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Background. Paediatric intensive care, a valuable resource that improves the outcomes of critically ill children, is often scarce.

Objective. To evaluate the need for paediatric intensive care beds and compare the outcomes of admitted and non-admitted deserving cases.
Methods. A prospective evaluation of all bed requests, in terms of need for intensive care and outcomes of those admitted and not admitted
to a paediatric intensive care unit (PICU), was performed between July 2017 and June 2018. Factors for refusal and for poor outcomes were
evaluated.

Results. Of the 811 bed requests, 32.6% (n=264, p<0.001) were denied access. Of the 231 deserving cases who were denied access, 85.7%
(n=198) were due to unavailability of a PICU bed. Patients not admitted to PICU had a twofold increased risk of dying compared with
those admitted (34.4% v. 15.5% respectively, p<0.001), even though the patient characteristics of both groups were similar (age, gender and
nutritional status). In those admitted, risk factors for mortality were requiring transfusion of blood and platelets (56.0%, p<0.001), requiring
two or more inotropes (52.5%, p<0.001), instability on admission (41.3%, p<0.001), prior cardiac arrest (32.0%, p=0.021), severe acute
malnutrition (26.9%, p=0.043), fungal infection (22.2%, p=0.004) and emergency admission (18.0%, p<0.001). In those not admitted, prior
cardiac arrest (100%, p<0.001) and emergency referral (42.3%, p<0.001) were associated with adverse outcomes.

Conclusion. The need for PICU beds exceeds availability, with a consequent twofold increase in mortality among cases not admitted to
PICU. Paediatric critical care services have increased at appropriate sites of need following completion of this study.
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Intensive care is an expensive resource worldwide,? with the
need for paediatric critical care increasing.”! There is a marked
disparity in the availability of paediatric critical care beds between
low-income and high-income countries (e.g. 0.3 beds per 100 000
children in Ghana!* and 8 beds per 100 000 children in the USA®).
Low- and middle-income countries carry a disproportionately
high burden of cases that require intensive care,”! yet healthcare
professionals here have significantly fewer resources than their
industrialised counterparts. The child mortality rate in South
Africa (SA) is on a downward trend, from 78.1 per 1 000 live births
in 2003 to 40.5 in 2015.1 The country is still lagging behind other
upper-middle-income countries such as Brazil and Mexico, where
child mortality rates were recorded as 16 and 13 per 1 000 live
births, respectively, in 2015.”) Shortages of intensive care services
were noted to be the most frequent modifiable factors in the 2nd
Triennial Report of the Committee on Morbidity and Mortality in
Children under 5 years.® It was the third-most common avoidable
administrative factor in the latest Saving Babies report,’”’ and an
avoidable factor in 15.1% of deaths in patients aged <18 years in the
most recent Saving Children report.'” The scarcity of paediatric
intensive care services has an adverse effect on outcomes of children
of all ages.

KwaZulu-Natal Province (KZN) has the largest provincial paediatric
population in SA, with 3 420 000 children <15 years old.""! There
have been no studies specifically evaluating paediatric intensive care
resources across the country, but a national audit of all (adult,
paediatric and neonatal) critical care (intensive care and high care)
services published in 2007 revealed a bed/population ratio in the KZN
public healthcare sector of 3.1 per 100 000 population.'?! Of all the
critical care beds in KZN, 9.5% were in dedicated paediatric units,

4.8% were in mixed paediatric/neonatal units and 28.6% were in mixed
medical/surgical paediatric/neonatal units.'?! At the time of our study,
there were 25 paediatric intensive care beds in KZN, which equated to
0.73 beds per 100 000 children.

SA data that evaluate the need for paediatric intensive care, and
outcomes of patients denied and provided access to a paediatric
intensive care unit (PICU), are scarce. The identification of factors
influencing outcomes of patients admitted to PICU to guide effective
triaging of patients is essential."*"l A review of SA paediatric
emergency and intensive care resources focusing on infrastructure,
hospital characteristics, staffing (physicians and nurses) and
availability of equipment, drugs and laboratory services, similar to
other multi-country surveys conducted in resource-limited settings,
is necessary."*'* In planning for the expansion of paediatric intensive
care services in KZN, we provide local data on the unmet need at
the province’s largest PICU. We evaluated reasons for denial of PICU
access and compared the outcomes of patients who were admitted
and not admitted to PICU, and evaluated factors affecting these
outcomes.

