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Excess child mortality after discharge from hospital in Kilifi,
Kenya: a retrospective cohort analysis
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Objective To explore excess paediatric mortality after discharge from Kilifi District Hospital, Kenya, and its duration and risk factors.
Methods Hospital and demographic data were used to describe post-discharge mortality and survival probability in children aged < 15
years, by age group and clinical syndrome. Cox regression models were developed to identify risk factors.

Findings In 2004—2008, approximately 111000 children were followed for 555000 person—years. We analysed 14971 discharges
and 535 deaths occurring within 365 days of discharge. Mortality was higher in the post-discharge cohort than in the community
cohort (age-adjusted rate ratio, RR: 7.7; 95% confidence interval, Cl: 6.6—8.9) and declined little over time. An increased post-discharge
mortality hazard was found in children aged <5 years with the following: weight-for-age Z score < —4 (hazard ratio, HR: 6.5); weight-
for-age Zscore >—4 but <—3 (HR:3.4); hypoxia (HR: 2.3); bacteraemia (HR: 1.8); hepatomegaly (HR:2.3); jaundice (HR:1.8); hospital
stay > 13 days (HR:1.8). Older age was protective (reference <1 month): 6-23 months, HR:0.8; 2—4 years, HR:0.6. Children with at
least one risk factor accounted for 545 (33%) of the 1655 annual discharges and for 39 (47%) of the 83 discharge-associated deaths.
Conclusion Hospital admission selects vulnerable children with a sustained increased risk of dying. The risk factors identified provide

an empiric basis for effective outpatient follow-up.

Abstracts in 4 5=, 32, Frangais, Pycckuit and Espaiiol at the end of each article.

Introduction

The Integrated Management of Childhood Illness (IMCI)
programme and inpatient guidelines of the World Health
Organization (WHO) aim to standardize and improve the
care of critically ill children at health facilities across Africa.!™
While the IMCI may reduce in-hospital child mortality, its
recommendations for the prevention and management of illness
following discharge are based on limited evidence from the field
and are rarely implemented. Several studies from developing
countries have shown that children admitted to hospital and
discharged alive are at increased risk of death for 12 months
following discharge when compared with similar children in the
community. Furthermore, malnutrition, anaemia, hypoxaemia,
longer hospitalization and discharge against medical advice
exacerbate this risk.*'* Additional data are needed to guide the
development of strategies for effective follow-up care that will
reduce post-discharge mortality.

In Kilifi district, Kenya, infant and child mortality have
dropped sharply in recent years, yet only one third of child
deaths occur in hospital and access to hospital care for severely
ill children is poor."” Previous data suggest that children who are
discharged from hospital have a higher risk of dying during the
12-month period following discharge than comparable children
in the community and that diarrhoea is a significant predic-
tor of excess mortality.” In this study we sought to determine
whether hospital admission could be characterized as an acute
event with an impact on short-term mortality or as a marker of
chronic frailty associated with an increased risk of dying over
the longer term. We analysed 5 years of linked demographic
and paediatric hospital surveillance data in a rolling cohort of

approximately 111000 children aged less than 15 years at any
one time, with detailed clinical and laboratory information avail-
able for all admissions. To guide hospital discharge policies and
focus outpatient follow-up on high-risk groups, we estimated the
burden and duration of excess mortality associated with hospital
discharge and identified demographic and clinical risk factors
for death in the post-discharge period.

Methods

This study was conducted in Kilifi district, a poor, rural area on
the Indian Ocean coast of Kenya. The KEMRI/Wellcome Trust
Research Programme has conducted laboratory, clinical and
epidemiologic research in Kilifi for two decades. Kilifi District
Hospital (KDH) in Kilifi town provides primary care and inpa-
tient referral services for the entire district, following national
and WHO management guidelines. The Kilifi Health and De-
mographic Surveillance Study (KHDSS) collects information
on births, deaths and migrations in a population of 240 000
people residing in an 891 km? area around KDH. Beginning in
April 2002, all patients hospitalized in the paediatric ward or
paediatric high-dependency unit at the KDH had their hospital
records, including standard clinical and laboratory data, linked to
their demographic records with a unique personal identifier. The
linked hospital and demographic databases enable us to monitor
life events after hospital discharge for residents of the Health and
Demographic Surveillance Study (HDSS) area.

This analysis included all children < 15 years of age who were
residents of the KHDSS area at some point in 2004-2008. We
included discharges from 1 January 2003 onwards with follow-
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up time left truncated at 1 January 2004
to obtain information on post-discharge
status for children who resided in the
area in 2003 and were followed into
2004. In a single-discharge analysis, we
considered only the first discharge ob-
served for each child. Children entered
the community cohort at the latest of
birth, in-migration or 1 January 2004, and
they exited at the earliest of death, out-
migration, first discharge from hospital
or 31 December 2008. Children entered
the post-discharge cohort at the latest of
first discharge from hospital or 1 January
2004 and exited at the earliest of death,
out-migration, 365-days post-discharge
or 31 December 2008. We also performed
amultiple-discharge analysis in which we
created duplicate records to allow chil-
dren who were admitted to hospital more
than once to contribute person—time (and
deaths) to several post-discharge periods
simultancously. Entry and exit criteria
for the post-discharge and community
cohorts were analogous to those applied
in the single-discharge model.

