.9%) of the eligible 

participants were enrolled in the overall study, primarily due to arrival times (i.e., evenings and  

 

Figure 4.1. Patient Enrollment Flow Chart. Patient enrollment flow chart for the larger study. 

For this analysis only the pediatric patients are analyzed. 

 

Sundays when the laboratory was not open) and inability to find participants within the allotted 

enrollment time period. A total of 114 pediatric participants were enrolled and available for 

analysis. 
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Table 4.1. Demographics of Pediatric Trauma Patients Admitted to Malawian Hospital by 
Development of AKI 

 Total AKI No AKI Missing 
 N=114 11 (9.7) 103 (90.4)  

Age (years) (mean, STD) 8.1 (5.1) 7.0 (6.0) 8.2 (5.0) 0 

Gender (female) 42 (37.2) 4 (36.4) 38 (37.3) 1 

Tribe    2 

Chewa 74 (66.1) 8 (72.7) 66 (65.4)  

Other 38 (33.9) 3 (27.3) 35 (34.7)  

District of Injury Location    1 

Lilongwe 75 (66.4) 8 (72.7) 67 (65.7)  

Other District 38 (33.6) 3 (27.3) 35 (34.7)  

Mortality 10 (9.0) 4 (36.4) 6 (6.0) 7a 

Length of Stayb (days) 
(median, IQR) 

12 (7, 26) 19.5 (9, 35) 12 (7, 25) 7a 

Time of Presentation to 
Hospital 

    

Day of the week (weekend, 
Saturday-Sunday) 

12 (10.5) 2 (18.2) 10 (9.7) 0 

Time of Day (daytime, 
08:00-16:00) 

42 (37.5) 6 (54.6) 36 (35.6) 2 

Comorbidities     

Anemia 72 (63.2) 7 (63.6) 65 (63.1) 0 
Malaria 18 (16.2) 1 (9.1) 17 (17.0) 3 
Sickle Cell Diseasec    4 

Sickle Cell Disease 0 (0) 0 (0) 0 (0)  

Sickle Cell Trait 5 (4.6) 0 (0) 5 (5.1)  

Normal Hemoglobin 105 (95.5) 11 (100) 94 (95.0)  

Malnutritiond (median, IQR)     
Weight-for-age Z-scoree -0.3 (-1.4, 0.3) -1.7 (-1.7, -1.7) -0.2 (-1.3, 0.5) 85 

Height-for-age Z-score -0.9 (-1.9, 0.3) -0.8 (-2.2, 0.2) -0.9 (-1.9, 0.3) 7 
Weight-for-length Z-score -0.3 (-1.2, 0.4) -0.6 (-2.1 ,1.0) -0.3 (-1.2, 0.4) 69 

Past Medical History 
(self-report) 

   0 

Prematurity 2 (1.9) 0 (0) 2 (2.1) 7 
Seizures 5 (4.4) 1 (9.1) 4 (3.9) 0 
Asthma 1 (0.9) 0 (0) 1 (1.0) 0 

None 108 (94.7) 10 (90.9) 98 (95.1) 0 

All expressed as N and column percent except where specified. 
AKI=Acute kidney injury; IQR=interquartile range; STD=standard deviation. 
a4 patients absconded, 3 patients missing files 
bLength of stay is determined only for patinets discharged alive. 
cSickle cell disease status was determined by hemoglobin electrophereisis. 
dMalnutrition z-scores obtained using WHO AnthroPlus software, 2007 WHO reference data. 
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eWeight-for-age Z scores are only provided for children up to age 10 years, WHO does not 
provide referent values after 10 years of age. 
KDIGO criteria used to define AKI and new Schwartz equation estimated baseline creatinine. 

 

Demographics: The majority of participants were male (62.8%) and average age was 

8.1±5.1 years (Table 4.1). Participants were primarily local, coming from within the Lilongwe 

district (66.4%). Nine percent of participants died (10 of 114). Overall, the participants were 

malnourished, a large majority had anemia (63.2%), and 16.2% had malaria. HIV status was 

missing for 73.7% of patients. 

Outcome: The incidence of AKI varied depending on the method utilized to estimate a 

child’s ‘baseline creatinine.’ The new (bedside) Schwartz equation seemed to perform best in this 

patient population, giving an AKI incidence of 9.7%. The old Schwartz equation estimated the 

lowest incidence (5.3%). The average incidence using all 4 approaches was 8.4%. The lowest 

creatinine method made the least assumptions but required that two creatinine values were 

obtained from a patient, so it is the least versatile for a low-resourced setting.  

To determine the equation method that estimated baseline creatinine closest to the lowest 

creatinine method, we limited the analyses to those who had two creatinine values. The estimated 

incidences were the same for all methods (8.8%) except the old Schwartz equation (4.4%) (Table 

Table 4.2. Incidence of AKI by Estimated Baseline Creatinine Methoda 

AKI Definition AKI # AKI % AKI Stage 2 or 3 % 

Absolute 0.3 change or one of -- -- -- 
≥1.5 rise of lowest creatinine 8 of 91 8.8% 2.2% (n=2) 

≥1.5 rise of baseline creatinine  
     (estimated by Old Schwartz)18 

4 of 91 4.4% 1.1% (n=1) 

≥1.5 rise of baseline creatinine  
     (estimated by New Schwartz)19 

8 of 91 8.8% 1.1% (n=1) 

≥1.5 rise of baseline creatinine  
     (estimated by modified New Schwartz, 
     for low-resourced settings)20 

8 of 91 8.8% 1.1% (n=1) 

aRestricted to only those with 2 creatinine values 
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4.2). Figure 4.2 provides a visualization for the estimated baseline creatinine using the four 

different methods. Since the lowest creatinine method makes no assumptions about a baseline 

eGFR or equation, we used this as the ‘gold standard’ comparator. The best approximator to the 

lowest creatinine value appears to be the new Schwartz equation using the original kappa (0.413) 

or the kappa (0.42) (India equation). For ease of use and consistency with other literature, we 

used the new Schwartz equation for further analyses. We conducted a sensitivity analysis with 

kappa=0.42 and found no differences in our results. 

 

Figure 4.2. Scatterplot of Baseline Creatinine Estimation by Child’s Length/Height Using 4 

Different Methods. Only patients who had 2 creatinine values were used for this analysis, since 

the method using the lowest creatinine during admission requires a minimum of two values. 

 

Type of Method Used for 

Estimating Baseline Creatinine: 
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Mortality: A total of 10 children died prior to hospital discharge. The risk of death was 

much higher (RR 6.5, 95% confidence interval (CI) 2.2-19.1) for those who developed AKI 

(4/10, 40.0%) than those who did not develop AKI (6/97, 6.2%).  

Length of Stay: Participants who survived to discharge were hospitalized a median of 12 

days (interquartile range (IQR) 7-26) (Table 4.1). Participants with AKI tended to have a longer 

length of stay (19.5 days, IQR 9-35) compared to those without AKI (12 days, IQR 7-25). 

Potential risk factors: A third of participants had burns (33.3%) and falls (30.6%), yet 

two-thirds of participants who developed AKI had burn injuries (63.6%) (Table 4.3). Trauma-

related factors that were associated with AKI included burn injuries, multiple injuries (versus a 

single injury), trunk and facial injuries (Table 4.4). 