Methods

Study setting

The KZN Department of Health (DoH) divides the province into
three geographical health areas; each consists of three to five
municipal districts, viz. Area One (eThekwini, iLembe, Ugu),
Area Two (Amajuba, Harry Gwala, uMgungundlovu, uMzinyathi,
uThukela) and Area Three (King Cetshwayo, uMkhanyakude,
Zululand). A total of 41.7% (n=1 426 000) of children in KZN live in
Area One, 32.0% (n=1 095 000) in Area Two and 26.3% (n=898 000)
in Area Three.®! There were 25 PICU beds in the public healthcare
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sector of KZN, viz. 14 beds at Inkosi Albert Luthuli Central Hospital
(IALCH) in the eThekwini district (Area One); 7 beds at 2 hospitals
in the uMgungundlovu district (Area Two); and 4 beds at 1 hospital
in the King Cetshwayo district (Area Three). To maximise utilisation
of PICU facilities, doctors would first contact the PICUs in their
area and thereafter PICUs in other areas as they attempted to secure
access for patients requiring this service. Furthermore, the provincial
DoH has created the capacity at each secondary and tertiary level
hospital to ventilate a critically ill patient for an interim period of
24 - 48 hours, with the aim of stabilisation prior to transfer to a
commissioned PICU facility.

The PICU at IALCH is a multipurpose ‘closed unit’ that admits
emergency and elective, medical and surgical patients, and is
the only PICU in the province to offer quaternary level care.
Elective admissions include cardiothoracic surgery, neurosurgery,
otorhinolaryngology (ENT), paediatric general surgery and plastic
surgery patients. Although the hospital has other ICUs that admit
children, these services are all mixed units for adults and children.
The cardiothoracic surgical ICU has two paediatric beds available for
elective admissions following cardiopulmonary bypass. The trauma
ICU may admit children >2 years of age with trauma or burns, but
it does not have beds reserved for paediatric patients. If there is no
available bed in the PICU, the neurosurgical ICU and the general
adult ICU may admit selected paediatric emergency cases on an
ad hoc basis. The neonatal ICU, with 12 ICU and 8 high care beds,
regularly has a long waiting list. A separate 21-bed paediatric high
care unit utilised for stepping-down of PICU ‘graduates’ and for
managing high-risk patients assessed as not immediately requiring
intensive care provides renal replacement therapy and non-invasive
respiratory support, such as continuous positive airway pressure and
high-flow humidified nasal oxygen.

Study design

We performed a prospective, descriptive evaluation of all bed
requests between 1 July 2017 (when ethical approval was granted)
and 30 June 2018, at the IALCH PICU, Durban, SA.

Participants

All PICU bed requests were by formal telephonic referral, with a
detailed patient-structured questionnaire completed for each bed
request, including characteristics, referring hospital, primary discipline
(medical or surgical) and clinical condition (appendix 1 https://www.
samedical.org/file/1928). The consultant on duty reviewed all requests
and decided on acceptance or denial of access. Requests were collated
to create an anonymous database. Outcomes of admitted patients were
documented prospectively from the electronic PICU records, while
outcomes of the patients not admitted were evaluated via telephonic
follow-up with the referring clinician. There were no exclusion criteria.
Patients admitted on 30 June 2018 were followed up until discharge or
death during the hospital admission.

If a patient’s clinical condition altered significantly enough to
warrant a second discussion with PICU and the decision regarding
acceptance was different (e.g. from refused to accepted), each
discussion was counted as a separate request.

Data collected for all patients were date of admission to hospital
and date of PICU bed request, name and municipal district of
referring hospital, age, gender, HIV status, nutritional status, primary
discipline, organ system involvement, presence of comorbidities,
admission characteristics (emergency, elective, postoperative,
readmission) and outcome.

Additional data collected for patients admitted to PICU were
date of admission and discharge, stability and mode of ventilation

on arrival, modalities of medical and surgical care provided during
admission (mode of ventilation, inotropes, renal replacement therapy,
blood products, surgeries) and positive microbiological cultures (site,
organism, and sensitivity).

Bacterial and fungal infections were confirmed on microbiological
culture, and viral infections were confirmed on either serological
investigations or viral polymerase chain reaction.

Reasons for accepted patients not arriving in the PICU and reasons
why patients were denied access were documented on the telephonic
referral forms. Patients with missing data were included in the study
for a comprehensive evaluation. We excluded patients from the
outcome analyses if their outcomes were unknown.

Definitions

A secondary or regional hospital provides the second level of
hospital healthcare. These hospitals receive referrals from and
provide specialist paediatric support to several district hospitals (the
first level of hospital healthcare).!'®!

A tertiary or provincial hospital provides the third level of hospital
healthcare. These hospitals receive referrals from and provide
subspecialist support to several regional hospitals, including intensive
care services."” At the time of the study, two tertiary hospitals in the
province were able to provide high-frequency oscillatory ventilation
(HFOV), and only one tertiary hospital was able to provide peritoneal
dialysis. There were no tertiary hospitals with the capacity to offer
haemodialysis, nor any staffed by paediatric anaesthesiologists.

A quaternary or central hospital provides the fourth and highest
level of hospital healthcare.' These institutions provide intensive
care services with advanced capabilities (such as HFOV; use of nitric
oxide), haemodialysis, advanced neurological and cardiac monitoring,
and the provision of paediatric anaesthesia. IALCH, a central
hospital, provides highly specialised multispecialty clinical services
including cardiothoracic surgery, neurosurgery, ophthalmological
and otorhinolaryngological surgery, paediatric cardiology, paediatric
endocrinology, paediatric gastroenterology, paediatric nephrology,
paediatric neurology, paediatric pulmonology and plastic surgery.