We compared mortality rates in the
community and post-discharge cohorts
and calculated crude and age-adjusted
mortality rate ratios (RRs). We included
a continuous term for post-discharge
category to test for trends in mortality
RR over the post-discharge period. To
estimate the rate and proportion of deaths
associated with hospital discharge in the
post-discharge cohort and for the entire
population, we used a standardized mor-
tality approach in which we compared
the observed number of deaths in the
post-discharge cohort with the number
of deaths expected from age-specific com-
munity mortality rates.

We constructed Kaplan—Meier sur-
vival curves and built two proportional
hazards models to identify predictors
of mortality in discharged children. In
Model A we examined the effects of
age, calendar time, number of previous
discharges, travel time to hospital'* and
clinical signs and symptoms at admission;
in Model B we examined the effects of the
following hierarchical, mutually exclusive
syndromes: sick young infant, meningitis/
encephalopathy, severe malnutrition, very
severe pneumonia, severe pneumonia,
mild pneumonia and “other”.” In the
multiple-discharge analysis we used a
spatial bootstrap method with 100 rep-
etitions to account for intra-subject cor-
relation. For this we randomly selected 40
sublocations (with replacement) and es-
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timated the regression models on all data
from these sublocations. We developed
multivariable models by grouping vari-
ables by syndrome, adjusting for age and
nutritional status to select those entering
the final model (p-value < 0.10), and then
removing the non-significant variables
(P>0.05) inabackward stepwise fashion.

For cach clinical variable remaining
in the final model we calculated the num-
ber needed to treat (NNT) by dividing
the number of children discharged with
a given characteristic by the number of
discharge-associated deaths among these
children.

Analyses were conducted in Stata
10.0 (StataCorp, College Station, United
States of America) and MS Excel (Micro-
soft, Redmond, USA).

This study was conducted in com-
pliance with the principles of the World
Medical Association Declaration of Hel-
sinki. Ethical approval was obtained from
the Kenya Medical Research Institute
Ethical Review Committee.

Results
Our data set included 199598 children

under follow-up at some point between
1 January 2004 and 31 December 2008
for a total of 554 515 person—years or an
average of 2.8 years per child. The mean
number of children at any given time was
110903. During this period there were
2541 deaths (4.6/1000 child-years) and
12 894 hospitalizations (23.3/1000), and
10277 children were admitted to hospital
at least once: 8457 (82.3%) had one ad-
mission, 1336 (13.0%) two admissions
and 484 (4.7%) three or more admissions.
After removing children who died or were
censored in hospital, Demographic Sur-
veillance Study follow-up was available
for 12203 discharges from 2004 to 2008
and for an additional 2768 discharges
from 2003.

In the single-discharge analysis
(Table 1) we observed 2057 community
deaths and 343 post-discharge deaths;
141 deaths that occurred more than 365
days after the first discharge were dropped
from the analysis since they fell neither
into the community nor into the post-
discharge category. Cumulative mortality
risk within one year of discharge was 3.3%
(95% confidence interval, CI: 3.0-3.7).
Children in the post-discharge cohort
had substantially higher mortality rates
than those in the community cohort,
even after age adjustment. Though RRs

Jennifer C Moisi

decreased with increasing time since
discharge, mortality remained elevated
throughout the post-discharge period and
beyond (12-23 months post-discharge,
age-adjusted RR:3.8; 95% CI: 3.1-4.8).

The multiple-discharge analysis in-
cluded 2047 community deaths and 535
post-discharge deaths. Observations were
duplicated if they were linked to more
than one post-discharge period, thereby
leading to a larger number of deaths
and person—years than in the single-
discharge approach. A few observations
were dropped from the analysis because
of missing sublocation data. Cumulative
mortality risk within one year of dis-
charge was 4.5% (95% CI: 4.1-4.8). Fur-
ther detailed results are shown in Table 1.

For each age stratum we estimated
the expected number of deaths in the
post-discharge cohort based on the
background community mortality rate
using the multiple-discharge approach
(Table 2). In the post-discharge cohort
464 deaths (40 per 1000) were in excess
of those expected from community
rates; they represented 35% of deaths
in neonates and 89% in older children.
The population-attributable risk percent
for mortality associated with hospital
discharge was 0.8% in neonates and 27%
in older children.

In univariate proportional hazards
models (multiple-discharge approach),
mortality decreased with age (Fig. 1)
and calendar time (HR:0.91 per year;
P=0.02), increased with distance to hos-
pital (HR: 1.12 per % hour of vehicular
travel time) and number of previous dis-
charges (1 discharge, HR: 4.0; 2 discharg-
es, HR:9.5and > 3 discharges, HR: 32.4),
and was unaffected by sex or season. We
obtained unadjusted and age-, weight-
for-age Z scores and syndrome-adjusted
HRs for more than 40 clinical variables in
children less than S years of age (Table 3,
available at: http://www.who.int/bul-
letin/volumes/89/10/11-089235). Poor
nutritional status was associated with
an increased post-discharge mortality
risk, irrespective of the measure chosen
(Table 3 and Fig. 2). Finally, infection
with the human immunodeficiency virus
(HIV) was associated with mortality in
the crude (HR:3.3; P<0.01) and age-
adjusted (HR:3.2; P < 0.01) models, but
this association disappeared after adjust-
ment for weight-for-age Z score (HR: 2.2;
P=0.19).