We evaluated the potential for concurrent exposures to increase one’s risk of developing 

AKI, including drinking water source, medications and herbal remedies prior to arrival, and 

iodinated contrast (Table 4.3). Only two children had computed tomography exams (neither with 

iodinated contrast). Amongst concurrent potentially nephrotoxic exposures, only herbal remedies 

taken within the preceding seven days was identified as a potential risk factor (RR 6.1, 95% CI 

1.9-19.6) (Table 4.4), but this result should be viewed with caution as only four patients received 

herbal remedies prior to arrival. 

We found no trends for a variety of socioeconomic status indicators impacting AKI risk 

(Table 4.5). 
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Table 4.3. Trauma-related and Nephrotoxic Exposure-related Factors Amongst Admitted 
Pediatric Trauma Patients in Malawi by Development of AKI 

 Total AKI No AKI Missing 
 N=114 11 (9.7) 103 (90.4)  

Type of Trauma    6 
     Burn 36 (33.3) 7 (63.6) 29 (29.9)  
     Fall 33 (30.6) 2 (18.2) 31 (32.0)  
     Road Traffic Injury 24 (22.2) 2 (18.2) 22 (22.7)  
     Other 15 (13.9) 0 (0) 15 (15.5)  

Primary Location of 
Trauma 

   1 

     Head/Neck 21 (18.6) 1 (9.1) 20 (19.6)  

     Trunk 23 (20.4) 4 (36.4) 19 (18.6)  

     Extremity 56 (49.6) 3 (27.3) 53 (52.0)  

     Face 13 (11.5) 3 (27.3) 10 (9.8)  

Multiple Injuries 56 (49.1) 8 (72.7) 48 (46.6) 0 

All Trauma Locationsa    1 

Head/Neck 31 (27.4) 3 (27.3) 28 (27.5)  

Trunk 38 (33.6) 6 (54.6) 32 (31.4)  

Extremity 81 (71.7) 8 (72.7) 73 (71.6)  
Face 23 (20.4) 4 (36.4) 19 (18.6)  

Drinking Water Source    3 

River/Lake 6 (5.4) 0 (0) 6 (6.0)  

Community Pipe/Bore hole 79 (69.3) 7 (63.6) 72 (69.9)  

Piped (Exterior) 17 (15.3) 3 (27.3) 14 (14.0)  
Piped (Interior) 9 (8.1) 1 (9.1) 8 (8.0)  

Medications taken in 
previous 7 days 

34 (29.8) 3 (27.3) 31 (30.1) 0 

Herbal remedies taken in 
previous 7 days 

4 (3.5) 2 (18.2) 2 (1.9) 0 

All expressed as N and column percent except where specified. 
Categories are mutually exclusive except where specified. 
AKI=Acute kidney injury. 
aMultiple categories allowed. 
KDIGO criteria used to define AKI and new Schwartz equation estimated baseline creatinine. 
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Table 4.4. Potential AKI Risk Factors in Admitted Pediatric Trauma Patients in Malawi 

Exposure Total 
AKI 

Episodes 
Crude 
Risks 

Risk 
Differences 95% CI 

Relative 
Risks 95% CI 

Burn Injury 36 7 
19.4% 

(8.2-36.0%) 
13.9% 

-0.1 to 
27.9 

3.5 
1.1 to 
11.2 

Non-burn Injury 72 4 
5.6% 

(1.5-13.6%) 
Reference  Reference  

Multiple Injuries 56 8 
14.3% 

(6.4-26.2%) 
9.1% 

-1.7 to 
19.9 

2.8 
0.8 to 

9.9 

Single Injury 58 3 
5.2% 

(1.1-14.4%) 
Reference  Reference  

Primary 
Location of 
Traumaa 

       

Head/Neck 21 1 
4.8% 

(0.1-23.8%) 
-0.6% 

-11.5 to 
10.3 

0.9 
0.1 to 

8.1 

Trunk 23 4 
17.4% 

(5.0-38.8%) 
12.0% 

-4.5 to 
28.6 

3.2 
0.8 to 
13.4 

Face 13 3 
23.1% 

(5.0-53.8%) 
17.7% 

-5.9 to 
41.4 

4.3 
1.0 to 
19.0 

Extremity 56 3 
5.4% 

(1.1-14.9%) 
Reference  Reference  

Any Trunk Injury 38 6 
15.8% 

(4.2-27.4%) 
9.1% 

-3.8 to 
22.0 

2.4 
0.8 to 

7.3 
Non-trunk 
Injuries 

75 5 
6.7% 

(1.0-12.3%) 
Reference  Reference  

Herbal remedies 
taken in 
previous 7 days 

4 2 
50.0% 

(6.8-93.2%) 
41.8% 

-7.5 to 
91.1 

6.1 
1.9 to 
19.6 

None 110 9 
8.2% 

(4.9-16.6%) 
Reference  Reference  

AKI=Acute kidney injury; CI=confidence interval. 
KDIGO criteria used to define AKI and new Schwartz equation estimated baseline creatinine. 
aCategory is mutually exclusive 
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Table 4.5. Socioeconomic Status Factors Amongst Admitted Pediatric Trauma Patients 
in Malawi by Presence of AKI. 

 Total AKI No AKI Missing 
 N=114 11 (9.7) 103 (90.4)  

Education level completed 
in years (median, IQR) 

    

     Patient 2 (0, 4) 1 (0, 5) 2 (0, 4) 10 
     Mother 6 (4, 10) 5 (2, 10) 6 (4, 10) 13 
     Father 8 (4, 10) 6.5 (0, 10) 8 (4, 10) 21 

Crowding factora (median, 
IQR) 

1.5 (1.2, 2.0) 1.5 (1.2, 2.0) 1.5 (1.2, 2.0) 2 

Type of Roof    0 

     Thatch 45 (39.5) 5 (45.5) 40 (38.8)  

     Tin/Iron 69 (60.5) 6 (54.6) 63 (61.2)  

Type of Floor    1 

     Dirt 60 (53.1) 6 (54.6) 54 (52.9)  

     Cement 53 (46.9) 5 (45.5) 48 (47.1)  

Parent’s deceasedb     

     Mother 4 (3.6) 0 (0) 4 (4.0)  

     Father 10 (9.1) 0 (0) 10 (10.1)  

     Both 4 (3.6) 0 (0) 4 (4.0)  

Possessionsb     

     Refrigerator 13 (11.5) 2 (18.2) 11 (10.8) 1 

     Television 26 (23.2) 3 (27.3) 23 (22.8) 2 
     Cell Phone 88 (78.6) 8 (72.7) 80 (79.2) 2 
     Agricultural Land 58 (52.3) 5 (50.0) 53 (52.5) 3 
     Working vehicle 6 (5.4) 0 (0) 6 (6.0) 3 
     Cow(s) 5 (4.5) 0 (0) 5 (5.0) 2 

     Chicken(s) 46 (41.1) 2 (18.2) 44 (43.6) 2 
     Goat(s) 21 (18.8) 2 (18.2) 19 (18.8) 2 
     Bicycle 40 (36.0) 3 (27.3) 37 (37.0) 3 
     Ox Cart 4 (3.6) 0 (0) 4 (4.0) 2 

All expressed as N and column percent except where specified. 
Categories are mutually exclusive except where specified. 
AKI=Acute kidney injury; IQR=interquartile range. 
aCrowding factor is number of people living in a home divided by number of rooms in the home 
bCategories are not mutually exclusive 
KDIGO criteria used to define AKI and new Schwartz equation estimated baseline creatinine. 
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4.4 Discussion 

To our knowledge, this is the first African AKI study in pediatric trauma patients. The 

incidence of AKI was 9.7% amongst admitted pediatric trauma patients at this single center in 

Malawi. Only a few AKI studies in trauma patients have occurred in Africa, but all are in adult 

patients and were performed at one center in South Africa.82–85 Our estimate that 10% of 

pediatric trauma patients have AKI is less than the incidence found in one of the adult South 

African studies of critically-ill patients (15%)83, but it is higher than what was found for AKI on 

presentation in a similar setting of adult trauma patients (5.6%).84 Therefore, our incidence is 

likely an accurate assessment of AKI in pediatric trauma patients in Africa, yet further studies 

should be conducted in other regions to assess if incidences are similar. 

