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Abstract

Purpose There is a lack of data-driven, risk-adjusted mortality estimates for injured children outside of high-income countries
(HIC). To inform injury prevention and quality improvement efforts, an upper middle-income country (UMIC) pediatric
trauma registry was compared to that of a HIC.

Methods Clinical data, injury details, and mortality of injured children (< 18 years) hospitalized in two centers (USA and
South African (SA)) from 2013 to 2017 were abstracted. Univariate and multivariable analyses evaluated risk of mortality
and were expressed as odds ratios (OR) with 95% confidence intervals (CI).

Results Of 2089 patients, SA patients had prolonged transfer times (21.1 vs 3.4 h) and were more likely referred (78.2% vs
53.9%; both p <0.001). Penetrating injuries were more frequent in SA (23.2% vs 7.4%, p <0.001); injury severity (9 vs 4)
and shock index (0.90 vs 0.80) were greater (both p <0.001). SA utilized cross-sectional imaging more frequently (66.4% vs
37.3%, p <0.001). In-hospital mortality was similar (1.9% SA, 1.3% USA, p=0.31). Upon multivariable analysis, ISS > 25
[210.50 (66.0-671.0)] and penetrating injury [5.5 (1.3-23.3)] were associated with mortality, while institution [1.7 (0.7-4.2)]
was not.

Conclusions Despite transfer time, the centers demonstrated comparable survival rates. Comparison of registry data can
alert clinicians to problematic practice patterns, assisting initiatives to improve trauma systems.

Keywords Pediatric trauma - Trauma registry - Children - High-income country (HIC) - Low- and middle-income
countries - South Africa - Injury - Africa

Introduction

Surgical care is an indicator of the human, economic, and
physical capital of a well-functioning healthcare system
[1]. Trauma care is the surgical condition par excellence,
best managed with a system capable of effective care deliv-
ery and promotion of its socio-political objectives. High-
income countries (HICs) have deployed such systems, most
notably the American College of Surgeons (ACS) trauma
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verification system, with positive results in public health and
patient care arenas [2—4]. These examples, however, stand in
the context of stable populations and well-defined burdens
of trauma. It is unknown if these systems can be applied to
low- or middle-income countries with young mobile popu-
lations, strained resources, and different profiles of trauma,
“Appendix 17 [5].

Insufficient data limit the understanding of disease bur-
den and outcomes in low- and middle-income country set-
tings, but implementation of trauma registries will facilitate
risk-adjusted estimates of patient outcomes. This study uses
mortality rates, the fourth Lancet Commission on Global
Surgery (LCoGS) indicator, to assess the quality of pedi-
atric trauma care in a major South African trauma service
compared to a trauma center in the US [6]. South Africa is
an upper middle-income country (UMIC) with a relatively
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young population and huge discrepancies in wealth and
access to health care. Like neighboring low- or middle-
income countries, much of the population (40-50%) lives
in rural areas but is beginning to urbanize rapidly. Children
comprise almost one-third of the South African popula-
tion and the burden of injury is high in this age group. The
purpose of this study was to evaluate patient characteris-
tics and outcomes using trauma registry data from a South
African pediatric trauma center in comparison to a United
States trauma center. We hypothesized that differences in
injury patterns, practice, and outcomes would be identified
and may be used to inform injury prevention and quality
improvement.

Methods

This is a dual institution review and institutional review
board approval was obtained prior to study at both sites.
This study was performed at the Pietermaritzburg Metro-
politan Trauma Service (PMTS), Pietermaritzburg, South
Africa and at the Mayo Clinic (MC) in Rochester, Minne-
sota, United States. The trauma registries at both institutions
were reviewed for the 5-year period, January 2013-Decem-
ber 2017 [7, 8]. The PMTS provides definitive trauma care
to the city of Pietermaritzburg, the capital of KwaZulu-Natal
(KZN) province, Fig. 1. It is one of the largest academic
trauma centers in KZN which also serves as the referral
center for 19 other rural hospitals within the province, with
a total catchment population of over 3 million [9]. PMTS is
not a level I trauma center and refers patients that meet trans-
fer criteria to Durban, SA. Transfers occur for patients with
neurosurgical emergencies and diversion due to hospital’s
capacity. Mayo Clinic has both an ACS-verified adult and
pediatric level I trauma center and is a quaternary referral
center that serves predominantly a rural population.

