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ABSTRACT

Background There are no validated clinical decision
aids to identify neonates and young children at risk

of hospital readmission or postdischarge mortality in
sub-Saharan Africa, leaving the decision to discharge

a child to a clinician’s impression. Our objective was to
determine the precision of clinician impression to identify
neonates and young children at risk for readmission and
postdischarge mortality.

Methods We conducted a survey study nested in

a prospective observational cohort of neonates and
children aged 1-59 months followed 60 days after
hospital discharge from Muhimbili National Hospital in
Dar es Salaam, Tanzania or John F. Kennedy Medical
Center in Monrovia, Liberia. Clinicians who discharged
each enrolled patient were surveyed to determine their
perceived probability of the patient’s risk of 60-day
hospital readmission or postdischarge mortality. We
calculated the area under the precision-recall curve
(AUPRC) to determine the precision of clinician impression
for both outcomes.

Results 0f 4247 discharged patients, 3896 (91.7%) had
available clinician surveys and 3847 (98.7%) had 60-day
outcomes available: 187 (4.8%) were readmitted and 120
(3.1%) died within 60 days of hospital discharge. Clinician
impression had poor precision in identifying neonates and
young children at risk of hospital readmission (AUPRC:
0.06, 95% CI: 0.04 to 0.08) and postdischarge mortality
(AUPRC: 0.05, 95% Cl: 0.03 to 0.08). Patients for whom
clinicians attributed inability to pay for future medical
treatment as the reason for risk for unplanned hospital
readmission had 4.76 times the odds hospital readmission
(95%Cl: 1.31 to 17.25, p=0.02).

Conclusions Given the poor precision of clinician
impression alone to identify neonates and young children
at risk of hospital readmission and postdischarge
mortality, validated clinical decision aids are needed to
aid in the identification of young children at risk for these
outcomes.

WHAT IS ALREADY KNOWN ON THIS TOPIC?

= In parts of sub-Saharan Africa, hospital readmis-
sions and postdischarge mortality rates are esti-
mated to range from 1% to 18% within months of
hospital discharge.

= There are no validated clinical decision aids to ac-
curately identify neonates, infants and young chil-
dren at risk of hospital readmission or postdischarge
mortality in sub-Saharan Africa.

WHAT THIS STUDY ADDS?

= Clinician impression alone had poor precision in
identifying neonates, infants and children at risk
of hospital readmission within 60 days of hospital
discharge.

= Clinician impression also did not accurately identi-
fy neonates, infants and children at risk of 60-day
postdischarge mortality.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY?

= Clinician impression alone is not sufficient to accu-
rately identify neonates, infants and children at risk
of hospital readmission or postdischarge mortality.

= Validated and objective clinical decision aids are
urgently needed to better identify neonates, infants
and children at risk of hospital readmission and
postdischarge mortality.

INTRODUCTION

Mortality rates among children aged <5 years
in sub-Saharan Africa are 74 per 1000 live
births, which is the highest in the world and
is 14 times higher than rates in Europe and
North America." The time after an inpatient
hospital admission is particularly vulnerable
in the life of a child in sub-Saharan Africa.
Recent studies suggest that readmissions
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Figure 1 Flow diagram for included neonates and children
aged 1-59 months discharged from the neonatal wards and
paediatric wards in Dar es Salaam, Tanzania and Monrovia,
Liberia.

occur in 8%-18% of young children and as much as
1%—20% of young children die within 6months after
hospital discharge.”” Childhood mortality rates in the
period immediately after hospitalisation for an illness (ie,
the postdischarge period) approximate and may even
outpace rates of mortality during hospitalisation.” ®
Although clinical prediction rules for all-cause hospital
readmissions among children in settings like the USA
have been developed that include variables such as prior
healthcare utilisation and markers of illness severity,” to
our knowledge, there are currently no clinical prediction
rules for hospital readmissions among children in sub-
Saharan Africa, where readmissions are common. Differ-
ences in healthcare access and disease prevalence in the
USA and sub-Saharan Africa necessitate the creation
of clinical prediction rules catered to settings in sub-
Saharan Africa. Clinical prediction rules have been devel-
oped to identify both young children and those aged <15
years at risk of postdischarge mortality in some settings
in sub-Saharan Africa.®* However, these clinical predic-
tion rules lack external validation and thus are not widely
used in clinical practice. Given the absence of validated
risk assessment tools to identify young children at risk of
readmission and postdischarge mortality in sub-Saharan
Africa, the decision to safely discharge a young child from
a hospital is often driven by clinical judgement.
Clinician impression relies on a clinician’s ability to
recognise patterns that may be associated with severe
disease or an adverse outcome.'” However, the accuracy of
clinician impression to predict outcomes, such as severe
disease from infections, among children has varied in
previous studies conducted in high-income settings.'"™"?
In a survey of 39 providers in Kenya, clinicians underes-
timated the overall incidence of postdischarge mortality
among children."* However, that study did not assess clini-
cian impression of postdischarge mortality for individual

patients and, to our knowledge, that has not been studied
previously.