 Our study is unique as it is the first in pediatric trauma in Africa, a high-risk group of 

patients. The previous meta-analysis on pediatric AKI incidence worldwide found a much higher 

incidence (33%) than our study.67 However, these children were from high income settings and 

likely of higher acuity. Only two studies occurred in low- or low-middle income countries and 

zero studies occurred in Africa. Higher income settings can screen for AKI daily, which is not a 

reality throughout Malawi or many other sub-Saharan African countries. Rarely are two 

screening creatinine values obtained on a patient outside of the research setting in sub-Saharan 

Africa and many other low-resourced areas. Patients may have repeat creatinine values if they 

are known to already have kidney failure, but routine screening to monitor for impending kidney 

failure remains uncommon. It is also possible that children in higher income settings are exposed 

to additional nephrotoxins once hospitalized that are not available in Malawi (i.e., iodinated 

contrast, certain nephrotoxic antimicrobials). The AKI incidence in our cohort mirrors that of a 

recently published cohort of hospitalized children in Blantyre, Malawi (11%).86 These 
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discrepancies of AKI incidence highlight the need for additional robust epidemiological studies 

of AKI in Malawi and other sub-Saharan African countries as well as the inclusion of such sites 

in future efforts to understand and improve management of pediatric AKI worldwide. 

 AKI is a well-known risk factor for mortality in children with sepsis, malaria, and critical 

illness.3,4,6,68–70 AKI in adult trauma patients is also known to increase the risk of death,87–91 but 

little is known about AKI in pediatric trauma patients. To our knowledge, this is only the third 

(and the first in Africa) study to show that AKI in children with trauma significantly increased 

the risk of death compared to those without AKI (40% vs 6.5%, RR 6.5 with 95% CI 2.2-19.1). 

A previous retrospective study in 88 pediatric general trauma patients in the United States who 

were critically ill and intubated also saw an increase in mortality with AKI (23% mortality in 

those with AKI versus 5.5% mortality in those without AKI).92 Another retrospective study in 

children with burns only (n=119) saw higher mortality in those with AKI than those without AKI 

(8.9% vs 1.5%).93 

 Given the limited knowledge about the AKI risk in pediatric trauma patients, little is also 

known about potential risk factors. What is known about AKI risk factors in trauma is drawn 

from the adult literature. The potential risk factors we identified in our study (multiple injuries 

and burns) have also been shown in adult patients. Several studies have identified high rates of 

AKI in adult burn patients.87–89,94,95 The retrospective study on pediatric burn patients also found 

a high incidence of AKI and that development of sepsis was an independent risk factor for 

AKI.93 We did not evaluate for sepsis in our study due to the additional associated costs. 

 In addition, we found that trunk and facial injuries as well as consumption of herbal 

remedies were potential risk factors for AKI in trauma patients. These have not been seen in 

other studies of trauma patients, but it is also possible these were not evaluated in prior studies. 



44 
 

A large multicenter study in France found that hemorrhagic shock and associated hypoperfusion 

laboratory values were associated with a higher risk of AKI,13 yet these are not evaluations 

readily available in Malawi, and similarly other low-resourced areas. Trunk injuries seem like a 

reasonable risk factor given the anatomical location of the kidneys in the trunk. Similarly herbal 

remedies are known nephrotoxins so it also is plausible for this to be a risk factor. However, all 

of these potential risk factors (and potentially others we did not explore such as sepsis) deserve 

further investigations with larger sample sizes as the study was powered for determining the 

incidence of AKI. 

When we evaluated only patients surviving to discharge, we found a trend towards a 

longer length of stay in patients with AKI versus those without (19.5 days vs 12 days). While 

this trend lacked statistical significance, the large difference in our small patient population 

suggests that further investigation in a larger study powered to detect these differences is 

warranted. Longer hospitalizations are seen in adult AKI trauma studies.21,96 If this trend is also 

reflected in pediatric trauma patients, this is potentially an outcome measure that needs continued 

study as this impacts not only the patients’ health, but also the financial impact on healthcare 

systems and families. 

AKI Definitions: An essential component to AKI assessment according to KDIGO 

criteria is knowing a child’s healthy baseline creatinine value. No pediatric study in Africa has 

evaluated the optimal method for estimating a child’s baseline creatinine when it is not known. 

Zappitelli et al, performed a retrospective analysis in the U.S. and compared baseline creatinine 

estimations with true known values to assess which method performed best.72 They did not 

compare different equations for back-calculating a creatinine value, but instead compared the 

estimated baseline creatinine back-calculated from the old Schwartz method with normative 
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values and admission creatinine values. They found that using an eGFR of 120ml/min/1.73m2 for 

baseline outperformed an eGFR of 100ml/min/1.73m2, normative values and admission 

creatinine values. Ideally, we would have been able to do something similar, but no patients in 

our study had a known baseline creatinine value, which is common in Malawi and other low-

resourced areas. Zappitelli et al, and others have shown that depending on how one defines AKI, 

the incidences will vary.5,72 

Building upon previous work, we assumed a baseline eGFR of 120ml/min/1.73m2 and 

evaluated several different equations to subsequently back-calculate a baseline creatinine. We 

compared them to our a priori defined gold standard of ‘lowest creatinine’ during 

hospitalization. We assumed the lowest creatinine during admission to be the most accurate 

assessment of a baseline creatinine as the only significant factor that should falsely lower it 

would be fluid overload (almost no patients receive fluid resuscitation prior to hospital arrival).  

Using the new (bedside) Schwartz equation seemed the best estimation of a patient’s 

baseline creatinine in this population with no known baseline values for several reasons. First, 

the new Schwartz equation allowed us to include all patients, even if only one creatinine value 

was obtained. We also felt that this would be more realistic for other low-resourced settings that 

also are rarely able to obtain multiple creatinine values. Second, visual inspection of all 

estimated creatinine values based on height (Figure 4.2) demonstrated that new Schwartz 

outperformed old Schwartz, particularly after one year of age when the constant changes in old 

Schwartz equation. Our creatinine values were obtained with Jaffe methods, so we expected the 

old Schwartz equation (based on Jaffe methods) to outperform the new Schwartz equation (based 

on enzymatic methods), but this did not seem to be the case and likely relates to the fact that the 

old Schwartz equation overestimates eGFR in children.74 Third, though the new Schwartz 
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equation and the India equation appear similar, the new Schwartz equation is more commonly 

used and would allow for greater comparisons worldwide. 

Limitations: We powered our study to evaluate the incidence of AKI in this pediatric 

trauma population, and evaluation of risk factors was a secondary aim. Thus, risk factors that 

were significant certainly deserve further exploration, but those that were not significant should 

not be excluded from future studies or clinical consideration as we had insufficient sample size 

to achieve adequate power. 