Patients evaluated by the pediatric trauma services at
both centers were included in this study. Demographic data,
admission physiology, and laboratory values were reviewed.
Injury severity was measured for each patient using the
Injury Severity Score (ISS), and admission Glasgow Coma
Scale (GCS) were calculated. Details of the injury mecha-
nism and 30-day mortality were recorded. Patients without
an ISS were excluded from the primary outcome analysis,
Fig. 2.

The primary outcome of this study was to determine
whether the risk of pediatric trauma injury mortality was
different between PMTS and MC after controlling for sever-
ity using ISS [10]. Secondary outcomes included duration
of hospital stay, intensive care unit utilization and duration
of stay, and duration of mechanical ventilation.

Continuous variables with normal distribution sum-
marized with mean and standard deviation, while
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non-parametric continuous variables were summarized
with medians, interquartile ranges (IQRs), and ranges; cat-
egorical variables were summarized with frequency counts
and percentages. Patient characteristics and outcomes were
compared by institution using Chi-square tests for categori-
cal variables, independent ¢ tests for continuous normally
distributed variables, and Wilcoxon rank sum for continuous
non-parametric variables. Multivariable logistic regression
assessing for factors predictive of mortality was performed.
Covariates were selected based on clinical relevance and
significance (p <0.05) on univariate analyses. The multivari-
able analysis results were expressed as odds ratios (ORs)
with 95% confidence intervals (CIs) calculated using likeli-
hood ratio tests. Model sensitivity and calibration were cal-
culated. All data analyses were performed using JMP (SAS
Institute Inc., Cary, NC).

Results
Overall cohort

In this study, there were 2439 patients reviewed. A total of
346 patients (all from PMTS) did not have an ISS assigned
and 4 patients missing age or with an inappropriate value
(also from PMTS) were excluded. More than half of the
missing ISS score occurred in 2014, and >99% of miss-
ing ISS occurred before 2016 (trend < 0.0001), Fig. 2. Ulti-
mately, 2089 patients were included for the primary outcome
analysis. Among these, 656 were female (31%). The over-
all median [IQR] age was 9 [4-14] years. Overall median
time from injury to hospital admission was 6.8 [2.2-21.2]
hours. Broadly, patient injury mechanisms included blunt
(n=1753, 84%), penetrating (n =280, 13%), and other
(n=56, 3%). There were 270 patients (13%) that were
assaulted. Table 1 shows the specific injury mechanisms
for the entire cohort. The median ISS for the entire cohort
was 5 [4-9]. A total of 1010 patients (48%) received cross-
sectional imaging and 512 patients (25%) required operative
intervention. A total of 331 patients (16%) required ICU
level care and the hospital duration of stay was 1 [1-3] days.
Thirty-two patients (1.5%) expired within 30-days.

Comparison of PMTS and Mayo Clinic

There were 797 patients from PMTS and 1292 from the
MC. An higher proportion of penetrating trauma occurred
in PMTS (23% vs 7%, p <0.001) compared to the MC
and less blunt trauma was seen at PMTS (76% vs 89%,
p <0.0001). Differences in the specific injury patterns are
demonstrated in Table 2. Notable differences included an
increased frequency of pedestrian injuries in PMTS com-
pared to MC (19.6% vs 2.6%, p<0.0001) but there were
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Fig.1 Kwa-Zulu Natal health districts and population distribution

fewer sport injuries at the PMTS compared to MC (< 1% vs
16%, p <0.0001). There was an increased proportion of bite
injuries in PMTS compared to MC (9% vs 1%, p <0.0001).

Finally there were no injuries related to all-terrain vehicles
at PMTS, but 93 occurred at MC.
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Fig.2 Patients selected for
analysis

Pietermaritzburg
Metropolitan Trauma
Service (PMTS),
South Africa

(n=1,147 patients)

Mayo Clinic (MC),
United States

(n=1,292 patients)

Excluded due to
missing injury
severity score
(1SS) or

inappropriate age
(n=350)

Comparison of pediatric trauma injury characteristics,
clinical and laboratory values, hospital resource utilization
and outcomes are reported in Table 3. There was a statisti-
cally but not clinically significant difference in age between
patients at PMTS and MC (median age 9.8 vs 9.0 years,
p=0.0077), and no differences in sex were seen between
institutions (p =0.0761). The rate of assault was higher at
PMTS compared to MC (23% vs 7%, p <0.0001). Between
centers, the median time from injury to hospital admission
was prolonged in PMTS (21.1 vs 3.4 h, p<0.0001). There
was no difference between centers based on GCS but the ISS
[IQR] was elevated in patients in PMTS compared to those
in the MC (9 [4-10] vs 4 [4-9], p <0.0001). The proportion
of severely injured, however, was similar (3.4 in PMTS vs
3.5in MC, p=0.9077).