We defined a delay in admission as >24 hours from the time of
patient acceptance to the time of admission. A longer cut-off than
the conventional 3 - 6 hours was used, as it is commonplace for
long delays to occur owing to an inadequately resourced ambulance
service in the province.

In HIV-positive patients, the HIV viral load was reviewed
(recorded as virological failure if >400 copies/mL), and it was noted
if the diagnosis of HIV was made during the PICU admission.

We assessed nutritional status according to the World Health
Organization classification.'” Low birthweight included all
birthweights <2 500 g.

We defined readmission as a repeat admission to the PICU after
discharge, during the study period. If a patient required more than
one PICU admission during a single hospital stay, we counted each
admission separately.

We defined patients as unstable on arrival if they required a change
of endotracheal tube, increased ventilation, fluid resuscitation or
new/further inotropic support on admission.

Data analysis

We created the database in Excel (Microsoft Corp., USA). It was
subsequently analysed within a quantitative framework making use
of R version 3.6.3, (R Core Team, USA). The results were presented in
the form of descriptive and inferential statistics. Categorical variables
were described as counts and percentage frequencies. Associations
between the categorical variables were assessed using x* tests, and
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when the distribution of the cross-tabulations contained an expected
value of <5, a Fisher’s exact test was applied. A p-value <0.05 was
considered statistically significant.

Ethics approval

For patients admitted to the JALCH PICU, informed consent was
obtained from the caregiver once the patient had been stabilised,
with every attempt made to minimise any undue psychological
distress. As no patient identifiers were recorded and no study-related
interventions were undertaken, permission to collect data of patients
not admitted to the IALCH PICU was obtained prospectively from
the district manager, medical manager and head of paediatrics at all
referring hospitals. Approval from the University of KZN (UKZN)
Biomedical Research Ethics Committee (ref. no. BE051/17), the
KZN DoH (NHRD ref. no. KZ_2016RP27_49) and the hospital
management of JALCH was obtained.

Results

The need for PICU services

Of the 811 bed requests, 67.4% (n=547) were accepted to PICU and
32.6% (n=264) of patients denied access to PICU. The characteristics
of the patients are shown in Table 1. When triaging patients for
admission, there was no bias based on age, gender or nutritional status.

Of the 547 accepted patients, 9.9% (n=54) were not admitted, viz.
35.2% (n=19) died prior to arrival, 31.5% (n=17) improved and no
longer required PICU, 22.2% (n=12) were admitted to high care, 7.4%
(n=4) were admitted to another ICU and the outcome was unknown
in 3.7% (n=2) of patients.

Of the 264 patients who were denied access, 56.1% (n=148)
remained at the referring hospital, 22.7% (n=60) were admitted to
another ICU, 12.9% (n=34) were admitted to a paediatric high care,
5.3% (n=14) were admitted to a paediatric ward and 3.0% (n=8) had
unknown outcomes. In 12.5% (n=33) of the cases denied access, the
patient’s condition did not warrant PICU admission. Reasons for
denying access to the remaining deserving cases (n=231) included no
PICU beds (all beds in the unit were occupied) in 85.7% (n=198), that
the patient was a poor candidate for PICU (unlikely to survive illness
without significant morbidity regardless of whether they received
intensive care or not) in 5.6% (n=13) and in 8.7% (n=20) of cases, the
patient was either too unstable for transfer, the PICU had insufficient
nursing staff (a physical bed was available but there was no nurse to
care for the patient) or the bed request was cancelled.

Of the 13 patients who were denied access on the grounds of being
poor candidates, 30.8% (n=4) survived, 61.5% (n=8) died and 7.7%
(n=1) had unknown outcomes. It is unknown whether the patients
who survived suffered any significant morbidity following their illness.

The need for PICU beds was 23.7 per 100 000 children (compared
with an availability of just 0.73). The need was highest from Area
One (38.8), and lower from Areas Two (11.0) and Three (14.6), where
tertiary-level PICU facilities were available. Tertiary-level care was
sought in 55.7% (1n=308/553) of Area One, 47.5% (n=57/120) of Area
Two and 32.8% (n=43/131) of Area Three referrals.

The outcomes of critically ill patients referred for
paediatric intensive care
Of the 811 bed requests, 4.1% (n=33) were assessed as not warranting
PICU admission. Of these 33 patients, 90.9% (n=30) survived and
9.1% (n=3) died. Of these, 21.2% (n=7) were admitted to other
ICUs and 78.8% (n=26) were not admitted to any ICU. We excluded
patients not warranting PICU admission from the outcome analyses.
Of the 778 bed requests deserving of PICU, 70.7% (n=550) were
admitted to a PICU (493 at the IALCH PICU and 57 at other ICUs).

Two admissions to the IALCH PICU had unknown outcomes and
were excluded from the analyses.