Given the absence of validated prognostic tools for
hospital readmission and postdischarge mortality among
children in sub-Saharan Africa, our primary objective was
to determine the precision of treating clinicians’ clinical
impression to identify neonates and young children at
risk for hospital readmission and postdischarge mortality
in Dar es Salaam, Tanzania and Monrovia, Liberia. Our
secondary objective was to evaluate factors associated
with accuracy of treating clinicians’ clinical impression to
identify neonates and young children at risk for hospital
readmission and postdischarge mortality.

METHODS

Study design

We conducted a survey nested in a prospective observa-
tional cohort study of paediatric patients discharged from
Muhimbili National Hospital in Dar es Salaam, Tanzania
and John F. Kennedy Medical Center in Monrovia,
Liberia from October 2019 to January 2022. Details of
our study protocol have been published previously.'’
Besides differences in estimated and actual enrolment,
there were no deviations from that protocol. Neonates
and young children aged 1-59 months were enrolled at
discharge from the neonatal or paediatric wards at each
facility. Follow-up consisted of caregivers receiving phone
calls up to 60 days after hospital discharge. Caregivers
provided written consent for participation in Tanzania
and oral consent in Liberia because of cultural prefer-
ence and low rates of caregiver literacy.

Patient and public involvement

The development of the research question was informed
by the disease burden of readmission and postdischarge
mortality among children in sub-Saharan Africa. Patients
were not involved in the design, recruitment or conduct
of the study, nor were they advisers in this study. Results
of this study will be made publicly available through
publication.

Study setting

This study was conducted at two large, national referral
hospitals supported by each country’s Ministry of Health.
They are in urban areas in their respective countries.
Muhimbili National Hospital has a catchment of approx-
imately 6million people and John F. Kennedy Medical
Center has a catchment of approximately 1.5million
people. Both hospitals are training hospitals for paedi-
atric residents who are completing their specialty training.

Study populations

Neonates and young children discharged from the
wards were consecutively enrolled. Neonates and young
children who died during initial hospitalisation were
excluded. Neonates and young children whose caregivers
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Table 1
day hospital readmission or postdischarge mortality

Characteristics of neonates and young children included in the evaluation of clinician impression on predicting 60-

Readmitted to hospital Died 60 days after

Overall population 60 days after hospital hospital discharge

Patient characteristics (n=3896) n (%) discharge (n=187) n (%) (n=120) n (%)
Discharged from neonatal ward* 2173 (55.8) 80 (3.6) 61 (2.8)

Age in days at discharge, median (IQR) 2 (1, 7) 4(2,13) 2 (0,10)
Discharged from paediatrics ward 1723 (44.2) 107 (6.2) 59 (3.4)

Age in months for paediatric patients 12 (5, 24) 8 (4,18) 8 (4, 21)

aged 1-59 months, median (IQR)t
Sext

Male 2198 (56.4) 109 (5.0) 74 (3.4)

Female 1691 (43.4) 78 (4.6) 46 (2.7)
Country

Tanzania 1997 (51.3) 140 (7.0) 63 (3.2)

Liberia 1899 (48.7) 47 (2.5) 57 (3.0)
Disposition from the hospital

Discharge 3775 (96.8) 186 (4.9) 106 (2.8)

Left against medical advice 119 (3.1) 1(0.8) 14 (11.8)

Transfer to another facility 2 (0.05) 0(0.0) 0(0.0)

*Twenty-four neonates had missing age.
TThirty-one young children had missing age.
FSeven participants did not have a documented sex.

did not have telephones for follow-up or those who
declined enrolment were excluded.

Surveyed clinicians included consultants/special-
ists, interns/residents or medical officers. Consultants/
specialists were certified paediatricians or paediatric
specialists who completed medical school, residency and
subspecialty training (for specialists). Interns/residents
had completed medical school and were completing resi-
dency training in paediatrics. Medical officers received

3years of clinical training prior to providing clinical care
to patients.