This was the first pediatric AKI study in African trauma patients, yet due to resource 

limitations we were only able to obtain at most two creatinine values on a patient and no urine 

output, which may have led to some missed cases of AKI. There is not a consensus on estimating 

a baseline creatinine when one is not known for this population, but we used several methods to 

investigate a potential optimal method for this setting. This is an area that deserves further 

research to also help align research and diagnostic management plans accordingly. 

We did not reach our goal enrollment due to logistical and financial constraints, but we 

still enrolled >100 patients. Given the lack of electronic medical records and paucity of data in 

paper records, we collected all data prospectively to maximize accurate data collection. A large 

number of eligible patients were missed due to logistical reasons (n=270). We compared those 

patients missed with those enrolled and found no significant differences in gender, age, or 

mechanism of trauma. Based on our enrollment criteria, we did miss enrolling more patients who 

presented on weekends. 
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4.5 Conclusion 

AKI occurs in about 10% of admitted pediatric trauma patients in Malawi, though the 

incidence varies depending on how one estimates a baseline creatinine. In this patient population, 

the new (bedside) Schwartz equation appeared to perform best. A high index of suspicion for 

AKI should be considered for pediatric trauma patients, as early management may improve 

outcomes. Strikingly, those with AKI were 7 times as likely to die as compared to those without 

AKI. Further research should confirm these findings and explore if early identification of AKI in 

pediatric trauma patients can be combined with management strategies to decrease mortality in 

this high-risk population. 
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CHAPTER 5:  VALIDITY OF URINE NGALds® DIPSTICK FOR ACUTE KIDNEY INJURY 

IN A MALAWIAN TRAUMA COHORT 

5.1 Background 

Sub-Saharan African countries routinely are not included in large surveillances and 

analyses of acute kidney injury (AKI).4,11 Difficulties with laboratory confirmation of AKI likely 

contributes to the severe under-reporting and paucity of epidemiological studies on AKI in low-

resourced areas. The only diagnostic test for AKI (serum creatinine) continues to rely on 

laboratory infrastructure, which unfortunately remains limited or non-existent in low-resourced 

settings. Currently, the only alternative, low-cost method for ‘diagnosing’ AKI in some low-

resourced settings is assessing a patient’s urine output but this requires intensive nursing care and 

can be flawed even in the highest resourced settings.  

The Kidney Disease Improving Global Outcomes (KDIGO) AKI guidelines suggest a 

substantial portion of management relies on preventing further nephrotoxic exposure, diligent 

fluid management, and blood pressure control before the need for dialysis (limited or non-

existent in low-resourced settings).2 All of these management tasks (excluding dialysis) could 

easily be adapted for low-resourced settings.  

 Serum creatinine has been used as the practical gold standard for AKI diagnosis for 

decades. Yet serum creatinine is known to be limited, particularly in children, due to hydration 

fluctuations and muscle mass differences. For example, young children have lower levels of 

creatinine than adults, and malnourished patients (children or adults) will have lower creatinine 
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levels than well-nourished age- and gender-matched patients. In addition, serum creatinine can 

take 24-72 hours to rise after a significant injury. So, there has been much interest throughout 

high-income countries to find novel biomarker(s) that might diagnose AKI prior to the rise in 

serum creatinine to help with preventing AKI sequelae and improving its management. 

Urine NGAL (neutrophil gelatinase-associated lipocalin) is one such biomarker that has 

been shown in both adults and children to consistently predict subsequent AKI diagnosis in high-

resourced settings.14–20 It rises within a few hours of a renal injury. Clinical researchers are 

starting to show the clinical utility of real-time trending of urine NGAL to predict and manage 

AKI, thereby improving patient care.14 However, the current urine NGAL biomarker relies on 

robust laboratory infrastructure and consistent power supplies. Recently, a novel dipstick for 

urine NGAL (NGALds® dipstick) was developed for use in low-resourced settings. If it proves 

equally efficacious as the laboratory urine NGAL, it could be quite promising for improving AKI 

diagnostics in low-resourced areas as it requires no laboratory infrastructure and minimal 

electricity requirements (currently temperature-resistant for one month). 

 Malawi, a landlocked country in southeastern Africa, is regularly classified as one of the 

five poorest countries in the world (based on gross domestic product per capita).97 There are two 

large, central teaching hospitals in the country that provide the only nephrology care for a 

population of 18.6 million.98 Their laboratory services frequently experience shortages of 

reagents and power outages, limiting services at times quite severely. A novel diagnostic test for 

AKI that does not rely on reagents, electricity, or experienced laboratory technicians could be 

invaluable in this setting. 

 Nested within a larger prospective cohort study of trauma patients in Malawi, we aimed 

to validate the urine NGAL biomarker and new NGALds® dipstick in a low-resourced 
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environment. We also assessed both the lab-based NGAL (NGAL TestTM) and the NGALds® 

dipstick test characteristics for diagnosing AKI, defined by creatinine-only KDIGO criteria.2 

 

5.2 Methods 

Design: This validation study was nested within a prospective cohort study to evaluate the 

incidence of AKI amongst admitted trauma patients (Chapter 4). The study was conducted at 

Kamuzu Central Hospital (KCH) in Lilongwe, Malawi.  

Study Population: The larger prospective cohort study included all admitted acute trauma 

patients at KCH. The parent study inclusion criteria were age ≥6 months, weight >3kg and an 

expected admission >24 hours. Patient (if ≥7 years) and caregiver had to provide written 

informed consent/assent. Participants were excluded if trauma occurred >5 days prior to hospital 

arrival and if primary language was not English or Chichewa (the Malawian official and national 

languages, respectively). Enrollment (consent and laboratory diagnostics) had to occur within 18 

hours of hospital arrival. The parent study screened 4547 patients and enrolled 337 participants. 

This included 21 participants from a pilot study. For this nested validation study, an additional 

requirement for inclusion was the ability to provide a fresh urine sample on either admission or 

follow-up at 48-72 hours.  

Outcome: The primary outcome of interest was the validity of the urine NGALds® dipstick 

as compared to the (1) urine NGAL laboratory test (The NGAL TestTM) and (2) gold-standard 

AKI diagnosis as defined by creatinine-only KDIGO criteria.2 Serum creatinine, urine lab-based 

NGAL, and urine NGALds® dipstick results were obtained within 18 hours of arrival and again 

48-72 hours later. In Malawi, it is not routine for renal function tests or electrolytes to be 

obtained on any trauma patients. To maximize our accuracy for AKI by KDIGO, we chose to 
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obtain two values 48 hours or more apart. Medical teams could obtain more laboratory tests as 

they deemed medically necessary. No participants had a baseline creatinine value prior to 

admission. For adult participants, we assumed a priori a baseline eGFR of 75ml/min/1.73m2 and 

back-calculated a baseline creatinine using the Modification of Diet in Renal Disease (MDRD) 

Study equation, per KDIGO guidelines2, and excluding the race variable as is preferred in 

African populations.99–102 For pediatric participants, we assumed a priori a baseline eGFR of 

120ml/min/1.73m2 based on previous literature.72 We subsequently back-calculated a baseline 

creatinine using the new (bedside) Schwartz equation based on our previous work in Malawian 

children (Chapter 4).74 

 As mentioned above, routine laboratory testing is quite unreliable at KCH’s main public 

laboratory. To ensure reliable and consistent laboratory results, all laboratory testing was 

conducted at the University of North Carolina (UNC) Project Malawi Laboratory, which is a 

state-of-the-art research laboratory on-site at KCH. This laboratory 

maintains a constant supply of reagents, quality control and assurance 

measurements, and back-up generators to ensure high-quality laboratory 

performance for several research projects. Creatinine values were obtained 

on fresh serum using the Jaffe method on Roche analyzer Cobas C311. 