Of the 491 patients admitted to the IALCH PICU, 15.9% (n=78)
were 0 - 1 months of age, 47.0% (n=231) 2 - 12 months, 25.7%
(n=126) 13 - 60 months and 11.4% (n=56) >60 months. There was a
slight predominance of males (54.6%, n=268); 6.9% (n=33) were HIV
positive; 34.9% (n=166) were HIV exposed but uninfected; and 12.9%
(n=63) had severe acute malnutrition (SAM). The overall mortality
rate was 15.7% (n=77).

The median length of stay in the IALCH PICU was 7 (interquartile
range 4 - 14) days in patients who survived and 8 (interquartile range
3 - 17) days in patients who died.

Fifty-seven patients were admitted to other ICUs. Their ages were
10.5% (n=6) 0 - 1 month of age, 49.1% (n=28) 2 - 12 months, 28.1%
(n=16) 13 - 60 months and 12.3% (n=7) >60 months. A total of 70.2%
(n=40) were male, 2.2% (n=1) were HIV-positive, 40.0% (n=18) were
HIV-exposed but uninfected,and 7.7% (n=4) had SAM. The overall
mortality rate was 14.0% (n=8).

As the characteristics and outcomes of the patients admitted to the
IALCH PICU and the patients admitted to other ICUs were similar
(appendix 2: https://www.samedical.org/file/1929), we pooled the
data to create 548 PICU admissions, with a mortality rate of 15.5%.

Of the 228 patients who were not admitted to PICU, 75.0% (n=171)
remained in the emergency area at the referring hospital, where
42.1% (n=72) died; 14.9% (n=34) were admitted to the paediatric
high care at IALCH, where 8.8% (n=3) died; and 5.7% (n=13) were
admitted to a paediatric ward at IALCH and survived. We excluded
10 patients where the outcomes were unknown.

Patients not admitted to PICU had a twofold increased risk of
dying compared with those admitted (34.4% v. 15.5% respectively,
p<0.001) even though both groups had similar referral characteristics.

The characteristics influencing outcomes in critically ill
patients

A comparison of the relative risk for mortality according to different
characteristics of pooled patients admitted and not admitted to any
PICU is shown in Table 2. Mortality rates were high in patients
who were not admitted if they had a history of any of the following:
preterm delivery 36.0% (p<0001), low birthweight 50.0% (p=0.001)
or prior cardiac arrest 100% (p<0.001).

The factors affecting outcomes of patients admitted to
PICU

The factors influencing the outcomes of patients admitted to the
IALCH PICU are shown in Table 3.

Discussion

During this study, the provincial need for PICU beds at IALCH (23.7
per 100 000 children) exceeded availability (0.73); 32.6% of all bed
requests were denied access to PICU, the majority due to insufficient
beds. As the only PICU in Area One, it was not unexpected that the
greatest need was from the same area. Despite the IALCH PICU being
a quaternary-level service, half the bed requests sought tertiary-level
care. These data show that there is an unmet need for tertiary-
level paediatric intensive care beds in Area One of KZN. The high
numbers of tertiary-level patients requiring critical care at quaternary
services impacts negatively on the ability of quaternary services to
deliver on their mandate. Pulmonology, otorhinolaryngology and
paediatric general surgery were the disciplines with the greatest need
for more tertiary-level intensive care services. In 2012 - 2013, 47.6%
of SA paediatric deaths were due to infection or parasitic disease,
and 26.9% to illnesses of the respiratory system. This aligns with the
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Table 1. The characteristics of patients referred for paediatric intensive care (N=811)

Accepted (n=547), Denied access

Characteristic n (%) (n=264), n (%) p-value

Age (months) 0.059
0-1 89 (16.3) 37 (14.0)

2-12 256 (46.8) 109 (41.3)
13- 60 140 (25.6) 71 (26.9)
>60 62 (11.3) 47 (17.8)

Gender n=547 n=263 0.089
Male 294 (53.7) 158 (60.1)

Female 253 (46.3) 105 (39.9)

HIV status n=525 n=227 0.011
Unexposed/uninfected 313 (59.6) 129 (56.8)
Exposed/uninfected 176 (33.5) 93 (41.0)

Positive 36 (6.9) 5(2.2) 0.025

Nutrition n=539 n=238 0.878
Normal* 404 (75.0) 184 (77.3)

Moderate acute malnutrition 57 (10.6) 22 (9.2)
Severe acute malnutrition 68 (12.6) 27 (11.3)
Overweight/obese 10 (1.9) 5(2.1)

Area 0.012
One 380 (69.5) 173 (65.5)

Two 66 (12.1) 54 (20.5) 0.009
Three 96 (17.6) 35 (13.3)
Out of province 5(0.9) 2 (0.8)

Level of referring hospital 0.009

District 29 (5.3) 24 (9.1)
Secondary 289 (52.8) 155 (58.7)
Tertiary 229 (41.9) 85 (32.2) 0.027