Study procedures

After obtaining informed consent from caregivers,
trained research coordinators at each site approached the
clinician who discharged each enrolled patient, obtained
consent and asked them to complete a survey near the
time of the patient’s hospital discharge. This survey

Table 2 Association of discharging clinicians’ predicted probability and unplanned 60-day hospital readmission among

neonates and young children

Not readmitted 60 days Readmitted 60 days after
after hospital discharge, n  hospital discharge, n (%)
Total, n (%) (n=3896) (%) (n=3709) (n=187) P value*
Clinician predicted <0.001
probability
0% 2838 (72.8) 2687 (72.4) 151 (80.7)
1%-5% 9(0.2) 9(0.2) 0(0.0)
6%—-20% 26 (0.7) 23 (0.6) 3(1.6)
21%-40% 736 (18.9) 720 (19.4) 16 (8.6)
41%-60% 38 (1.0) 35 (0.9) 3(1.6)
61%-80% 237 (6.1) 227 (6.1) 10 (5.3)
81%-99% 11 (0.3) 7(0.2) 4 (2.1)

There was one respondent who estimated that the discharged child was at risk of hospital readmission but did not assign a proportion.
*By Fisher’s exact test to assess independence of clinician predicted probability and likelihood of hospital readmission.
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Table 3 Test characteristics for clinician predicted probability of unplanned, 60-day hospital readmission among all enrolled

neonates and young children aged 1-59 months overall and by clinician type

Positive Negative Area under
Sensitivity Specificity predictive value predictive value precision-recall
Threshold % (95% Cl) (95% Cl) (95% Cl) (95% Cl) curve (95% Cl)
All clinicians (n=3895)* 0.06 (0.04, 0.08),
chance=0.05
<5 19.3 (13.9,25.1) 72.5(71.0, 73.8) 3.4 (2.5, 4.4) 94.7 (94.3, 95.1)
<20 19.3 (13.9,25.1) 72.7 (71.3,74.1) 3.4 (2.5, 4.5) 94.7 (94.4,95.1)
<40 17.7 (12.3,23.5) 73.7 (72.3,75.1) 3.3(2.4,4.3) 94.7 (94.3, 95.0)
<60 16.0 (11.2,21.9) 74.3(72.9, 75.7) 3.0(2.1,4.1) 94.6 (94.3, 94.9)
<80 7.5(4.2,11.8) 93.7 (92.9, 94.4) 5.6 (3.1, 8.7) 95.3 (95.1, 95.5)
<99 2.1 (0.5, 4.3) 99.8 (99.7, 99.9) 36.4 (9.1, 66.7) 95.3 (95.2, 95.4)
Consultant/specialist 0.05 (0.02, 0.08),
(n=175) chance=0.03
<5 16.7 (0, 50.0) 69.2 (62.1, 75.8) 1.9 (0.0, 5.7) 95.8 (94.7, 97.6)
<20 16.7 (0, 50.0) 69.8 (62.7, 76.3) 1.9 (0, 5.9) 95.9 (94.7, 97.6)
<40 16.7 (0, 50.0) 73.4 (66.3, 79.9) 2.1 (0, 6.7) 96.1 (95.0, 97.7)
<60 0.0 (0.0, 0.0) 75.2 (68.6, 81.1) 0.0 (0.0, 0.0) 95.5 (95.1, 95.8)
<80 0.0 (0.0, 0.0) 85.2 (79.9, 90.5) 0.0 (0.0, 0.0) 96.0 (95.7, 96.2)
<99 0.0 (0.0, 0.0) 100 (100, 100) NA 96.6 (96.6, 96.6)
Intern/resident (n=3502) 0.06 (0.03, 0.08),
chance=0.05
<5 14.9 (9.9, 20.5) 72.4 (70.8, 73.9) 25(1.7,3.5) 94.6 (94.3, 95.0)
<20 14.9 (9.9, 20.5) 72.5(70.9, 74.0) 2.5(1.7, 3.5) 94.6 (94.3, 95.0)
<40 14.9 (9.9, 20.5) 73.2 (71.6, 74.7) 2.6 (1.7, 3.6) 94.7 (94.4,95.1)
<60 13.6 (8.7, 19.3) 73.5(71.9, 75.0) 2.4 (1.6, 3.4) 94.6 (94.3, 94.9)
<80 5.6 (2.5, 9.3) 94.1 (93.3, 94.9) 4.3(1.9,7.3) 95.4 (95.2, 95.6)
<99 1.2 (0.0, 3.1) 99.9 (99.8, 100) 40.0 (0.0, 100) 95.5 (95.4, 95.5)
Medical officer (n=217) 0.23 (0.17, 0.34),
chance=0.09
<5 55.0 (30.0, 75.0) 76.1(70.1, 81.7) 18.9 (11.6,26.5) 94.3 (91.6, 96.9)
<20 55.0 (30.0, 75.0) 78.7 (72.6, 84.3) 20.7 (12.7,29.4) 94.5 (91.9, 96.9)
<40 40.0 (20.0, 60.0) 82.2 (76.6, 87.3) 18.4 (9.4, 28.9) 93.1 (90.8, 95.5)
<60 40.0 (20.0, 60.0) 86.8 (81.7,91.4) 23.5(12.1,36.4) 93.4 (91.3, 95.7)
<80 25.0 (9.8, 45.0) 93.9 (90.4, 96.9) 29.4 (10.5,50.0) 92.5(90.9, 94.4)
<99 10.0 (0.0, 25.0) 97.9 (95.9, 99.5) 33.3 (0.0, 80.0) 91.5 (90.6, 92.8)