The final Cox model for children
0-59 months of age included parasi-
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Table 1. Single-discharge and multiple-discharge analysis: mortality rates and rate ratios (RRs) for community and post-discharge
cohort of children <15 years of age in Kilifi Demographic Surveillance Study area, Kenya, 2004-2008

Cohort Post- Deaths  Person-years of  Rate Crude 95% Cl Adjusted 95% Cl
discharge observation RR RR
period (x107)
Single-discharge
Community cohort - 2057 524.04 3.9 1.0 - 1.0 -
Post-discharge cohort 0-14d 72 0.35 204.5 52.1 41.2-65.9 6.2 49-7.9
15-30d 3B 0.40 82.3 21.0 14.9-29.6 49 3.4-6.9
1-2mo 82 1.52 54.0 13.8 11.0-17.2 7.9 6.4-9.9
3-5mo 75 2.28 32.9 8.4 6.7-10.6 5.6 4.5-71
6-11 mo 81 4.47 18.1 4.6 3.7-5.8 43 3.4-54
0-11 mo 343 9.02 38.0 9.7 8.6-10.9 5.6 5.0-6.3
Multiple discharge
Community cohort - 2047 522.44 3.9 1.0 - 1.0 -
Post-discharge cohort 0-14d 93 0.46 202.7 Bl.7 38.7-69.3 8.0 6.1-10.4
15-30d 51 0.52 97.7 24.9 18.2-34.2 7.2 5.7-9.1
1-2mo 135 1.97 68.5 17.5 13.9-22.0 1.2 8.8-14.4
3-5mo 127 2.94 43.2 11.0 9.1-13.3 8.2 6.6-10.2
6-11 mo 129 5.70 22.6 5.8 4.5-7.4 5.7 43-7.5
0-11 mo 535 11.59 46.1 11.8 9.5-14.6 7.7 6.6-8.9

Cl, confidence interval.

Note: Analysis based on 199598 children < 15 years of age observed for 554 515 person—years between 1 January 2004 and 31 December 2008. Adjustment for
age in the following categories: <1 month, 1-5 months, 6-11 months, 1 year, 2 years, 3 years, 4 years, and 5—14 years old.

Table 2. Deaths associated with hospital discharge for children <15 years of age in Kilifi Demographic Surveillance Study area,

Kenya, 2004-2008

Age No. of observed No. of expected No. of excess AR (%) PAR (%)
deaths deaths deaths
<1mo 22 14.4 7.6 34.5 0.8
1-5mo 107 12.0 95.0 88.8 26.6
6-11 mo 107 15.8 91.2 85.2 321
1y 111 17.5 93.5 84.2 29.3
2y 51 6.9 441 86.5 24.2
3y 26 2.4 23.6 90.8 23.9
4y 23 1.0 22.0 95.8 30.2
5-14y 88 1.6 86.4 98.2 23.4
Total 535 7.5 463.5 86.6 18.0

AR, attributable risk; PAR, populaton-attributable risk.

Fig. 1. Kaplan-Meier graphs for survival in children recently discharged from Kilifi

District Hospital, by age at discharge, Kenya, 2004-2008
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tacmia as a protective factor and young
age, severe underweight, hypoxia, bac-
teraemia, jaundice, hepatomegaly, hos-
pitalization > 13 days and number of
previous discharges as risk factors for
post-discharge mortality ( Table 4). In the
model investigating survival by disease
syndrome, severe malnutrition was associ-
ated with the highest mortality, followed
by very severe pneumonia, sick young
infant, meningitis and mild or severe
pneumonia compared with having none
of these syndromes (Table 4).

In the NNT analysis, we found that
one death could be identified by targeting
16 children or fewer with the following
characteristics: weight-for-age Z score
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<—4 (NNT:6.1); hospitalization > 13
days (NNT:7.8); hypoxia (NNT:11.5),
bacteracmia (NNT: 12.6), hepatomegaly
(NNT:13.1), weight-for-age Z score
>—4 but < -3 (NNT:13.6) or jaundice
(NNT:16.2). An intervention focused on
patients meeting one or more of these cri-
teria would target approximately 545 chil-

dren peryear (33% of discharged patients)
and 39 expected deaths (NNT: 13.9,47%
of discharge-associated deaths), whereas
a programme focusing on severely under-
weight children alone would target 220
children per year (13% of discharged pa-
tients) and 24 potential deaths (NNT:9.1,
29% of discharge-associated deaths).