Primary discipline <0.001
Cardiology 46 (8.4) 7 (2.6) 0.017
Cardiothoracic surgery 6 (1.1) 5(1.9)

Gastroenterology 12 (2.2) 15 (5.7)
Haematology/oncology 17 (3.1) 1(0.4)
Nephrology 13 (2.4) 4 (1.5)
Neurology 37 (6.8) 27 (10.2)
Neurosurgery 14 (2.6) 24 (9.1) 0.001
Otorhinolaryngology 90 (16.5) 24 (9.1)
General surgery 82 (15.0) 31 (11.7)
Plastic surgery 21 (3.8) 8 (3.0)
Pulmonology 186 (34.0) 92 (34.8)
Trauma 10 (1.8) 13 (4.9)
Other? 13 (2.4) 13 (4.9)

Level of care required 0.171
Tertiary 285 (52.1) 124 (47.0)

Quaternary 262 (47.9) 140 (53.0)

Type of admission n=546 n=261 0.801
Elective 80 (14.7) 40 (15.3)

Emergency 466 (85.3) 221 (84.7)

Percentages and p-values based on cases without missing data. Where p-values are not shown, their values were not
significant. In the case of missing data, the n for the individual characteristic is shown.

*Normal includes no acute malnutrition, and no acute malnutrition but at risk.

Other includes endocrinology, neonatology, ophthalmology, orthopaedic surgery, poisoning and vascular surgery.

high numbers of critically ill children with
respiratory disease requiring PICU.' In
keeping with recommendations of previous
studies,!" patients with HIV or malnutrition
were not excluded from admission, despite
this being a common misconception.

The mortality rate of critically ill patients
not admitted to PICU (34.4%) was more
than double that of patients admitted to
PICU (15.5%) (p<0.001). This confirms
the adverse effect that lack of paediatric
intensive care services has on patient
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outcomes. The mortality rate of patients
admitted to PICU in our study was 15.5%,
compared with a rate of 15.6% reported by
another PICU in KZN in 2016." This is
related to the frequent use of quaternary
services for emergency tertiary-level care. In
2021, a multisite SA study reported a mortality
rate of 9.6%. This difference may be due to
patients <30 days old, premature infants,
children who died within 2 hours of admission
and children transferred to other PICUs being
excluded from that cohort.?” There have
been no other SA studies that reviewed the
outcomes of critically ill patients denied
access to PICU. Of critically ill patients
who were accepted to PICU, 3.4% were not
admitted because they died prior to arrival.
The latest Saving Children report!'” notes
many factors affecting paediatric mortality
that can be addressed at home (in 34.4%
of patients), in the clinic or outpatient
department (10.2%), in the admission or
emergency care area (22.9%), in the ward
at the referring facility (28.3%) or in transit
(4.2%).

The difference in mortality rates in
patients admitted to PICU compared
with those not admitted was significant
regardless of age, gender or level of care
required. There was a significant impact on
outcomes in those who were HIV-negative
(p<0.001), were HIV-exposed uninfected
(p<0.001), of normal nutrition (p<0.001),
had moderate acute malnutrition (MAM)
(p=0.001) and whose primary needs were
neurology (p<0.001) or pulmonology
(p<0.001). A prior cardiac arrest had a
mortality rate of 100% (p<0.001) if not
admitted to PICU, and remained high
even with PICU admission. The difference
in mortality rates was significant if the
patient was referred from a district hospital
(p<0.001), which can be explained by the
comparative lack of resources available at
these hospitals. Similarly, the mortality
rates in patients not admitted to PICU were
higher in patients referred from secondary
(p<0.001) hospitals compared with those
referred from tertiary hospitals. This may
be due to the level of supportive care
provided by paediatricians in the emergency
resuscitation rooms and wards of tertiary
hospitals. Surprisingly, patients referred
from tertiary hospitals had similar mortality
rates regardless of their PICU admission
status, which may be related to the severity
of illness at presentation. Transfer of patients
who were more ill, and possibly unstable,
would have transferred the mortality to the
PICU. There was no statistically significant
difference in mortality if patients were HIV-
positive (p=0.740) or had SAM (p=0.830).



Table 2. A comparison of the relative risk for mortality according to different characteristics of pooled patients admitted (N=548)

and not admitted to any PICU (N=228)