*There was one respondent who estimated that the discharged child was at risk of hospital readmission but did not assign a proportion.

modelled previous surveys that assessed clinician impres-
sion'? and was developed through an iterative process by
the research team with multiple opportunities to each
investigator to refine the content. The survey was also
reviewed by an expert in survey design (ie, a survey meth-
odologist) to ensure question clarity and appropriate
response types (online supplemental appendix survey).
This survey was designed to allow clinician respondents
to describe their perceived probability that each patient
would experience both outcomes. Responses were
recorded on standardised, electronic case report forms

in electronic tablets using SQL (Tanzania) and KoboTo-
olbox (Liberia).

Measurement and outcomes

The exposure variable was the impression of the
discharging clinician of the patient’s risk of: (1)
unplanned hospital readmission within 60 days of
hospital discharge or (2) all-cause, 60-day postdischarge
mortality. Aligned with previous studies,'? probabilities of
perceived risk of readmission or postdischarge mortality
included categorical options of 0%, 1%-5%, 6%-20%,
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Table 4 Association of discharging clinicians’ predicted probability and all-cause, 60-day postdischarge mortality among

neonates and young children

Did not die 60 days after Died 60 days after
hospital discharge, n (%) hospital discharge, n (%)
Total, n (%) (n=3896) (n=3776) (n=120) P value*
Clinician predicted 0.002
probability
0% 3746 (96.1) 3637 (96.3) 109 (90.8)
1%-5% 10 (0.3) 10 (0.3) 0 (0.0
6%-20% 9(0.2) 7(0.2) 2(1.7)
21%-40% 13 (0.3) 1(0.3) 2(1.7)
41%-60% 95 (2.4) 90 (2.4) 5(4.2)
61%-80% 21 (0.5) 20 (0.5) 1(0.8)
81%-99% 2(0.1) 1 (0.03) 1(0.8)

*By Fisher’s exact test to assess independence of clinician predicted probability and likelihood of hospital readmission.

21%—-40%, 41%-60%, 61%-80%, 81%-99% and 100%.
This survey also assessed discharging clinicians’ percep-
tions of why readmission or postdischarge mortality were
possible for those who were identified as atrisk for each
outcome. Surveyed clinicians were familiar with the
patients’ clinical history and laboratory results during
hospital admission. To assess for outcomes, phone calls
to patients’ caregivers were made by research staff at 7,
14, 30, 45 and 60 days after hospital discharge. Outcomes
were determined as reported by caregivers to research
staff.

Statistical analyses

The association of the discharging clinicians’ predicted
probability of readmission or postdischarge mortality
and proportion of patients at each clinician-estimated
risk threshold (eg, 0%, 1%-5%, etc) who were read-
mitted or died was compared using x* or Fisher’s exact
testing (p<0.05 for signiﬁcance).12 We calculated sensi-
tivity, specificity, positive predictive value and negative
predictive value of treating clinician’s impression at each
per cent risk threshold using caregiver-reported readmis-
sion or postdischarge mortality as the reference stand-
ards. We determined the precision of clinician impres-
sion for identifying patients at risk of readmission or
postdischarge mortality by calculating the area under the
precision-recall curve (AUPRC) which is useful for evalu-
ating binary classifiers in imbalanced datasets.'® 95% CI
for the AUPRC were calculated through fivefold cross-
validation. We compared AUPRC and corresponding
95% ClIs to baseline chance of the outcome occurring in
that group. A 95% CI higher than baseline chance indi-
cated better precision than random chance.

We conducted subanalyses by the discharged patient’s
age group (ie, neonate or young child), clinician experi-
ence level (ie, consultant/specialist, intern/resident or
medical officer), site and time to outcome. We conducted
binary logistic regression analyses to assess whether the
perceived reason for risk for each outcome was associated

with the patient’s likelihood of each outcome. Addi-
tionally, we conducted binary logistic regression anal-
yses to assess whether the clinician probability for each
outcome was associated with the patient’s likelihood of
each outcome after adjusting for clinician type, patient
age at discharge (months), whether the discharge diag-
nosis was infectious or not and duration of hospitalisa-
tion (days). Due to small sample sizes in the non-0%
clinician probability categories, we reduced the categori-
sation of perceived risk to 0%, 1%-20%, 21%-60% and
61%—-99%. The clinician cited reason for the outcome
was also considered in the model but was removed due
to collinearity as assessed by the variance inflation factor.
All tests were two-sided tests and used a 0.05 significance
level. AUPRC analyses were conducted through the
precrec package in R."” All analyses were performed in R
V.4.1.3 (R Foundation for Statistical Computing, Vienna,
Austria) and SAS V.9.4 (SAS Institute, Cary, North Caro-
lina, USA).