Urine lab-based NGAL tests were obtained on fresh urine samples using 

the same analyzer with daily control standards checked. The urine lab-

based NGAL (NGAL TestTM) was reported as a continuous value in 

ng/mL. The novel urine NGALds® dipstick was conducted at the bedside 

by trained study  nurses. On a fresh urine sample, 0.1mL of urine was 

pipetted into a pre-prepared freeze-dried reagent test tube. Buffer was 

Figure 5.1. NGALds® 

Dipstick Color 

Category Reference 
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added for 5 minutes. Dipstick inserted and after 10 minutes, if control line was positive, then the 

NGALds® dipstick was compared to color categorized NGAL values (0 if no color appeared, 25, 

50, 100, 150, 300, and 600 ng/mL) for the closest comparison (Figure 5.1).  

Covariates: To determine if the novel dipstick performed differently than other potential 

variables that may be more readily available in resource limited settings, we compared two other 

variable “tests” to the gold-standard AKI diagnosis. The participant or caregiver’s self-report of 

urine output was assessed on arrival and 48-72 hours later; variable was categorized as decreased 

or absent versus no change. In addition, a standard urine dipstick for assessing proteinuria was 

assessed on arrival. Proteinuria was classified categorically as negative/trace, 1+ (0.3gm/L), 2+ 

(1.0gm/L), 3+ (3.0gm/L), or 4+ (≥20gm/L). 

Additional covariates obtained included gender (binary), age (in years), mechanism of 

trauma (categorical), body location of injury (categorical), and laboratory-confirmed 

comorbidities (anemia, sickle cell disease, malaria).79 In addition, we assessed each participant’s 

final hospital outcome (discharged home, transferred, died, or left against medical advice) and 

length of hospitalization. 

Sample Size: The parent study aimed to enroll a total of 480 trauma patients (50% children 

≤18 years of age) who were admitted to KCH (Chapter 4). This study used all available trauma 

participants in the parent study who met inclusion/exclusion criteria.  

Analysis: We assessed demographic and injury-related characteristics with descriptive 

statistics. Spearman rank correlation coefficients (R) assessed categorical groups of NGAL 

values for the urine NGALds® dipstick and lab-based NGAL test. Categories included negative 

(≤50ng/mL), low risk (51-149ng/mL), medium risk (150-299ng/mL), and high risk 

(≥300ng/mL). We used sensitivity, specificity, positive predictive value (PPV), and negative 
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predictive value (NPV) to evaluate the validity of the urine NGAL TestTM (quantitative lab-based 

values) and urine NGALds® dipstick (categorical values) to diagnose AKI. Sub-analyses were 

conducted to assess if the dipstick performed differently by age or gender. Additionally, self-

report of urine output and proteinuria by urine dipstick were individually compared to the gold-

standard AKI by creatinine-only KDIGO criteria for sensitivity, specificity, NPV, and PPV.  

Data were double-entered into REDCap electronic data capture tools hosted at UNC to 

ensure accuracy of translating paper forms to the electronic database.81 All statistical analyses 

were conducted in SAS, version 9.4 (SAS Institute, Inc., Cary, North Carolina).  The institutional 

review board at UNC and Malawi’s National Health Science Research Committee approved this 

study. 

 

5.3 Results 

Of the 337 participants enrolled in the parent study, 307 (91.1%) had urinary data 

available for analysis. Twenty-one participants were in the pilot study and urine samples were 

frozen prior to NGAL testing. We were unable to obtain urine specimens on nine participants. 

 Demographics: Participants were young (median age 25 years, interquartile range (IQR) 

13-38 years) (Table 5.1), a third were children (32.6%), and the majority were male (78.8%). 

Trauma-related AKI was significantly associated with a higher risk of death compared to those 

who did not develop AKI (24.3% versus 6.2%), p-value <0.001. There was a high prevalence of 

anemia in this population (48.5%). 

 Dipstick vs Lab-based NGAL: NGALds® dipstick categories correlated relatively well 

with the lab-based NGAL test results (R=0.74) on admission (Table 5.2) and on hospital day 3 

(R=0.71). Twenty-two of 26 (84.6%) participants with high-risk NGAL values on laboratory 
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Table 5.1. Demographics of Trauma Patients Admitted to Malawian Hospital by 
Development of Acute Kidney Injury 

 Total AKI No AKI Missing 
 N=307 39 (12.7) 268 (87.3)  

Age (years) (median, IQR) 25 (13, 38) 30 (18,40) 25 (12,38) 2 

     Children ≤18 years 100 (32.6) 10 (25.6) 90 (33.6) 2 

Gender (male) 241 (78.8) 32 (82.1) 209 (78.3) 1 

Type/Location of Trauma     

Burns 36 (12.0) 9 (23.1) 27 (10.3) 6 

Motor Vehicle-related 130 (43.2) 17 (43.6) 113 (43.1) 6 
Assaults 59 (19.6) 7 (18.0) 52 (19.9) 6 
Truncal Injury 85 (27.9) 16 (42.1) 69 (25.8) 2 

Multiple Injuries 160 (52.5) 27 (71.1) 133 (49.8) 2 

Comorbidities     

Anemia 149 (48.5) 26 (66.7) 123 (45.9) 0 
Malaria 25 (8.3) 1 (2.6) 24 (9.1) 4 
Sickle Cell Traita 22 (7.5) 3 (8.1) 19 (7.5) 15 

Length of Stayb (days) 
(median, IQR) 

11 (6, 28) 13 (8, 49) 11 (6, 26) 15c 

Mortality 25 (8.5) 9 (24.3) 16 (6.2) 12d 

All data presented as n(percent) unless otherwise specified. 
aNo patients had sickle cell disease (HgSS), so only sickle cell trait (HgAS) is presented. 
bLength of stay is for those discharged alive (n=267). 
c6 absconded, 6 had lost files, 3 discharge dates could not be confirmed. 
d6 absconded, 6 had lost files. 

 

Table 5.2. Categorical Comparisons of Urine Neutrophil Gelatinase-Associated Lipocalin 
(NGAL) Values on Admission in Malawian Trauma Patients 

   Lab-based NGAL Spearman 
Rank 

Correlation 
 

  

  Negative 
(≤50) 

Low Risk 
(51-149) 

Moderate Risk 
(150-299) 

High Risk 
(≥300) 

N
G

A
L

d
s®

 D
ip

st
ic

k 

Negative 
(≤50) 

128 26 2 0 

0.74 

Low Risk 
(51-149) 

13 17 2 3 

Moderate Risk 
(150-299) 

4 15 4 1 

High Risk 
(≥300) 

2 8 18 22 

Test characteristics conducted on admission urine samples only (n=265). 
NGAL=neutrophil gelatinase-associated lipocalin; KDIGO=Kidney Disease Improving Global 
Outcomes; AKI=Acute Kidney Injury; PPV=positive predictive value; NPV=negative predictive 
value 
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testing also had high-risk NGAL values on the dipstick. Similarly, the dipstick captured 45 of 52 

participants (86.5%) with moderate- or high-risk NGAL values on lab-based testing. Sub-group 

analyses revealed that results were similar for adult and pediatric participants.  