More patients received cross-sectional imaging at PMTS
compared to those at MC (66% vs 37%, p <0.0001), but
they received operative intervention less frequently (19.7%
vs 27.5%) and were less likely to be admitted to an intensive
care unit (10.9% vs. 18.9%, p <0.0001 for both). Among
only patients with penetrating injuries, overall CT rate
was 25% (15% at MC and 30% at PMTS, p=0.0055). The
median hospital duration of stay was prolonged in PMTS
compared to MC (1 [1, 2] vs 1 [0—4]) days. Despite these
differences, the mortality rates were similar between centers
(1.3% MC vs 1.9% PMTS, p=0.31).

Results of the multivariable analysis for factors
predictive of mortality

On regression, the following were independently associated
with mortality [OR (95%CD)]: ISS >25 [210.5 (66.0-671.0)]
and penetrating injury [5.5 (01.3-23.3)]. Patient sex, age,
institution [1.7 (0.7-4.2)], or operative intervention failed
to show significance. Table 4. The sensitivity of the model
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2,089 patients

(area under the curve) was 0.94 and the Hosmer-Lemeshow
test indicated good fit (p =0.62).

Discussion

South Africa has a significant burden of trauma affecting its
young populace. While many of its patients arrive outside
the “golden hour,” mortality rates are comparable on uni-
variate and adjusted comparisons to an HIC. As expected,
the comparison of these two trauma registries highlighted
striking differences in the epidemiology of injury in each
setting—South Africa had more penetrating injuries, more
frequent pedestrian trauma, higher rates of interpersonal
violence, and more injuries sustained after contact with
wildlife. Given the differences in acuity and epidemiology
of trauma in the South African setting, it was not surprising
that resource utilization differed between PMTS compared to
MC. The data provided from the trauma registry and bench-
marking against an HIC not only provides actionable areas
for prevention and practice improvement but demonstrates
the importance of maintaining such registries.

Trauma registries in low- and middle-income countries
are pivotal due to the large burden of disease in this setting.
Globally, 950,000 children die each year as a result of injury
or violence and 95% of these deaths occur outside of HICs
[11]. In Africa, interpersonal violence mortality rates among
males aged 0—15 years are more than double that of world-
wide average [12]. Mortality estimates reported elsewhere in
sub-Saharan Africa are high, from 5.5% to as high as 19%,
and double that of HICs [13-18]. While the epidemiologic
trends shown in this paper reflect these same conditions,
the overall mortality seen in PMTS was similar to that of a
HIC. These data suggest that outcomes are satisfactory for
patients who are able to be treated definitively at PMTS.
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Table 1 Injury characteristics for all patients

Total (N = 2089)

Age at injury 9.0 [4.3, 14.0]
Sex
F 656 (31.4%)
M 1433 (68.6%)
Time between injury and arrival (h) 6.8 [2.2,21.2]

Trauma type

Blunt 1753 (83.9%)
Penetrating 280 (13.4%)
Other 56 (2.7%)
Mechanism
GSW* 53 (2.5%)
MVA® 344 (16.5%)
Asphyxiation 34 (1.6%)
ATV 93 (4.5%)
Bicycle 90 (4.3%)
Bite 90 (4.3%)
Burn 21 (1.0%)
Crush 39 (1.9%)
Fall 514 (24.6%)
Pedestrian 190 (9.1%)
Penetrating 138 (6.6%)
Sport 207 (9.9%)
Struck® 179 (8.6%)
Other 97 (4.6%)
1SS 5.0 [4.0,9.0]
CT Imaging 1010 (48.3%)
Operative intervention 512 (24.5%)

ICU stay 331 (15.8%)
Hospital LOS (days) 1[1, 3]
Mortality 32 (1.5%)

2Gunshot wound
®Motor vehicle accident

“Struck by motorized vehicle

Since patients with severe head injury are transferred from
PMTS for definitive management, it cannot be concluded
that overall mortality is similar between UMIC and HIC
pediatric trauma centers based on this study. The promis-
ing results with respect to PMTS, however, should prompt
further research and investment in low- and middle-income
trauma centers.