Admitted Not admitted
Characteristic Relative risk (95% CI) p-value Relative risk (95% CI) p-value
Age (months)
0-1 1.47 (0.90 - 2.41) 0.125 1.56 (1.00 - 2.42) 0.048
2-12 1.49 (1.01 - 2.22) 0.046 2.05 (1.40 - 3.01) <0.001
13 - 60 0.78 (0.47 - 1.29) 0.330 0.82 (0.49 - 1.37) 0.445
>60 0.80 (0.39 - 1.66) 0.553 1.17 (0.72 - 1.92) 0.527
Gender
Male 1.22 (0.82 - 1.82) 0.329 2.06 (1.39 - 3.06) <0.001
Female 0.33 (0.73 - 1.63) 0.662 1.94 (1.31 - 2.87) <0.001
HIV status
Unexposed/uninfected 0.76 (0.51 - 1.14) 0.191 2.01 (1.31 - 3.08) 0.001
Exposed/uninfected 1.37 (0.91 - 2.06) 0.135 1.96 (1.30 - 2.93) 0.001
Positive 2.57 (1.51 - 4.38) <0.001 1.19 (0.40 - 3.56) 0.751
Nutrition
Normal* 0.64 (0.43 - 0.96) 0.030 3.12 (1.94 - 5.03) <0.001
Moderate acute malnutrition 1.13 (0.64 - 1.98) 0.681 2.13 (1.39 - 3.28) <0.001
Severe acute malnutrition 2.19 (1.39 - 3.46) <0.001  0.99 (0.52 - 1.91) 0.983
Overweight/obese 2.26 (0.86 - 5.96) 0.098 1.45 (0.53 - 3.93) 0.469
Area
One 1.72 (1.07 - 2.78) 0.026 2.33 (1.53 - 3.54) <0.001
Two 0.87 (0.45 - 1.66) 0.665 1.78 (1.22 - 2.60) 0.003
Three 0.72 (0.38 - 1.39) 0.327 0.61 (0.31 - 1.22) 0.162
Out of province 1.24 (0.21 - 7.52) 0.813 0.64 (0.06 - 7.06) 0.712
Level of referring hospital
District 1.39 (0.62 - 3.15) 0428  2.09 (1.45 - 3.01) <0.001
Secondary 1.43 (0.96 - 2.14) 0.078 3.51 (2.27 - 5.43) <0.001
Tertiary 0.89 (0.59 - 1.34) 0.561 0.352 (0.185 - 0.669) 0.001
Primary discipline
Cardiology 2.00 (1.15 - 3.48) 0.014 1.51 (0.67 - 3.44) 0.323
Gastroenterology 3.10 (1.63 - 5.95) <0.001 1.56 (0.81 - 2.98) 0.181
General surgery 1.02 (0.55 - 1.88) 0.949 0.43 (0.19 - 1.00) 0.049
Haematology/oncology 1.78 (0.74 - 4.29) 0.200 0.73 (0.07 - 8.05) 0.794
Nephrology 3.06 (1.39 - 6.71) 0.005 1.76 (0.90 - 3.43) 0.100
Neurology 0.085 (0.005 - 1.341) 0.080 1.57 (0.94 - 2.62) 0.089
Neurosurgery 0.64 (0.17 - 2.43) 0.509 0.210 (0.032 - 1.404) 0.108
Otorhinolaryngology 0.354 (0.134 - 0.939) 0.037 0.313 (0.106 - 0.930) 0.037
Pulmonology 2.20 (1.49 - 3.25) <0.001 3.15 (2.19 - 4.54) <0.001
Trauma 0.242 (0.016 - 3.715) 0.308 1.51 (0.67 - 3.45) 0.3229
Other? 0.081 (0.005 - 1.277) 0.074 0.65 (0.27 - 1.58) 0.337
Level of care required
Tertiary 2.23 (1.46 - 3.42) <0.001 2.71 (1.83 - 4.03) <0.001
Quaternary 0.60 (0.39 - 0.91) 0.017 1.48 (0.99 - 2.19) 0.055
Type of admission
Elective 0.043 (0.003 - 0.686) 0.026 0.069 (0.010 - 0.480) 0.007
Emergency 27.4 (1.7 - 437.3) 0.019 92.2 (12.9 - 656.5) <0.001

Percentages and p-values based on cases without missing data.
PICU = paediatric intensive care unit.
*Normal includes no acute malnutrition, and no acute malnutrition but at risk.

Other includes cardiothoracic surgery, endocrinology, neonatology, ophthalmology, orthopaedic surgery, plastic surgery, poisoning and vascular surgery.

Of the patients denied access because they did not warrant PICU
admission, 9.1% died. This highlights the fact that our assessment
per telephone may be suboptimal and is dependent on the clinical
assessment of a medical officer or registrar. Of the patients denied
access because they were unlikely to survive without major morbidity,
30.8% survived. Of the patients who were accepted but not admitted
to PICU, 35.2% died and 31.5% survived. These data show that
outcomes are not always predictive during the process of triage.

The mortality rate of HIV-positive patients admitted to PICU was
32.4% (p=0.084), compared with a range of 18.4% - 25.0% reported
in previous SA studies."”??? This is similar to findings from a
Mozambican study where neither HIV exposure nor infection had a
statistically significant association with mortality in PICU.1*! Despite
the success of the elimination of mother-to-child transmission
programme and higher rates of paediatric HIV-positive patients
on antiretroviral therapy, the PICU mortality rate in HIV-positive

875 SAMJ November 2022, Vol. 112, No. 11



Table 3. The factors influencing outcomes of patients admitted to the IALCH PICU recent years. A study in India found an overall

(N=491) mortality rate of 38.8% in malnourished
Survival Total patients admitted to PICU, with increasing

. (n=414), Death (n=491), odds of mortality, ventilation, prolonged
it n (%) = ) n (%) peeallic PICU stay and duration of mechanical

Delay in admission 153 (37.0) 25(32.5) 178 (36.3) 0.452 o . .

ventilation with greater severity of

Unstable on admission 44 (10.6) 31 (40.3) 75 (15.3) <0.001 malnutrition.? This rate is higher than that

Ventilated on admission 333 (80.4) 64 (83.1) 397 (80.9) 0.583 of our patients with SAM (26.9%, p=0.043).