RESULTS

There were 4460 discharged patients, 4247 (95.2%)
enrolled and 3896 (91.7%) had complete clinician
surveys (figure 1). Enrolment was approximately
equal between the two sites (Tanzania n=1997, 51.3%,
Liberia n=1899, 48.7%) (table 1). There were 2173
(55.8%) neonates and 1723 (44.2%) young children
who had clinician surveys available.

Sixty-day outcomes were available for 3847 (98.7%)
enrolled patients. The median age of enrolled
neonates was 2 days (IQR: 1-7) and 12 months (IQR:
5-24) for infants and children. The most common
discharge diagnoses among neonates were sepsis
(29.7%, n=609), prematurity (28.8%, n=591) and
birth asphyxia (15.8%, n=323). Among infants and
children, pneumonia (12.1%, n=223), diarrhoeal
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Table 5 Test characteristics for clinician predicted probability of all-cause, 60-day postdischarge mortality among all enrolled

neonates and young children aged 1-59 months by clinician type

Positive Negative Area under
predictive value predictive value precision-recall
Threshold % Sensitivity (95%Cl)  Specificity (95%Cl)  (95% ClI) (95% Cl) curve (95% Cl)
All clinicians 0.05 (0.03, 0.08),
(n=3895)* chance=0.03
<5 9.2 (4.2, 15.0) 96.3 (95.7, 96.9) 7.3 (3.5, 11.9) 97.1 (96.9, 97.3)
<20 9.2 (4.2, 15.0) 96.6 (95.9, 97.2) 7.7 (3.8, 12.7) 97.1 (96.9, 97.3)
<40 7.5 (3.3, 12.5) 96.7 (96.2, 97.3) 6.8 (2.9, 11.6) 97.1 (96.9, 97.2)
<60 5.8 (1.7, 10.8) 97.1 (96.5, 97.6) 5.8 (1.9, 10.5) 97.0 (96.9, 97.2)
<80 1.7 (0.0, 4.2) 99.4 (99.2, 99.7) 8.3 (0.0, 22.7) 96.9 (96.9, 97.0)
<99 0.8 (0.0, 2.5) 99.9 (99.9, 100) 50.0 (0.0, 100) 96.9 (96.9, 96.9)
Specialist or 0.05 (0.02, 0.07),
consultant chance=0.04
(n=175)
<5 0.0 (0.0, 0.0) 97.6 (95.2, 99.4) 0.0 (0.0, 0.0) 95.9 (95.8, 95.9)
<20 0.0 (0.0, 0.0) 97.6 (95.2, 99.4) 0.0 (0.0, 0.0) 95.9 (95.8, 95.9)
<40 0.0 (0.0, 0.0) 97.6 (95.2, 99.4) 0.0 (0.0, 0.0) 95.9 (95.8, 95.9)
<60 0.0 (0.0, 0.0) 97.6 (95.2, 99.4) 0.0 (0.0, 0.0) 95.9 (95.8, 95.9)
<80 0.0 (0.0, 0.0) 98.8 (97.0, 100) 0.0 (0.0, 0.0) 95.9 (95.9, 96.0)
<99 0.0 (0.0, 0.0) 100 (100, 100) = 96.0 (96.0, 96.0)
Intern/resident 0.05 (0.02, 0.08),
(n=3502) chance=0.03
<5 8.8 (3.9, 14.7) 97.1 (96.5, 97.6) 8.3 (3.7, 13.8) 97.3 (97.1, 97.4)
<20 8.8 (3.9, 14.7) 97.2 (96.6, 97.7) 8.5 (3.8, 14.2) 97.3 (97.1, 97.4)
<40 6.9 (2.9, 12.7) 97.2 (96.6, 97.7) 6.8 (2.7, 12.0) 97.2 (97.1, 97.4)
<60 5.8 (1.9, 10.8) 97.2 (96.7, 97.8) 5.9 (1.9, 11.0) 97.2 (97.1, 97.3)
<80 1.9 (0.0, 4.9) 99.6 (99.4, 99.8) 11.8 (0.0, 30.8) 97.1 (971, 97.2)
<99 0.9 (0.0, 2.9) 99.9 (99.9, 100.0) 50.0 (0.0, 100.8) 97.1 (97.1,97.2)
Medical officer 0.05 (0.03, 0.08),
(n=218) chance=0.05
<5 18.2 (0.0, 45.5) 82.6 (77.8, 87.9) 5.0 (0, 12.2) 94.9 (93.8, 96.5)
<20 18.2 (0.0, 45.5) 85.9 (81.2, 90.3) 6.1 (0, 14.8) 95.1 (94.1, 96.7)
<40 18.2 (0.0, 45.5) 88.9 (84.5, 92.8) 7.7 (0, 18.7) 95.3 (94.2, 96.8)
<60 9.1 (0.0, 27.3) 93.7 (90.3, 96.6) 6.7 (0, 23.1) 95.1 (94.5, 96.1)
<80 0.0 (0.0, 0.0) 97.6 (95.2, 99.5) 0.0 (0.0, 0.0) 94.8 (94.7, 94.9)
<99 0.0 (0.0, 0.0) 100 (100, 100) - 94.9 (94.9, 94.9)