Fig. 2. Kaplan—Meier graphs for survival in children recently discharged from Kilifi
District Hospital, by weight-for-age Z score (WAZ) on admission, Kenya,

2004-2008

1.004

0.954

0.90+

0.85+

Survival rate

-------- -4 <WAZ < -3

0.80+

0.75

I
200 300 400

Time in days

Table 4. Multivariable Cox models A and B: hazard ratios (HRs) for mortality in
children <5 years of age recently discharged from Kilifi District Hospital,

2004-2008, Kenya

HR 95% Cl
Model A: by demographic and clinical
characteristics
Age 1-5 mo 1.34 0.93-1.92
Age 6-11 mo 0.82 0.57-1.18
Age 2-5y 0.57 0.36-0.90
WAZ <-3 3.42 2.50-4.68
WAZ <-4 6158 4.85-8.80
Parasitaemia 0.45 0.29-0.71
Hypoxia 2.30 1.64-3.23
Bacteraemia 1.77 1.15-2.74
Jaundice 1.77 1.08-2.91
Hepatomegaly 2.34 1.60-3.42
Hospitalization >13 d 1.83 1.33-2.52
1 prior discharge? 2.83 2.04-3.92
2 prior discharges? 7.06 4.09-12.21
>3 prior discharges? 23.55 10.70-51.84
Model B: by disease syndrome®
Mild pneumonia 2.30 1.00-5.28
Severe pneumonia 1.37 1.05-1.79
Very severe pneumonia 4.09 2.25-7.46
Severe malnutrition 4.37 2.73-7.01
Meningitis 2.29 1.57-3.32
Sick young infant 2.67 1.98-3.58

Cl, confidence interval; WAZ, weight-for-age Z score.

2 Prior discharge occurring within 1 year of index discharge.
® This analysis was not adjusted for age at discharge because one of the syndromic groups is defined by

age criteria.
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Discussion

This is the largest study to date to inves-
tigate child mortality after hospital dis-
charge in a developing country setting.
It also presents the most comprehensive
analysis of the risk factors for post-dis-
charge mortality. We included 200000
children who were followed for a period
of 555000 child-years during which
they experienced more than 15000 hos-
pital discharges and 353 post-discharge
deaths. The study had sufficient statistical
power to estimate the increased risk of
mortality during the 12 months follow-
ing discharge and to explore demograph-
ic and clinical predictors of mortality in
the post-discharge group. We found that
child mortality was more than sevenfold
higher among post-discharge children
than among similarly-aged children in
the community and that 4.5% of chil-
dren who are discharged from hospital
die within the subsequent year. Young
age, poor nutritional status, hypoxia,
bacteraemia, enlarged liver, jaundice,
extended hospitalization and number of
previous discharges were associated with
increased mortality, whereas malaria
parasitaemia was predictive of relatively
decreased mortality.

The single- and multiple-discharge
approaches yielded similar results, with
slightly higher mortality seen in the
multiple-discharge model. The single-
discharge model is simple to implement
and comprehend, but it assumes that the
first discharge observed in the KDHSS
was truly a child’s first discharge, and
this could lead to misclassification if
the child was hospitalized at another
hospital. Additionally, it excludes any
discharge that occurs after the initial
one and excludes all deaths after the first
post-discharge period. Since children
with multiple hospitalizations are likely
to be at highest risk of death, this will lead
to an underestimation of post-discharge
mortality. Despite the added complexity,
the multiple-discharge model has several
advantages. It avoids both of the problems
described above but also allows us to
investigate the contribution of previous
discharges to mortality risk after any given
discharge and to understand the relation-
ship between post-discharge mortality
and repeat admissions for chronic illness.
Finally, it sheds light on mortality risk
after “any” hospital discharge and is thus
more useful from a clinical and program-
matic perspective, as it does not require
knowledge of a patient’s discharge history.
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This last aspect is particularly relevant
in developing country settings, many of
which have not established longitudinal
follow-up of paediatric patients. Despite
the differences between these modelling
approaches, it is important to note that
the two analyses yielded comparable re-
sults and therefore produce similar epide-
miological and public health inferences.
In previous studies, age-adjusted
mortality RRs for post-discharge versus
community children ranged from 1.2 to
3.4%7 and decreased over the post-dis-
charge period; in contrast, we estimated
a rate ratio of 7.7 with little attenuation
over time, even when the post-discharge
period was extended for an additional
year. Furthermore, our study may have
underestimated the increased mortality
risk associated with hospital discharge
by potentially overestimating the baseline
mortality risk, as children discharged
from hospital before in-migration into
KHDSS or treated at hospitals other
than KDH while residents were classified
in the community cohort. The increase in
post-discharge mortality associated with
hypoxaemia on admission was similar to
that observed in the Gambia.® Moderate
and severe malnutrition produced stark
reductions in post-discharge survival,
as seen in Bangladesh.” Unlike previous
studies, ours did not support a relation-
ship between severe anaemia,' diar-
rhoea® or absconding from hospital” and
mortality in the post-discharge cohort.
Nevertheless, diarrhoea was signifi-
cantly associated with mortality before
adjustment for malnutrition, which sug-
gests that the effect observed elsewhere
may have been due to confounding by
nutritional status. This observation is
consistent with earlier findings from
Kilifi indicating that in the absence of
malnutrition, diarrhoeal disease is an
acute illness that resolves rapidly and
has a good prognosis.'® Finally, we iden-
tified previously unknown risk factors
for post-discharge mortality, including
bacteracmia, hepatomegaly, jaundice and
repeated or prolonged hospitalization.
Some of the differences among
studies may reflect true variations in
epidemiology across populations or over
time. Most of the studies cited here were
conducted in the 1990s. Since then major
changes in malaria epidemiology have oc-
curred in Kilifi District,'”'* HIV infection
has emerged as an important underlying
cause of childhood illness, and socioeco-
nomic conditions have improved. These
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factors are likely to change patterns of
disease, hospitalization and mortality.
For example, higher hospital utilization
among chronically ill children would
lead to higher relative mortality among
discharged versus community children.
In addition to true epidemiological dif-
ferences, our findings may also reflect
methodological differences among stud-
ies: the large sample size available and the
breadth of clinical variables collected on
admission to KDH allowed us to conduct
a more detailed analysis compared with
earlier research.