Trauma centers have the capacity and responsibility to
lead change and influence policy. In PMTS, higher pen-
etrating trauma, pedestrian injury, and animal attack rates
demonstrated areas for primary prevention and advocacy.
Penetrating injury rates at PMTS have in fact increased
from 16.3% from 2012 to 2014 to 23.2% in our review and
reflect an overall high incidence of penetrating trauma in
sub-Saharan Africa [9, 19]. Violence prevention programs

can better target populations where intentional injury bur-
den is highest using data from this registry [20]. Road traf-
fic accidents and resulting pedestrian injury remain a huge
burden upon trauma systems in low- and middle-income
countries, and our study was no exception with nearly 20%
of injuries resulting from pedestrians injured by some form
of motorized transport [21]. Surgeons have been important
non-partisan actors pushing legislation to improve road
safety in a number of HICs, and these data from PMTS pro-
vide important perspectives to local and national legislators
[22]. Approximately one in every ten injuries in our study
was secondary to animal encounter, mostly snake bites. This
finding expectedly deviated from that seen in the compari-
son MC setting (where there are no indigenous venomous
snakes). While no deaths in PMTS were secondary to snake-
bite, snake envenomation has been reported to have mortal-
ity rates as high as 2.3% and represents a neglected tropical
disease that peaks from ages 1-15 [23, 24]. This again rep-
resents a center-specific area where prevention and quality
improvement efforts could have real impacts on morbidity
and mortality.

Resource utilization differed between the two centers,
and CT scan use was greater at PMTS. To our knowledge,
aside from this study and the aforementioned Zambian
study, trauma registries have not been deployed in sub-
Saharan Africa to examine resource utilization in trauma
[27]. South Africa differs from many low- and middle-
income countries in that its urban trauma centers have
capabilities for advanced imaging. With ease of access to
computed tomography comes increased utilization, as seen
in the United States with respect to the diagnosis of blunt
solid organ injury in pediatric trauma and acute appendi-
citis in children. Subsequently in the United States, efforts
have been undertaken to reduce exposure to ionizing radia-
tion for children and rates of CT use in pediatric trauma
the United States have seen measured decrease [25]. Use
of CT in pediatric trauma patients in South Africa requires
further study to determine optimal utilization and the role
of similar efforts to reduce ionizing radiation exposure for
children, especially in the setting of greater penetrating
trauma. Penetrating trauma usually necessitates exploration
in the operating room, and non-operative management of
childhood penetrating trauma, aside from select cases, has
been discouraged in the HIC setting [26]. It is important to
recognize, however, that the decision to forgo CT in pedi-
atric trauma patients is dependent on the environment and
coexisting resources. The findings of this study pertaining to
CT use in PMTS will drive quality improvement initiatives
to optimize use at the institution.

Comparison of trauma registry data has been a corner-
stone of the ACS and World Health Organization efforts
to improve trauma care nationally and internationally. Such
benchmarking has demonstrated differences in outcomes
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Table 2 Injury type and

. T MC (N =1292) PMTS (N =797) Total (N = 2089) p value
mechanism by institution
Trauma type <0.0001"
Blunt 1149 (88.9%) 604 (75.8%) 1753 (83.9%)
Penetrating 95 (7.4%) 185 (23.2%) 280 (13.4%)
Other 48 (3.7%) 8 (1.0%) 56 2.7%)
Mechanism <0.0001"
GSW* 10 (0.8%) 43 (5.4%) 53 (2.5%)
MVA® 217 (16.8%) 127 (15.9%) 344 (16.5%)
Asphyxia 26 (2.0%) 8 (1.0%) 34 (1.6%)
ATV 93 (7.2%) 0 (0.0%) 93 (4.5%)
Bicycle 74 (5.7%) 16 (2.0%) 90 (4.3%)
Bite 18 (1.4%) 72 (9.0%) 90 (4.3%)
Burn 20 (1.5%) 1(0.1%) 21 (1.0%)
Crush 14 (1.1%) 25 (3.1%) 39 (1.9%)
Fall 350 (27.1%) 164 (20.6%) 514 (24.6%)
Pedestrian 34 (2.6%) 156 (19.6%) 190 (9.1%)
Penetrating 68 (5.3%) 70 (8.8%) 138 (6.6%)
Sport 204 (15.8%) 3(0.4%) 207 (9.9%)
Struck® 72 (5.6%) 107 (13.4%) 179 (8.6%)
Other 92 (7.1%) 5(0.6%) 97 (4.6%)