*There was one respondent who estimated that the discharged child was at risk of hospital readmission but did not assign a proportion.

disease (10.1%, n=186), and malaria (7.2%, n=133)
were most common.

There were 187 (4.8%) patients readmitted and
120 (3.1%) died within 60 days of discharge. There
were 80 (3.6%) neonates who were readmitted and
61 (2.8%) died within 60 days of hospital discharge.
Among infants and children, 107 (6.2%) were read-
mitted and 59 (3.4%) died after hospital discharge.
The median time from hospital discharge to read-
mission was 30 days (IQR: 7-45). The median time

from hospital discharge to mortality was 30 days (IQR
14-45).

Clinician impression and hospital readmission

Nearly three quarters of patients were perceived to have
0% risk of readmission within 60 days (table 2). Patients
who were readmitted were more likely to have a perceived
risk of readmission of 0% than those who were not read-
mitted (81% vs 72%, p<0.001; table 2). Among the 187
neonates and young children who were readmitted,
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Table 6 Reasons for perceived risk of hospital readmission and postdischarge mortality

Clinician cited reason for

No hospital readmission, Hospital

outcome n (%) readmission, n (%) OR (95% CI) P value
No risk 2584 (69.7) 148 (79.1) Referent -
Clinician perceived inability to 11 (0.3) 3(1.6) 4.76 (1.31, 17.25) 0.02
pay for treatment

Clinician perceived social 70 (1.9) 3(1.6) 0.75 (0.23, 2.41) 0.63
concerns

Clinician perceived progression 754 (20.3) 29 (15.5) 0.67 (0.45, 1.01) 0.05

of illness

Other* 290 (7.8) 4 (2.1) 0.24 (0.09, 0.66) 0.005
Clinician cited reason for Did not die within 60 Died within 60 days,

outcome days, n (%) n (%) OR (95% CI) P value
No risk 2652 (70.2) 80 (66.7) Referent -
Clinician perceived inability to 12 (0.3) 2(1.7) 5.53 (1.22, 25.10) 0.03
pay for treatment

Clinician perceived social 72 (1.9) 1(0.8) 0.46 (0.06, 3.36) 0.44
concerns

Clinician perceived progression 754 (20.0) 29 (24.2) 1.28 (0.83, 1.97) 0.27

of illness

Other* 286 (7.6) 8(6.7) 0.93 (0.44, 1.94) 0.84

*Included concerns about caregiver understanding, general clinician impression and patient with history of recurrent iliness.

80.7% (n=151) were perceived to have 0% risk of read-
mission.

Opverall, clinician impression had poor precision in
identifying neonates and young children at risk of read-
mission (AUPRC: 0.06, 95% CI: 0.04 to 0.08) (table 3).
Among medical officers, clinician impression had greater
precision in identifying children at risk of readmission
(AUPRC: 0.23, 95%CI: 0.17 to 0.34); this group was
marginally better at identifying patients at risk of readmis-
sion than interns/residents and consultants/specialists.

By clinician type, medical officer clinician impres-
sion had poor precision in identifying neonates (online
supplemental table 1) but greater precision when identi-
fying infants and children at risk for readmission (online
supplemental table 2). In site-specific analyses, clinician
impression was imprecise when identifying neonates
and young children at risk of readmission in Tanzania
(AUPRC: 0.11, 95% CI: 0.07 to 0.15, chance: 0.07) and
Liberia (AUPRC: 0.03, 95% CI: 0.02 to 0.04, chance:
0.02). Regardless of the time from hospital discharge to
readmission, clinician impression had poor precision in
identifying neonates and young children at risk for read-
mission (online supplemental table 3).