HIV-positive, new 13 (61.9) 4(364) 17 (53.1) 0.169 The mortality rate of children admitted with

diagnosis overweight or obesity was 30.0% (p=0.772),

Inotropic support <0.001 which correlates with a previous study that
Single 56 (13.5) 17 (22.1) 73 (14.9) found that risk-adjusted PICU mortality
Double 38 (9.2) 29 (37.7) 67 (13.6) <0.001 significantly increases as weight-for-height
Triple 6(1.4) 12 (15.6) 18 (3.7) <0.001 or body mass index increases into the
Quadruple 3(0.7) 11 (14.3) 14 (2.8) <0.001 overweight and obese ranges.*!

Mode of ventilation <0.001 Clinical instability on admission, history
NIV only 10 (2.4) 1(1.3) 11 (2.2) of prior cardiac arrest and emergency
CMV only 237 (57.2) 42 (54.5) 279 (56.8) admission are variables known to be included
HFOV only 1(0.2) 1(1.3) 2(0.4) in mortality prediction models,"**?”) and in
NIV and CMV 82 (19.8) 2 (2.6) 84 (17.1) <0.001 our study were associated with mortality
CMYV and HFOV 11 (2.7) 26 (33.8) 37 (7.5) <0.001 rates of 41.3% (p<0.001), 32.0% (p=0.021),
NIV, CMV and HFOV 20 (4.8) 4(5.2) 24 (4.9) and 18.0% (p<0.001), respectively. As

Transfusion requirements <0.001 expected for seriously ill patients, higher
Blood only 132 (31.9) 37 (48.1) 169 (34.4) 0.035 mortality rates corresponded with greater
kil aslly 3(07) 4(5.2) 7 (1.4) Fequlre.men.ts for organ support, such as
Blood and platelets 11 (2.7) 14 (18.2) 25 (5.1) <0.001 increasing inotrope needs (p<0.001), more

invasive modes of respiratory support

Renal replacement therapy 0.004

) . (p<0.001) and renal replacement therapy
Peritoneal dialysis 7 (1.7) 5(6.5) 12 (2.4) (p=0.004).
Hae.zmodialysis 8(1.9) 5(6.5) 13 (2.6) Of all patients admitted to the PICU,

e 36.6% experienced a delay of >24 hours
Any bacterial 242 (58.5) 52 (67.5) 294 (59.9) between the time of acceptance and the
Any fungal 133 (32.1) 38 (49.4) 171 (34.8) 0.004 time of admission, and a substantial group
Any viral 107 (25.8) 21(27.3) 128 (26.1) of patients were regarded as unstable at the

Co-infections 0.012 time of admission, which suggests that they
Bacterial and fungal 57 (19.5) 24 (40.7) 81(23.1) had not been adequately stabilised either
Bacterial and viral 36 (12.3) 6 (10.2) 42 (12.0) prior or during transfer. A total of 9.9% of
Fungal and viral 9 (3.1) 0 (0) 9 (2.6) the accepted patients were not admitted,
Bacterial, fungal, and 44 (15.1) 11 (18.6) 55 (15.7) with 35.2% of these dying prior to arrival.
viral These data highlight that the quality and

Surgery during admission <0.001 timing of transportation of critically ill
Cardiothoracic surgery 22 (5.3) 4(5.2) 26 (5.3) children can impact negatively on patient
General surgery 57 (13.8) 6 (7.8) 63 (12.8) outcomes. A study undertaken in the same
Neurosurgery 16 (3.9) 1(1.3) 17 (3.5) province in 2015 found that transfer to
Otorhinolaryngology 69 (16.7) 0(0.0) 69 (14.1) <0.001 PICU took a mean of 9.5 (range 3.80 - 18.75)
Plastic surgery 19 (4.6) 0 (0.0) 19 (3.9) hours, 31.5% of patients were unstable on
Multiple! 7(1.7) 3(3.9) 10 (2.0) arrival and 8.8% of children died prior to
Other* 5(1.2) 1(1.3) 6(1.2) transportation to PICU.?*l

Length of stay (median, ~ 7.00 (400 -1 800 (3.00- 17.0) 7.00 (4.00 - 14.0) 0.774 Patients requiring tertiary-level care had

IQR) 4.0) a mortality rate of 20.6% compared with

10.2% in those requiring quaternary-level
care (p<0.001).In contrast to the quaternary-
level patients, most of those requiring
tertiary-level care were referred from
other facilities as emergencies, similarly to
findings from other studies where patients
who were transferred to PICUs

Percentages and p-values based on cases without missing data. Where p-values are not shown, their values were not significant.
TALCH = Inkosi Albert Luthuli Central Hospital; PICU = paediatric intensive care unit; NIV = non-invasive ventilation;
CMV = conventional mechanical ventilation; HFOV = high-frequency oscillatory ventilation; IQR = interquartile range.
*Unless otherwise indicated.