4Gunshot wound
"Motor vehicle accident
“Struck by motorized vehicle

that have led to coordinated efforts to improve patient care.
For example, higher rates of mortality in traumatic brain
injury in the United Kingdom compared to Australia led the
National Health Service to refer such patients to dedicated
neurosurgical centers [28]. This solution came after review-
ing the data from poor-performing centers, which appeared
to have less experience with such injuries compared to their
Australian counterparts. Most comparative studies like this
one have been in HICs. Haider et al. published a feasibil-
ity study of benchmarking trauma registry data from both
an HIC and LMIC against the NTDB, showing that it was
feasible [21]. In 2017, Spence et al. reported a comparison
of trauma at Cape Town’s largest academic referral center
against matched patients from the NTDB, showing that
patients in South Africa with penetrating trauma did com-
parable to matched patients in the NTDB [20]. Their find-
ings of poorer outcomes in severely head injured and blunt
trauma patients have prompted the hospital to consider both
its own management of such patients and potential preven-
tative efforts such as stricter traffic laws and enforcement
of seatbelt use. The successes and shortcomings of trauma
centers can only be measured by both internal and external
quality assessments. As this paper and others have shown,
implementation of trauma registry systems, like those in
Cape Town and PMTS, allows for such appraisals in the
low- and middle-income country settings.
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The results of this study must be interpreted in the con-
text of its limitations. Our analysis was retrospective in
nature and compared two different trauma settings. While
an attempt was made to adjust for these differences, the pre-
hospital care and trauma profile are vastly different between
PMTS and MC. PMTS is also not a level-1 trauma center,
and while this limitation is partially mitigated by adjusting
for Injury Severity Score, there could be patients who were
referred to a higher level of care not included in the PMTS
cohort. In particular, the transfer of some neurological
trauma cases likely left some deaths unaccounted for in our
data. Thus, the findings regarding resource utilization and
outcomes should be interpreted with some caution. Future
studies will work to pool data collectively from the system
to better account for all mortality.