Routine HIV testing on admission
was incorporated into clinical case man-
agement in KDH in late 2006. We found
a significant relationship between HIV
positivity and post-discharge survival in
crude and age-adjusted models for 2007—
2008, but the association disappeared
after controlling for nutritional status,
possibly owing to insufficient statistical
power. Alternately, this finding may reveal
atrue lack of association between positiv-
ity for HIV antibodies — which has lim-
ited specificity for HIV infection in young
infants — and mortality, in the absence of
wasting. HIV infection prevalence was
2% in well nourished children versus 14%
in severely malnourished children. We
therefore suspect that the observed effect
of malnutrition on mortality is partly
explained by an overlap between severe
underweight and HIV infection (due to
high rates of diarrhoea in HIV-positive
children), although malnutrition affects
mortality independently as well. Addi-
tional data are needed to disentangle the
independent effects of HIV infection and
malnutrition in the post-discharge period.
While the protective effect of malaria
parasitaemia may seem paradoxical on
first inspection, it suggests that children
who are admitted to hospital with mild
malaria recover quickly and have a lower
mortality risk than discharged children
who were hospitalized with more severe
illness. In contrast, when compared with
children in the community, children
admitted with malaria parasitacmia have
a higher mortality risk.

The high and sustained increase in
mortality rates after discharge indicates
that hospitalization is seldom merely the
expression of an acute disease episode
with a short-term impact on mortality
risk. Rather, it is often the manifestation
of underlying frailty, with many hospital-
ized children having chronic illnesses such
as malnutrition, HIV infection or sickle
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cell anaemia. Hospital admission is there-
fore an opportunity to identify a group of
children at higher risk of death than their
peers and to select them for inclusion in
targeted health interventions. Owing to
significant improvements in malaria treat-
ment and control measures and in access
to existing and new vaccines, childhood
mortality is declining widely in Africa.”
The deaths that remain are harder to
identify and harder to prevent; vulner-
able children with chronic illness who
seck care at district hospitals represent
a pragmatic target group for mortality
prevention measures.

At a population level the potential
impact of post-discharge follow-up in-
terventions on child mortality is limited
by poor access to hospital care in the
study area, which reduces the opportu-
nity to identify high-risk children. This
is reflected in the relatively low popula-
tion attributable risk of 27% (after the
neonatal period). Nevertheless, targeting
approximately 545 children aged under 5
peryear in the KHDSS area would enable
us to manage a high-risk group in whom
we currently observe approximately 40
deaths per year, which represents 8%
of annual resident deaths and 47% of
the post-discharge deaths in this age
group. This rests on the assumption that
interventions are available to provide
appropriate counselling and care to the
families of high-risk children. For severely
malnourished children these may include
complementary feeding, micronutrient
supplementation, targeted antibiotic
prophylaxis and socio-educational strat-
egies to improve nutrition.”” Among
children with HIV infection, antiretro-
viral treatment is now widely available
and antibiotic prophylaxis has a proven
role in reducing mortality;*"** both were
in limited use in Kilifi during the study
period. The outcome for patients with
sickle cell anaemia could be improved
with penicillin and malaria prophylaxis
and with parental education for the iden-
tification of severe symptoms and malarial
crises.” Even if such interventions have
an aggregate cffectiveness of 50%, the
number of preventable deaths, 20 per year
(24% of post-discharge deaths), suggests
that targeting the segment of the popula-
tion in which a large fraction of deaths is
associated with hospital discharge might
prove cost-effective.

This study highlights the value
of linking hospital admission and de-
mographic surveillance data to enable
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follow-up of sick children after their
discharge from hospital. These children
bear a substantially higher risk of death
than their peers in the community
throughout the post-discharge period and
targeting a subset of them with effective
outpatient interventions could prevent a
significant proportion of child mortality
in the KHDSS area. In particular, severely
underweight children sustain the great-
est increase in mortality risk and should
constitute the primary target group.

Acknowledgements

The authors thank the DSS field workers
and Kilifi District Hospital clinical team
for their involvement in data collection
and the KEMRI/Wellcome Trust ICT
staff for their diligent work on data entry
and data management. This study is pub-

lished with the permission of the director
of KEMRI.