Clinician impression and postdischarge mortality

Most (96.1%, n=3746) patients were assigned 0% risk
of postdischarge mortality (table 4). Patients who died
within 60 days of discharge were more likely to have a
perceived risk of 0% than patients who survived (96%
vs 90.8%, p=0.002; table 4). Among the 120 neonates
and young children who died within 60 days of hospital

discharge, 90.8% (n=109) were estimated to have a 0%
probability of postdischarge mortality.

Opverall, clinician impression had poor precision in
identifying neonates and young children at risk for post-
discharge mortality (AUPRC: 0.05, 95% CI: 0.03 to 0.08)
and did not vary substantially among interns/residents,
specialist/consultants or medical officers (table 5).
Clinician impression had poor precision in identifying
postdischarge mortality among neonates (AUPRC: 0.04,
95% CI: 0.03 to 0.06, chance: 0.03) and infants and chil-
dren (AUPRC: 0.06, 95 % CI: 0.03 to 0.10, chance: 0.03).
When analysed by site, clinician impression in both
Tanzania (AUPRC: 0.08, 95% CI: 0.03 to 0.13, chance:
0.03) and Liberia (AUPRC: 0.04, 95% CI: 0.03 to 0.06,
chance: 0.04) had poor precision in identifying neonates
and young children at risk of postdischarge mortality.
Clinician impression had poor precision regardless of
the time to postdischarge mortality (online supplemental
table 4).

Reason for perceived risk of hospital readmission and
postdischarge mortality

Patients for whom clinicians attributed inability to pay for
treatment as the reason for readmission had 4.76 times
the odds readmission (95%CI: 1.31 to 17.25, p=0.02)
compared with those with no perceived risk (table 6).
Patients whose clinician cited ‘other’ reasons to be at
risk had lower odds of readmission compared with those
whose clinician did not believe they were at risk for
readmission (OR: 0.24, 95% CI: 0.09 to 0.66, p=0.005).
Patients for whom clinicians attributed inability to pay
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Table 7 Multivariable regression model for all-cause 60-day hospital readmission and postdischarge mortality among young
children discharged in Dar es Salaam, Tanzania and Monrovia, Liberia

No hospital Hospital
readmission, n (%), readmission, n (%), Adjusted OR (95% ClI),
Characteristics n=3709 n=187 n=3426 P value
Perceived risk
0% 2687 (72%) 151 (81%) Referent -
1%—-20% 44 (1.2%) 3 (1.6%) 0.96 (0.23, 2.77) 0.95
21%-60% 743 (20%) 19 (10%) 0.45 (0.26, 0.74) 0.003
61%-99% 234 (6.3%) 14 (7.5%) 1.08 (0.57, 1.90) 0.79
Discharge provider type
Intern/resident 3341 (90%) 161 (86%) Referent -
Specialist or consultant 169 (4.6%) 6 (3.2%) 0.78 (0.30, 1.65) 0.55
Medical officer 198 (5.3%) 20 (11%) 2.07 (1.21, 3.39) 0.01
Patient age at discharge, months 1(0, 10) 3(1,11) 1.00 (0.98, 1.01) 0.45
Discharge diagnosis
Non-infectious 1492 (40%) 87 (47%) Referent -
Infectious 2217 (60%) 100 (53%) 0.86 (0.62, 1.19) 0.35
Duration of hospitalisation, days 7 (3,13) 8 (3, 16) 1.002 (1.0001, 1.005) 0.04
Did not die within 60 Died within 60 days, Adjusted OR (95% ClI),
Characteristics days, n (%), n=3776  n (%), n=120 n=3426 P value
Perceived risk
0% 3637 (96%) 109 (91%) Referent -
1%—-20% 17 (0.5%) 2 (1.7%) 2.95 (0.44,11.8) 0.18
21%-60% 101 (2.7%) 7 (5.8%) 1.92 (0.73, 4.20) 0.14
61%-99% 21 (0.6%) 2 (1.7%) 2.94 (0.46, 10.4) 0.15
Discharge provider type
Intern/resident 3400 (90%) 102 (85%) Referent -
Specialist or consultant 168 (4.5%) 7 (5.8%) 1.53 (0.63, 3.15) 0.29
Medical officer 207 (5.5%) 11 (9.2%) 1.76 (0.82, 3.45) 0.12
Patient age at discharge, months 1(0, 11) 1(0,7) 0.99 (0.97, 1.00) 0.13
Discharge diagnosis
Non-infectious 1531 (41%) 48 (40%) Referent -
Infectious 2245 (59%) 72 (60%) 0.95 (0.64, 1.42) 0.80
Duration of hospitalisation, days 7 (3,13) 8 (3, 14) 1.00 (0.99, 1.00) 0.88

for treatment as the reason for potential postdischarge
mortality had 5.53 times the odds of postdischarge
mortality (95% CI 1.22 to 25.10, p=0.03).