"Multiple denotes surgeries performed by more than one discipline.

*Other includes ophthalmological surgery, orthopaedic surgery and vascular surgery.

from

patients doubled if the patient was not
virologically suppressed (61.5% v. 25.0%,
p=0.013), and also increased if newly
diagnosed (23.5%, p=0.169).

The mortality rate in malnourished
children was lower than in a previous study

from KZN that showed mortality rates of
40.0% - 46.7%." Notably, this study was
undertaken >6 years earlier, and there has
been a concerted effort on behalf of the DoH
to train healthcare workers on the integrated
management of acute malnutrition during
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outside hospitals as emergencies had worse
outcomes, increased severity of illness and
increased use of resources compared with
patients admitted from within the same
hospital.” The mortality rate in readmitted



patients of 23.5% was not statistically significant (p=0.104) and is
in keeping with the findings of a PICU in another middle-income
country where no statistically significant association between
readmission and mortality was seen."!

The mortality rate (27.4%, p<0.001) of patients who were
transfused blood products (blood, platelets or both) was similar to
that found in a study in the same unit that reviewed blood transfusion
strategies and found a mortality rate of 27.9% in patients who were
managed according to a modified liberal transfusion strategy.*
This was not in keeping with a previous SA study that showed that
transfusion with blood products was not statistically significant for
mortality.®? Infection, particularly healthcare-associated infection,
is commonplace in the PICU setting.”® An increased mortality
rate was noted in patients who had confirmed fungal infection
(22.2%, p=0.004), which is in keeping with a previous finding that
fungal infection (whether invasive or colonisation) has a significant
contribution to mortality rates in the PICU.1**!

Factors influencing higher mortality rates in patients not admitted
to PICU included moderate acute malnutrition (61.1%, p=0.011),
prior cardiac arrest (100%, p<0.001), respiratory illness (53.5%,
p<0.001) and referral from Area One or Two (32.9% and 51.3%,
respectively, p=0.040). In patients denied access to PICU referred
from a district or secondary-level hospital, mortality rates were 66.7%
and 42.3%, respectively (p=0.039). District hospitals are without
paediatricians and mostly in rural areas, with poor resources and
inadequate facilities. This combination of factors, in addition to the
long distances travelled to paediatric intensive care facilities, likely
contributes to the high mortality rate. It is known that there is a high
incidence of adverse events that occur during transfers of critically
ill children.? A previous study showed increasing mortality rates
with greater inter-hospital distances, but did not prove this to be
statistically significant.!"”!

A limitation of this study was that it was conducted at a single site
and failed to evaluate the needs of the entire province; however, the
other PICUs in KZN serve different geographical areas and none offer
quaternary level care. Furthermore, there may have been a positive
bias regarding the data of patients needing PICU facilities as the
trauma, cardiothoracic, and neurosurgical ICUs also admit paediatric
patients. Additionally, there was no objective assessment of severity
of illness (Paediatric Index of Mortality 3 Score) prior to triaging for
PICU, although the consultant attempted to evaluate severity via a
telephonic consultation. Patients in extremis and those who died
unexpectedly prior to a request for PICU care, or where appropriate
referrals may not have been made due to the perception that they
were unlikely to be accepted, could have led to an underestimation
of the need for paediatric critical care. Despite these limitations, the
quality and completeness of the data collected through the electronic
system, the relatively large data set, and the detailed evaluation of site
and level of care required of critically ill children, make these findings
useful and relevant to local, national, and international policymakers.

Following this study, there has been growth of PICU services in
KZN; with expanded bed numbers in Area One, at the new Dr Pixley
Ka Isaka Seme Memorial Hospital in KwaMashu (eThekwini) and
the revamped General Justice Gizenga Mpanza Regional Hospital
in KwaDukuza (iLembe); and Area Three, at Queen Nandi Regional
Hospital in Empangeni (King Cetshwayo).

Conclusion

We affirmed the value of PICU admission by the statistically
significant difference in mortality rates between patients admitted
and not admitted to PICU. There is a shortage of intensive care
services. When utilising these resources, special consideration should

be given with regard to the disease spectrum, the level of the referral
hospital, a history of prior cardiac arrest and the stability of the
patient prior to transfer. The current process of triaging, the quality
and availability of inter-hospital transportation and the high rates of
mortality associated with blood transfusions warrant further review.
While the unmet need for PICU services is being addressed by
increasing the capacity of tertiary-level critical care services in KZN,
further studies are required to assess the impact of these additional
services on the outcomes of critically ill children.
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