NGAL’s Ability to Diagnose AKI: A total of 273 participants had urine samples for 

dipstick testing and hospital outcome data (mortality) available. 12.5% of these participants 

developed AKI. Figure 5.2 demonstrates that if we screened all trauma participants with 

dipsticks, subsequently tested creatinine for AKI confirmation amongst only those with positive 

dipsticks (≥150ng/mL), then we would have captured 44% of AKI episodes (15 of 34) with the 

dipstick.  

 

Figure 5.2. Admitted Malawian Trauma Patients Screened with NGALds® Dipstick and 

Interplay of Positive Dipstick, AKI, and Mortality. Total screened participants, n=273. 

Participants with NGALds+, n=78. Participants with AKI, n=34. Participants that died, n=22. 

Participants that survived without AKI and had NGALds-, n=167. Abbreviations: AKI=acute 

kidney injury. NGALds+ refers to NGALds® dipstick results ≥150ng/mL. NGALds- refers to 

NGALds® dipstick results <150ng/mL. 
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However, we would have also drastically reduced the number of participants we screened with 

creatinine tests from 273 down to 78, an almost 75% reduction in testing. In addition, the 

NGALds® dipstick was elevated (≥150ng/mL) in 10 of 22 patients that died (45%). Proteinuria 

≥0.3gm/L as an indicator of AKI performed similarly to the NGALds® dipstick for capturing 

AKI, but it did worse for capturing participants who died (only capturing 30%). 

Table 5.3 provides the test characteristics of NGALds® dipstick on admission urine 

samples compared to creatinine-only KDIGO defined AKI diagnosis based on all possible 

thresholds. Globally, a consensus has not yet been reached for the ideal threshold of NGAL as a 

marker of AKI. A threshold of 150ng/mL has been used commonly, and based on this threshold, 

the dipstick had moderate sensitivity (44.4%), but reasonable specificity (73.5%). As expected, 

specificity improved, but sensitivity worsened if the threshold was raised to 300ng/mL. Sub-

group analyses revealed consistent results in adults and children. However, amongst children, the 

threshold of 150ng/mL provided a higher specificity (84.2%) with sensitivity of 22.2% for 

detecting AKI. 

Table 5.3. Urine NGALds® Dipstick Test Predictive Characteristics Using KDIGO-
defined AKI (Creatinine-only*) in Malawian Trauma Patients 

Urine NGALds® Dipstick 
Category 

Sensitivity Specificity PPV NPV 

25 97.2 3.6 12.7 90.0 
50 61.1 47.0 14.3 89.3 

100 58.3 61.0 17.8 91.0 

150 44.4 73.5 19.5 90.2 

300 36.1 82.7 23.2 90.0 
600 22.2 90.0 24.2 88.9 

*Using admission urine samples only (n=285). 
NGAL=neutrophil gelatinase-associated lipocalin; KDIGO=Kidney Disease Improving Global 
Outcomes; AKI=Acute Kidney Injury; PPV=positive predictive value; NPV=negative predictive 
value 
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 The lab-based NGAL test performed similarly to the dipstick test for characterizing AKI 

(Table 5.4). Specifically, if we evaluate the lab-based NGAL test at a common threshold for 

NGAL that is also available on the dipstick, a threshold of 150ng/mL on the lab-based NGAL 

test gives sensitivity 38.9%, specificity 82.8%, PPV 25.5%, and NPV 90.0%. 

 Table 5.4. Urine Lab-based NGAL Test Predictive Characteristics Using KDIGO-
defined AKI (Creatinine-only) in Malawian Trauma Patients 

Urine Lab-based NGAL Sensitivity Specificity PPV NPV 

20 83.3 32.8 15.8 92.9 

25 83.3 36.1 16.5 93.5 
50 61.1 56.3 17.5 90.5 

100 38.9 74.4 18.7 88.9 

150 38.9 82.8 25.5 90.0 

200 33.3 88.2 30.0 89.7 

250 30.6 91.2 34.4 89.7 

300 30.6 92.9 39.3 98.8 
350 27.8 94.1 41.7 89.6 
400 27.8 95.4 47.6 89.7 
450 27.8 96.2 52.6 89.8 
500 27.8 97.5 62.5 89.9 
550 25.0 97.9 64.3 89.6 
600 25.0 98.3 69.2 89.7 
650 25.0 98.7 75.0 89.7 
700 22.2 98.7 72.7 89.4 

Test characteristics conducted on admission urine samples only (n=274). 
NGAL=neutrophil gelatinase-associated lipocalin; KDIGO=Kidney Disease Improving Global 
Outcomes; AKI=Acute Kidney Injury; PPV=positive predictive value; NPV=negative predictive 
value 

 

Interestingly, low-grade proteinuria or higher (≥0.3gm/L) revealed similar test 

characteristics for diagnosing AKI (sensitivity 46.0%, specificity 79.6%, PPV 24.6%, NPV 

91.0%). As expected, the higher the proteinuria the higher the specificity, but the sensitivity 

dropped off precipitously to <3% at 3.0gm/L and higher. We also evaluated if a participant or 

caregiver’s report of decreased or absent urine output could perform similarly but it was a very 
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poor indicator for AKI (sensitivity 16.1%, specificity 86.4%). In addition, it was not information 

available at admission for 20.5% of participants (n=63).  

 Mortality: In our population, participants who developed AKI had 3.9 times higher risk 

of death compared to those who did not develop AKI (RR 3.9, 95% CI 1.9-8.2) (Figure 5.3). 

When stratified by age, children had slightly higher risk (RR 5.8, 95% CI 1.7-20.4). However, 

children who first had a positive NGAL dipstick (≥150ng/mL) and developed AKI had the 

highest risk of mortality (RR 12.0, 95% CI 1.8-78.4). Sub-group analyses by gender found no 

differences, though our sample size of female participants was small (n=66). 

 

Figure 5.3. Relative Risk of Mortality for Malawian Trauma Patients with Acute Kidney 

Injury stratified by Age and NGALds® Dipstick Results. The figure presents the relative risk 

(RR) of mortality for those with and without AKI. The left section presents RR of mortality 

amongst everybody (further stratified by age). The middle section presents the RR of mortality 

amongst only those with first a positive NGAL dipstick on admission (further stratified by age). 

The right section presents the RR of mortality amongst only those with first a negative NGAL 

dipstick on admission (further stratified by age). Actual RR presented at the bottom with 95% 

confidence intervals presented in parentheses. AKI=Acute kidney injury; NGAL=neutrophil 

gelatinase-associated lipocalin; Dipstick +=positive NGALds® dipstick (≥150ng/mL); Dipstick -

=negative NGALds® dipstick (<150ng/mL) 
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5.4 Discussion 

In the world’s first validation study of the novel NGALds® dipstick for the diagnosis of 

AKI, there is promising evidence that the dipstick can rule out AKI in trauma patients. It may 

potentially be more useful in identifying high-risk pediatric trauma patients because those 

children with an elevated dipstick level and AKI had a much higher risk of mortality than those 

who had neither. The dipstick correlated well with the lab-based NGAL results. The dipstick was 

used by study nurses at the bedside, and participants/caregivers were easily recruited into the 

study, indicating its ease of use in this low-resourced area. 