Funding: This work was supported by the
Wellcome Trust (UK). JAGS (grant num-

Jennifer C Moisi

ber 081835), JAB (083579) and TNW
(076934) are supported by research fel-
lowships from the Wellcome Trust. The
authors declare that they had full control
over all primary data and did not enter
into any agreement with the study spon-
sor that may have limited their ability to
complete the research as planned.

Competing interests: None declared.

salse

ozl 351 Jalod LiS § GRS Ghdkis (o p42 55 dsy JUbYT Gldg 8L

2 5,29 €65 hal dd) -4 e BT el s O35l Z 50 1
i (3.4 sl deud) -3 o ST 3SUg -4 (e ST asdl el O350
ASI dolsed £(1.8 sl ) el 03,25 €(2.3 sl ds) ST
38Y Ghdaud) @ <l (1.8 bl dus) OB (2.3 ksl dow)
BT sz L) $Bs 535 sl 58U ISy (1. 8 sl dows) Legy 13
sl dewd «Olgiw 4-2 0.8 :yas) M(I).g_u 23-6 (=g Had o
S>3 JaY L,l;/dpb s Jele Mﬁv\J REsY! JLeb}fl S &lgg .0.6
1655 eaddsy byt 420,58 &2 doe (33%) Mab 545 gz ;53
S Sldgll e (47%) 85 39 JLLYI sV3e ou Oldsll sas gzl
B389 83 ladusy Ladtull (e gu sl Chas))

iy slais] saaily elamall JUbYI ity Ghdcubl pdsll gl
bsyo0 Lolul daiasSt) lamsVl Jolss asis Slgl) (o=l yeiuns
GAtub] (o 040,55 S 90yel) Dld] dsylzal)

dmblio Ghddue (o 420,58 sy JUBYI Olds 8oL g0 (2y&)
Loylhazs] Jolgeg ey LS § ALLS

oy délegenl Olhaslly Laddwd! Oldase Coodswl dds yhall
G Bl a8 clidl Jlotmly Ghiad) pa gyl I L3
ASdSY) dapdlably s yas] dzall B8y i 15 yae (o JBT JlabY)
ol Jalge was) Cox (uSeS Bgad g3l Sasly

gl Jib 111000 Jls> dmlie y> 2008-2004 3341 § Glogzshl
NPSELIN Wb 14971 (iUl dlog . Slsiadl ells § 9,8 555000
CSy i) e s e Ley 365 MM Cdus 8leg 535 ¢
oo DY § L Ghamadl 5o lyz,5T ool QLY G el L3l
6.6 :95% L)l dLoliy 7.7 imieakl Hasdl Jase deud) gaioedl il
Bl s § B3L) sy gl 13, e Sl Bl Cmmrl3s (8.9
b pauls Olsiw 5 yee o ST JALYI & Ghdsudl oo guysadl asy

HE
BERIEMNFILEHREETRTE:
BH 5 AEFENE R AKX E I 55 LE R
TR R AR At E fr R &
FiE B O B R R 3 DL 4 AR RE IR 2K
BISYUTILEHREN AT R FEER, CoxE IR
FR o A B &
LR 2004220084 [, #ATXHA1110004 LEH#AT
7555000 A 4F iyt B E, RATAM T 1497 16 H iz
B, HP535B T K AEEEKEICSRN, SHEA
%%‘#att, BB e ABNATERE (FRAEEL: 77
95%E 5 X : 6.6-8.9) , HF HF# btIa W HHusH
TF% A T® %‘%%EELE’&M NT5E B LE H BTN

— I 1 B A S 43 47

P“ﬁﬂ f?ﬁkﬁiﬁzﬂzéﬁ 4 tht 65) ?ﬁ"ﬁiﬁ

;W E (RWH:. 18) ; H%HW( (RF“H:. 23) %
B (A 1.8) ; ERATISK (AREE: 1.8) .

FRBRAKEARFNE GE<IMA) @ 6231 H, A
th: 08; 2-4%, RAi&th: 06, ZPEH—TFRNGHEZ
B LE & Z 16550 H iR 7l 33% (54561 , &5
WA = By TR Bl 47% (39/83) .

St Rt 5L E A R e ST RS, BT S R
M%}%iyﬁxﬁm SRR Y 230 A,

Résumé

Surmortalité infantile aprés la sortie de ’hépital de Kilifi, au Kenya: une analyse de cohorte rétrospective

Objectif Explorer la surmortalité infantile apres la sortie de I'Hopital de
District de Kilifi, au Kenya, ainsi que sa durée et ses facteurs de risque.
Méthodes Des données médicales et démographiques ont été utilisées
pour décrire la mortalité suite a une sortie de I'ndpital et la probabilité
de survie parmi les enfants agés de moins de 15 ans, par groupe d'age
et par syndrome clinique. Des modeles de régression de Cox ont été
développés pour identifier les facteurs de risque.