We were also unable to look closely at complications and
morbidity; and it is possible that the comparable mortal-
ity outcomes seen would not translate into similar morbid-
ity. Prehospital deaths were not accounted for in this study
though are expected to be greater in PMTS due to limitations
in patient retrieval and prehospital care. Data from autop-
sies in the Transkei region of South Africa would support
the high number of traumatic deaths seen in mortuaries. In
a study of 594 child deaths, 2 out of every 3 children died
as a result of traumatic injury [29]. Lack of pre-hospital
care systems in low- and middle-income countries makes
capturing pre-hospital deaths difficult, and the other papers
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Table 3 Injury characteristics, MC(N=1292)  PMTS (N =797) Total (N=2089) p value
clinical and laboratory values,
hospital resource utilization and Age at Injury 0.0077*
outcome by institution N 1292 797 2089
Mean (SD) 9.0 (5.4) 9.6 (5.4) 9.2 (5.4)
Median 9.0 9.8 9.0
QL,Q3 4.0, 14.0 5.1, 14.6 4.3,14.0
Range (0.0-17.0) (0.0-18.0) (0.0-18.0)
Sex 0.07617
F 424 (32.8%) 232 (29.1%) 656 (31.4%)
M 868 (67.2%) 565 (70.9%) 1433 (68.6%)
Time (h) between injury and arrival <0.0001"
N 1291 773 2064
Mean (SD) 12.8 (45.5) 112.7 (617.7) 50.2 (382.7)
Median 34 21.1 6.8
QL,Q3 1.2,7.7 10.3, 49.1 22,212
Range (0.1=714.4) (0.1-12467.2) (0.1-12467.2)
GCS <0.0001*
N 1270 782 2052
Mean (SD) 143 (2.5) 13.7 2.8) 14.1 2.7)
Median 15.0 15.0 15.0
QL,Q3 15.0, 15.0 15.0, 15.0 15.0, 15.0
Range (3.0-15.0) (2.0-15.0) (2.0-15.0)
ISS <0.0001*
N 1292 797 2089
Mean (SD) 7.2(7.5) 8.6 (7.7) 7.8 (7.6)
Median 4.0 9.0 5.0
QL,Q3 4.0,9.0 4.0, 10.0 4.0,9.0
Range (1.0-75.0) (1.0-75.0) (1.0-75.0)
Temperature <0.0001*
N 1110 747 1857
Mean (SD) 36.8 (0.6) 37.0 (11.9) 36.9 (7.6)
Median 36.8 36.5 36.7
QL,Q3 36.6, 37.0 36.1, 37.0 36.4,37.0
Range (23.4-39.3) (32.2-361.0) (23.4-361.0)
HR/SBP = Shock Index (SI) <0.0001*
N 906 740 1646
Mean (SD) 0.9 (0.3) 1.0 (0.6) 0.9 (0.5)
Median 0.8 0.9 0.8
QL,Q3 0.7, 1.0 0.7, 1.1 0.7, 1.1
Range (0.0-3.0) (0.2-12.9) (0.0-12.9)
CT imaging 481 (37.2%) 529 (66.4%) 1010 (48.3%) <0.0001°
Operative intervention 355 (27.5%) 157 (19.7%) 512 (24.5%) 0.0001°
ICU Stay 244 (18.9%) 87 (10.9%) 331 (15.8%) <0.0001°
ICU days <0.0001*
N 1292 795 2087
Mean (SD) 0.5(2.3) 0.4 (1.9) 0.5(2.2)
Median 0.0 0.0 0.0
QL,Q3 0.0, 0.0 0.0, 0.0 0.0, 0.0
Range (0.0-57.0) (0.0-24.0) (0.0-57.0)
Hospital LOS (days) <0.0001*
N 1128 762 1890
Mean (SD) 2.5 (4.2) 3.1 (5.6) 2.8 (4.8)
Median 1.0 1.0 1.0
Q1,Q3 1.0, 2.0 0.0, 4.0 1.0, 3.0
Range (1.0-57.0) (0.0-51.0) (0.0-57.0)
Morality 17 (1.3%) 15 (1.9%) 32 (1.5%) 0.3060°
*Wilcoxon

®Chi-Square
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Table 4 Logistic regression of mortality

Variable Level Pr> Chi-square Odds ratio estimate Lower 95% confidence ~ Upper 95% confi-
limit for odds ratio dence limit for odds
ratio

ISS>25 Yes vs no <0.001 210.498 66.033 671.023

Trauma type Other vs blunt <0.001 60.410 14.772 247.046
Penetrating vs blunt 0.020 5.519 1.309 23.271

Sex Myvs F 0.963 0.977 0.377 2.534

Age 0.574 1.022 0.947 1.103

Institution PMTS vs MC 0.252 1.695 0.687 4.181

Operative intervention Yes vs no 0.224 0.523 0.184 1.488

looking at childhood mortality in injury in sub-Saharan . 0. World Bank definition

Africa share this limitation. Future studies should aim to
gather mortuary data from hospital catchment areas to sup-
plement trauma registries. Last, the patients excluded due to
missing ISS were concentrated in the earlier years, suggest-
ing that oversight of the registry improved over the course
of its implementation.

This study demonstrates the ability of trauma registries
in a developing world surgical service to evaluate perfor-
mance, alert clinicians to problematic practice patterns, and
assist public health initiatives to reduce the disease burden
of injury. They specifically facilitate measurement of mortal-
ity, one of the LCoGS indicators. Support of such registries
furthers the WHO goal of establishing and improving trauma
systems worldwide.
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Appendix 1

The definitions of low-, middle-, lower middle-, upper mid-
dle-, and high-income countries are included below. These
definitions are based upon Gross National Income (GNI) per
capita using the World Bank Atlas method for the 2019 fiscal
year. They can be found at: https://datahelpdesk.worldbank.
org/knowledgebase/articles/906519.
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Low-income economies are those
with GNI per capita of $995 or
less in 2017

Lower middle-income economies
are those with a GNI per capita
of more than $995 but less than
$3896

Middle-income economies are
those with a GNI per capita
between $996 and $12,055

Upper middle-income economies
those with a GNI per capita of
more than $3895 but less than
$12,056

High-income economies are those
with a GNI per capita of $12,056
or more

Low income

Lower middle income

Middle income

Upper middle income

High income
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