NGALds® Dipstick to Rule Out AKI: The dipstick proved to be a useful tool to rule out 

AKI (specificity 73.5%, NPV 90.2%). One wants to prioritize a high specificity for a diagnostic 

test to rule out disease, rather than sensitivity which helps to rule in disease. In a country that 

currently uses subjective clinical signs on a routine basis for AKI diagnosis, ruling out which 

patients need closer monitoring is imperative and, at this stage, one could argue more important 

than AKI confirmation. We do not believe that the NGALds® dipstick will replace a serum 

creatinine test, but in an impoverished area, the dipstick might be useful to triage which one of 

twenty trauma patients gets to take the last seat in a transport vehicle for a 6+ hours trip to the 

tertiary level hospital. 

 NGALds® Dipstick and Mortality: The dipstick seems to be even more promising for 

predicting mortality (after subsequent AKI diagnosis) in children (RR 12.0, 95% CI 1.8-78.4) 

compared to adults (RR 2.9, 95% CI 0.7-11.6). This makes sense because the current diagnosis 

of AKI worldwide relies on a change in serum creatinine. As a lab test that relies on muscle 

mass, creatinine is flawed as an assessment of kidney function, but it is even worse in children. 

So, if NGAL is a better indicator of kidney tubule injury, it makes sense that it would be more 
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highly associated with mortality amongst children than adults. NGAL has also been shown to be 

a better predictor of AKI in pediatrics compared to adults.105 NGALds® dipstick for triage and 

indicator of higher mortality risk amongst subsequent AKI patients could be a valuable tool for 

trauma triage in the field and incorporated into clinical algorithms or care bundles for AKI 

recognition and management.  

 NGALds® Dipstick Ease of Use and Cost-Savings: This was the first large field test for 

the NGALds® dipstick and it correlated well with the lab-based NGAL TestTM (R=0.74). It was 

not perfect, but we learned some invaluable lessons in the field that should be incorporated into 

future designs. For example, given the unpredictability of electricity, the lighting in the 

environment for the dipstick was not consistent and certainly might have impacted our results. 

Yet, the test was non-invasive, and urine could be obtained on >97% of participants. Given the 

promising results for the dipstick to rule out AKI and its association with mortality, if the 

technical components are overcome and it is improved upon, the earlier detection of AKI could 

save many lives in areas that lack access to routine laboratory testing.  

The dipstick could also be a more cost-effective screening tool than serum creatinine. If a 

robust, point-of-care test is kept at < $3 USD per test, it could annually save healthcare systems 

in sub-Saharan Africa thousands of dollars. In approximately four months for our study 

recruitment period, 674 patients were eligible, which extrapolates to 2022 admitted trauma 

patients at KCH annually. Currently at KCH, a serum creatinine costs 5000MWK ($6.80 USD, 

exchange rate 1USD=735 MWK). A potential AKI protocol would be to screen all admitted 

trauma patients for AKI given its high association with mortality, but that would cost the hospital 

more than $13,750USD annually (not including the cost of syringe and test tube needed per 

patient). However, if all patients were first screened with an NGALds® dipstick at most $3USD 
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per test, then the screening cost drops more than half to $6066USD. Assume 25% of those 

screened would be positive, so creatinine would be tested on only 506 patients, an additional 

$3437USD. In total, NGAL dipstick screening could be done at half the cost, and laboratory 

support would only focus on the high-risk patients, offloading low-yield testing from an already 

overburdened system.  

 Potential Expansion of AKI Screening with a Point-of-Care Test: Currently the only 

point-of-care diagnostic tests routinely available and clinically in use for AKI are expensive and 

require temperature-controlled units.107,108 Given the limited laboratory infrastructure and 

unreliability of testing, clinicians in Malawi and many other low-resourced areas often wait until 

a patient is anuric for 24+ hours before diagnosing AKI. This is often too late for preventative 

and management strategies to effectively change the AKI course and prevent the need for 

dialysis, which is often a death sentence in these areas that have little or no access to acute 

dialysis care. We demonstrated in this study that a novel point-of-care dipstick can be used and 

readily acceptable by participants and clinical staff. The NGALds® dipstick is promising as it 

capitalizes on using a kidney injury biomarker to predict AKI and can be used in austere 

environments. AKI screening could expand to more remote areas at district hospitals and health 

centers that frequently do not have the ability to get creatinine values, expediting transfer of the 

most at-risk trauma patients for AKI prior to the onset of kidney failure when it is often too late 

to intervene. 

Other point-of-care tests continue to be explored and should be studied as it is not clear 

which point-of-care test will ultimately prove most reliable, predictable, robust, and cost-

effective. We do know that the current point-of-care tests that rely on temperature-controlled 

conditions are not practical. Perhaps, the urine protein dipstick may prove useful, but the 
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NGALds® dipstick was a better predictor of mortality than proteinuria alone. Others have 

evaluated saliva urea nitrogen (SUN) dipstick as a point-of-care test for bedside kidney function 

assessment.109,110 A few studies on SUN have shown promising results as well in AKI, but they 

have not evaluated it in a trauma population that cannot always produce saliva.111–113 Future 

analyses on SUN from our larger trauma cohort study will be forthcoming.  

 Lab-based NGAL as Marker of AKI in Trauma: A number of pediatric and adult studies 

have shown that urine lab-based NGAL is a good diagnostic marker for AKI.14–17 Similarly, it 

has been shown to predict AKI and to be independently associated with mortality in trauma 

patients.103,104  Depending on the cut-off level chosen (typically 50-200ng/mL), urine lab-based 

NGAL has proven to have sensitivity of 60-100% and specificity 50-100%.15,105,106 With cut-off 

values closer to 100-200ng/mL, the sensitivities and specificities approach 80-90%.105,106 Our 

study is one of the first for lab-based NGAL prediction of AKI in Africa, and we found similar 

specificities (74-93% depending on the cut-off). Our sensitivity results were not as good as 

previous lab-based NGAL studies, but we were limited in our diagnosis of AKI to only 2 

creatinine values at least 48 hours apart so we may also have missed some AKI diagnoses. 

 Limitations: This was the first validation study of this novel NGALds® dipstick. Given 

resource limitations and costs, we were only able to obtain at most two creatinine values on 

participants. As other AKI studies tend to obtain 4-7 daily creatinine values, it is possible that we 

under-diagnosed AKI events. In addition, there is no standard consensus for defining the baseline 

creatinine amongst children, and we previously showed that in children, the definition of 

baseline creatinine estimation has a strong impact on the incidence of AKI (Chapter 4). We 

based our estimation of baseline creatinine on our previous work in the same Malawian 
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population (Chapter 4). KDIGO does state a consensus for estimating a baseline creatinine 

amongst adult patients, which is what we used for this analysis.2 

 This study was a secondary aim of a larger study and so it is possible with more 

participants we could refine the test characteristics of the dipstick. Even though we enrolled 

>300 participants, only 39 participants developed AKI. Future studies may benefit from larger 

numbers so that more participants are captured with AKI. Unfortunately, retrospective or case-

control studies are difficult in low-resourced areas that are not routinely obtaining creatinine 

values, hence why our study was prospective to ensure we had creatinine values on everyone 

involved. 