Résultats Entre 2004 et 2008, environ 111000 enfants ont été suivis,
pour 555000 personnes-ans Nous avons analysé 14971 sorties et 535

730

déces survenus dans les 365 jours suivant la sortie. La mortalité était
plus élevée dans la cohorte ayant quitté I'hopital que dans la cohorte
communautaire (rapport du taux en fonction de I'age, RA: 7,7; intervalle de
confiance a 95%, IC: de 6,6 a 8,9) et n’a que peu décliné avec le temps.
Onaconstaté un risque de mortalité suite & la sortie de I'hOpital accru chez
les enfants &gés de moins de 5 ans, avec les données suivantes: z-score
poids/age < —4 (rapport de risque, RR: 6,5); z-score poids/age > —4 mais
< -3 (RR: 3,4); hypoxie (RR: 2,3); bactériémie (RR: 1,8); hépatomégalie
(RR: 2,3) ; jaunisse (RR: 1,8); hospitalisation > 13 jours (RR: 1,8). Un &ge
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plus élevé était protecteur (référence < 1 mois): de 6 a 23 mois, RR: 0,8;
de 2 a4 ans, RR: 0,6. Les enfants présentant au moins un facteur de
risque représentaient 545 (33%) des 1655 sorties annuelles de I'hdpital
et 39 (47%) des 83 déces associés a la sortie de I'hopital.

Research
Excess child mortality after hospital discharge in Kenya

Conclusion ['admission hospitaliere sélectionne les enfants fragiles
présentant un risque de déces accru. Les facteurs de risques identifiés
fournissent une base empirique pour un suivi efficace des patients non
hospitalisés.

Pesrome

36pITOYHAS TeTCKasA CMEPTHOCTH TOC/Ie BhImucK u3 6onbHubl B Kumndpu (Kenus):

PeTpOCIEKTUBHDI KOTOPTHBIN aHAIN3

Ilens ViccrenoBarb M30bITOYHYIO TTEANATPUYECKYIO CMEPTHOCTD
II0C/Ie BBITVCKM 113 OKPY>KHOII 60onbaubl B Kumndu (Kenns), a
TaKKe ee CPOKU 1 (paKTOPBI PUCKA.

Metopp! [l onucaHMA CMEPTHOCTM IIOC/IE BBIIIMCKU K3
OONMBHUIIBI, @ TAK)Xe BEPOSITHOCTY BBDKVMBAHM [leTENl B
BoO3pacre 7o 15 7ieT, ¢ pa3bMBKOIl II0 BO3PACTHBIM IPYIIIAM 1
K/IMHIYECKIM CHH/POMAM, VICIIO/Ib30BA/IVICh JAHHBIE OOTbHILIBI
U leMorpaUIecKIX MCCIefoBaHmiL. []/1s1 BblssB/IeHNst PaKTOPOB
pricka paspabarsiBamnch Mogenu perpeccrun Kokca.
PesynbpraTer B 2004-2008 romax Habmogamuch okomo 111
TBIC. JIeTel, YTO COCTABUIO 555 ThIC. YenoBeKO-1eT. Mbl
npoa”anusuposanu 14971 BbmucKy u 535 ciydaeB cMepTu,
HACTYIVBIINX B TedeHMe 365 THell moce Bbimckn. CMepTHOCTD
Obla BbIIIEe B KOTOpTe OONMBHBIX IOC/IE BBIMICKM, YeM B
KOTOpTe, OXBaTbIBaBIleil OOLIVHY B IieoM (K03 uiyeHT
IoKasaresisd, CKOPPeKTUPOBaHHbIII 110 BospacTy, KCB:7,7;
95% moBepuTenbHBIL NHTEpBa, HV: 6,6-8,9) 1 co BpeMeHeM
HEe3HAUNTEbHO CHIDKaNACh. [IOBBIIIEHHBIVI PUCK CMEPTHOCTH

IOC/Te BBIIIVICKM ObIT OTMEYEH Y JieTeil B BO3pAcTe 0 5 J1eT co
CTIERYIOUMY TIApaMeTpaMit: Z-CYeT 10 VHJIEKCY Macca Tela—
BO3pacT MeHbllle —4 (koadduiment pucka, KP:6,5); Z-cuet no
MHJIEKCY Macca Tela—Bo3pacT bosbliie —4, Ho MeHbIne —3 (KP: 3,4);
rumnokcus (KP: 2,3); 6axrepuemns (KP: 1,8); yBenudeHne nedeHn
(KP:2,3); undexnuonnsii remarut (KP:1,8); npeboiBanue
B 6onpHuLe 6oree 13 mueit (KP:1,8). [letn 6onee crapuiero
BO3pacTa OblIM JTydllle 3auieHbl (pedepeHTHBI Iepuos, —
1o 1 mecana): 6-23 mecaues, KP:0,8; 2-4 roga, KP:0,6. letn ¢
opHUM 1 6oree dakTopamu pucka coctasmsuu 545 (33%) n3
1655 cirydaes BBIIICKY B TOA 1 39 (47%) u3 83 cydaeB cMepTH,
CBSI3aHHBIX C BBITIICKOIL.

BsiBop I1py mocTynienun B 60/IbHNUILY OTOMPAIOTCS YSA3BUMbIE
JIeTH C YCTOIYMBO MOBBIIIEHHBIM PUCKOM JIETA/IBHOTO MCXOfA.
BoisiB/ieHHBIE (DAKTOPBI PUCKA COCTAB/IAIT IMINPUYECKYIO
6asy n1s1 9¢PeKTUBHOTO IMOC/Iefylero aMOyIaTOPHOTO
Habmomen st 60IbHbIX.