In multivariable analyses, patients whom clinicians esti-
mated to be at moderate risk for hospital readmission (ie,
21%-60%) were at decreased odds of hospital readmis-
sion (adjusted OR: 0.45, 95% CI: 0.26 to 0.74, p=0.003)
(table 7). No other factors were independently associ-
ated with either hospital readmission or postdischarge
mortality.

DISCUSSION
Among nearly 3900 neonates and young children
discharged from referral hospitals in Dar es Salaam,

Tanzania and Monrovia, Liberia, clinician impres-
sion had poor precision for identifying those at risk of
unplanned hospital readmissions and postdischarge
mortality. Medical officer clinician impression at both
sites had slightly greater precision in identifying young
children at risk of readmission. Clinician perception of
inability to pay for treatment was associated with readmis-
sion and postdischarge mortality.

The poor precision of clinician impression in identi-
fying neonates and young children at risk of readmis-
sion and postdischarge mortality differs from findings in
studies in high-income settings that assessed the diagnosis
of acute coronary syndrome and sinusitis in adults,'® ' the

20

presence of pneumonia™ or the development of severe
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pneumonia among children'® or the presence of appen-
dicitis among children.?' This difference is likely multifac-
torial in nature and may consist of differences in available
diagnostic and prognostic resources. Prior studies suggest
that laboratory capabilities in resource-limited settings
are inadequate,”** leading to dependence on clinical
examination findings to make diagnoses and determine
prognosis,” which may hinder the accuracy of clinician
impression to identify neonates and young children at
risk of untoward postdischarge outcomes. Moreover,
clinicians may not consider key factors in the home (eg,
access to healthcare facilities and maternal health) that
may contribute to postdischarge outcomes. Additionally,
clinician impression had poor precision in identifying
neonates and young children at risk for readmission
or postdischarge mortality regardless of the time from
discharge to either event. Prior studies of clinician
impression assessed outcomes within hours or days'* '*'?
and not up to 60 days, which may contribute to the differ-
ence in our results compared with prior studies assessing
clinician impression in prognostication of outcomes.

Clinician impression among medical officers had fair
precision in identifying young children at risk of read-
mission. This may be due to the combination of more
clinical experience than interns/residents and more
time spent with patients than consultants/specialists who
often spend less time directly with patients and more time
supervising clinical care. Prior studies conducted in high-
income settings demonstrate that clinician impression of
less experienced clinicians may have less discriminatory
value than that of more experienced clinicians.'®

linical prediction rules for postdischarge mortality have
been developed among young children aged 6 months-5
years in Uganda and aged <15 years in Mozambique.®*
These clinical prediction rules include variables such as
clinical diagnoses and anthropometry to assign weighted
points to included variables to assess an individual
patient’s risk for postdischarge mortality up to 6 months
after discharge. However, none of these have focused
specifically on neonates and none have been externally
validated, which is a necessary step to assess discrimina-
tory value prior to clinical use. Thus, the current state
of prognostic determination for young children after
discharge in sub-Saharan Africa depends on clinician
impression and, given its poor precision demonstrated
in our study, validated clinical prediction rules to iden-
tify neonates and young children at risk of postdischarge
mortality are urgently needed. Such clinical decision aids
should include commonly collected variables and may
include biomarkers to add precision to risk stratification
to identify neonates and young children at risk of postdis-
charge morbidity and mortality.***®

Our examination of reasons for estimated outcomes
suggested that clinician perception of inability to pay for
future treatment was associated with higher risk of read-
mission and postdischarge mortality. Young children from
lower socioeconomic status have poorer overall health
outcomes compared with young children from higher

. . . . 9931
socioeconomic households in sub-Saharan Africa.?

This is particularly relevant in the postdischarge period
during which the financial burden of care seeking may
influence the ability for a family to seek additional clin-
ical care after a potentially costly hospital admission.

Limitations

Clinician impression is multifactorial and depends on
clinical training as well as available laboratory, radio-
logical and clinical data that may not have been avail-
able to all discharging clinicians. We did not assess the
availability of these in our analysis. We did not include
nurses or clinical officers in our study, which is a limita-
tion as these groups may have good insight into potential
adverse outcomes after discharge. We could not account
for the potential role that variations in the quality of clin-
ical care provided to patients may have had in readmis-
sions or postdischarge mortality.

CONCLUSIONS

Clinician impression had poor precision in identifying
neonates and young children atrisk of unplanned hospital
readmission and postdischarge mortality at two referral
hospitals in Dar es Salaam, Tanzania and Monrovia,
Liberia. Validated and objective clinical decision aids to
assist clinicians in the identification of young children at
risk of readmission and postdischarge mortality may facil-
itate the identification of those at greatest risk.
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