 

5.5 Conclusions 

AKI can be silent, asymptomatic, until it is quite severe or fatal. In areas where 

diagnostic tests are limited, a point-of-care test to diagnose and prevent the severe sequelae of 

AKI that does not rely on electricity, temperature control, or expert technicians could be life 

saving for many. This is the first validation study of the novel NGALds® dipstick that holds 

such promise. We showed that in a trauma population in Malawi, the dipstick was good at ruling 

out AKI, and it may have even more promise in the pediatric population for predicting who is 

most at risk of death following trauma. The dipstick has potentially far-reaching possibilities 

beyond trauma in Malawi: other parts of Africa, disaster settings, conflict zones, rural areas in 

high income countries, and even as a diagnostic tool in other disease-related AKI episodes that 

deserve further investigations. 
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CHAPTER 6:  CONCLUSION 

AKI is a growing concern worldwide due to its increased recognition and impact on 

morbidity and mortality. With the recent unification of a global consensus on the definition 

(KDIGO 2012), epidemiological evaluations of AKI have started advancing rapidly. However, 

there remain gaps in our knowledge, particularly regarding children and low-resourced areas, 

such as Africa. This work aimed to evaluate the epidemiology of pediatric AKI in both the 

United States and Malawi, Africa, as well as to validate a novel AKI diagnostic tool, the urine 

NGALds® dipstick. Limited diagnostic testing is a key reason for gaps in understanding AKI 

epidemiology in low-resourced areas. We hoped with the validation of a novel point-of-care 

diagnostic tool for AKI to reduce the diagnostic testing barrier, thus laying the groundwork to 

advance the field of AKI. 

Pediatric AKI Epidemiology in the United States: Compared to low-income countries, 

epidemiological studies can be more in-depth and thorough in high-income countries, like the 

U.S. These settings have routine laboratory screening and follow-up for AKI amongst a large 

portion of hospitalized children. In addition, high-income countries more routinely have 

electronic medical records and large surveillance databases which can facilitate retrospective and 

secondary data analyses. These rich data allow for investigations into more nuanced risk factors 

for AKI development. Despite that, only a handful of studies have previously evaluated the 

sociodemographic risk factors of AKI in children, and none had done so from a national 

perspective. 
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We found that AKI occurs in at least 12 of every 1000 pediatric hospitalizations in the 

U.S. Using a large, nationally representative database, we identified that lack of insurance was a 

key risk factor for AKI. In addition, racial minority groups and male sex were associated with 

higher risk of AKI. This is one of the first nationally representative, large analyses in the U.S. to 

show this in children, though adult literature has consistently shown that males and racial 

minorities are at higher risk of AKI. 

Though we were limited to administrative data, our nationally representative cohort gives 

us a broad picture of the problem and risk factors. Further, research should confirm these 

findings in settings not limited by administrative data only, such as linked electronic medical 

records or large cohorts across multiple states that can use full laboratory data for AKI 

confirmation. Other investigations have suggested AKI incidence to be as much as five times 

higher than our incidence, suggesting that administrative data is just the tip of the iceberg. AKI 

episodes captured with administrative data are likely correct, but this data likely misses a large 

portion of unrecognized, or undocumented, AKI episodes. Further research must explore if there 

are also sociodemographic biases in hospitals more or less likely to recognize and/or document 

AKI episodes, which may explain some of our findings. It is likely that the best way to approach 

this will be with a large prospective cohort. AKI can be silent and only detected with appropriate 

laboratory testing, so screening and testing for AKI may differ by hospital characteristics. 

Therefore, retrospective analyses relying on laboratory data (though better than administrative 

data) may also not give an unbiased view of the epidemiology of pediatric AKI in the U.S. 

Pediatric AKI Epidemiology in Malawi: Despite the high burden of pediatric trauma in 

Africa, this was the first analysis of AKI in pediatric trauma patients in Africa. We found that 

approximately 10% of all admitted pediatric trauma patients developed AKI.  
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We found that AKI significantly increases the risk of mortality in pediatric trauma 

patients in Africa. Globally, there has been a growing interest to better understand AKI. In both 

children and adults, multiple studies have shown that AKI increases the risk of mortality as well 

as long-term morbidity complications in a multitude of conditions. Several studies have also seen 

this in Africa. Yet, despite the high burden of trauma worldwide, and in Africa in particular, very 

few studies have evaluated AKI’s association with trauma-related mortality. We showed that if 

children with trauma developed AKI, they were seven times more likely to die than children who 

did not develop AKI. 

As the first study on pediatric AKI in trauma patients in Africa, we evaluated a multitude 

of potential risk factors in this patient population. These risk factors and others deserve further 

attention as this was meant as a hypothesis-driving analysis. However, we did find that children 

who presented with burns, multiple injuries, or had recent intake of herbal remedies tended to 

have a higher risk of AKI. 

Another interesting dilemma in understanding pediatric AKI, particularly in Africa, is 

that there is not a worldwide consensus on defining a child’s healthy baseline creatinine, a key 

component to the KDIGO definition of AKI. In particular, there are no equations validated in an 

African population. In our evaluation, we found that the new (bedside) Schwartz equation 

performed best at estimating a child’s baseline creatinine, though depending on the equation used 

for estimating the baseline creatinine, the incidence of AKI changed (4-10%). Based on the new 

(bedside) Schwartz equation, we estimated that approximately 10% of all admitted pediatric 

trauma patients in Malawi developed AKI. 

Our epidemiological findings should all be confirmed in other Malawian regions and sub-

Saharan African countries. Trauma is the leading cause of mortality for children and young 
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adults worldwide. If it is true that at least 10% develop AKI, then that is a large unrecognized 

burden that requires further research and resources to develop evidenced-based triage, 

recognition, and management approaches to prevent the associated sequelae and potential 

mortality.  

We found intuitive risk factors (burns and multiple injuries) but also that herbal remedies 

may be associated with higher risk of AKI in admitted pediatric trauma patients. If common risk 

factors can be identified worldwide, then there is the potential for clinical care algorithms to use 

these risk factors for stratification and prioritization for further testing and monitoring, and 

perhaps incorporation into commonly used guidelines, such as the World Health Organization’s 

(WHO’s) Integrated Management of Childhood Illnesses (IMCI) for hospitalized children or 

WHO’s Trauma Care Checklist for acute trauma care. 

Novel Dipstick for AKI Diagnosis (NGALds®): Limited diagnostics throughout sub-

Saharan Africa hamper our ability for more in-depth epidemiological studies on AKI. A point-of-

care test to diagnose and prevent the severe sequelae of AKI that does not rely on electricity, 

temperature control, or expert technicians could be life saving for many in low-resourced areas. 

This is the first study to validate the novel dipstick (NGALds®) as just such a tool. We found 

that it was accurate for AKI diagnosis and perhaps risk stratification for those at higher risk of 

mortality after AKI development. This could aid not only in epidemiological studies, but also 

clinical care algorithms that could save lives in many low-resourced areas.  

 This was the first field validation study of the point-of-care NGALds® dipstick. It is 

promising as a tool for triage and risk stratification in a busy, low-resourced setting. 

Modifications are needed to improve its accuracy. However, it was quite robust and readily 

acceptable by clinical staff and participants/caregivers. If these technical challenges can be 
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overcome, the dipstick has potentially far-reaching possibilities beyond trauma in Malawi: other 

parts of Africa, disaster settings, conflict zones, rural areas in high income countries, and even as 

a diagnostic tool in other disease-related AKI episodes. Validation will be needed in these 

additional settings. Ultimately, the dipstick will need interventional trials to see if it can be a tool 

that truly changes outcomes, rather than simply diagnosing AKI. Then, it may prove to be a vital, 

life-saving tool in remote areas worldwide that currently suffer in silence due to lack of 

diagnostics. 
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