Resumen

Sobremortalidad infantil tras el alta de un hospital en Kilifi, Kenia: analisis retrospectivo de cohortes

Objetivo Examinar la sobremortalidad pedidtrica tras el alta hospitalaria
en el Hospital del Distrito de Kilifi (Kenia), asi como su duracion y factores
de riesgo.

Métodos Se emplearon datos hospitalarios y demogréficos para describir
la mortalidad tras el alta hospitalaria y la probabilidad de supervivencia
en nifios menores de 15 arios, por franja de edad y sindrome clinico.
Se elaboraron modelos de regresion de Cox para identificar los factores
de riesgo.

Resultados En 2004-2008, se siguieron aproximadamente 111000
nifios hasta un total de 555000 arios-persona. Analizamos 14971 altas
hospitalarias y 535 fallecimientos ocurridos en los 365 dias siguientes al
alta hospitalaria. La mortalidad fue mayor en la cohorte post-alta que en la
cohorte de la comunidad (razon de tasas ajustada segun la edad, RT: 7,7;
intervalo de confianza del 95%, IC: 6,6-8,9) y decrecio ligeramente con

el tiempo. En nifios menores de 5 afios se encontrd un mayor riesgo de
mortalidad post-alta, junto con los siguientes estadisticos: puntuacion Z de
peso para la edad < —4 (cociente de riesgos instantaneos [hazard ratio,
HR]:6,5); puntuacion Z de peso para la edad >—4 pero <—3 (HR:3,4);
hipoxia (HR: 2,3); bacteriemia (HR: 1,8); hepatomegalia (HR: 2,3); ictericia
(HR:1,8); estancia en el hospital >13 dias (HR:1,8). A mayor edad el
riesgo era menor (referencia < 1 mes): 6-23 meses, HR: 0,8; 2-4 afios,
HR: 0,6). Los nifios con al menos un factor de riesgo representaban 545
(33%) de las 1655 altas anuales y 39 (47%) de los 83 fallecimientos
relacionados con el alta.

Conclusion En el ingreso hospitalario se selecciona a los nifios
vulnerables con un mayor riesgo de muerte constante. Los factores de
riesgo identificados proporcionan una base empirica para un seguimiento
ambulatorio eficaz.
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Table 3. Crude and adjusted?® mortality hazard ratios (HRs) for children <5 years of age recently discharged from Kilifi District
Hospital, by variable group, Kenya, 2004-2008

Clinical signs/symptoms Crude HR P Adjusted HR P
Fever/malaria

Fever 0.68 <0.01 0.91 0.46
Temp. >37.5 °C 0.76 <0.01 1,18 0.35
Temp. >39 °C 0.70 0.02 1.21 0.22
Parasitaemia 0.32 <0.01 0.46 <0.01
Anaemia 1.17 0.36 1.22 0.30
Respiratory

Cough 1.14 0.30 1.00 0.99
Difficulty breathing 1.30 <0.01 0.82 0.16
Tachypnea 1.41 <0.01 1.05 0.75
Indrawing 1.57 <0.01 1.28 0.93
Stridor 0.99 0.99 0.83 0.99
Hypoxia 2.91 <0.01 2.07 <0.01
Gastrointestinal

Vomiting 0.87 0.35 0.88 0.35
Diarrhoea 1.21 0.13 1.21 0.18
Meningitis/sepsis

Bacteraemia 2.72 <0.01 1.95 <0.01
Convulsions 0.56 <0.01 0.72 0.13
Prostration 1.36 0.02 1.42 0.05
Lethargy 1.63 <0.01 1.59 <0.01
Agitation 1.39 0.21 1.22 0.64
Bulging fontanelle 3.66 <0.01 2.43 0.02
Stiff neck 3.29 0.01 2.01 0.92
Shock 1.39 0.05 0.79 017
Nutritional®

-3 <WAZ <-2 2.11 <0.01 Included in “baseline” group
—4 <WAZ <-3 497 <0.01 2.41 <0.01
WAZ <-4 12.15 <0.01 2.87 0.04
-3 <WHZ <-2 2.33 <0.01 0.98 0.96
—4 <WHZ <-3 4.43 <0.01 1.00 0.99
WHZ <-4 7.41 <0.01 0.91 0.88
-3 <HAZ <-2 1.65 <0.01 0.97 0.89
—4 <HAZ <-3 3.02 <0.01 1.1 0.74
HAZ <-4 591 <0.01 0.83 0.68
-3 <MUAC-Z <-2 3.37 <0.01 2.32 <0.01
—4 <MUAC-Z <-3 6.78 <0.01 2.92 <0.01
MUAC-Z <-4 18.21 <0.01 7.59 <0.01
Oedema 2.96 <0.01 Dropped due to collinearity
Uncategorized variables

Wheezing 0.26 0.68 0.40 0.05
Admission to KEMRI 1.46 0.01 1.23 017
Hospitalization >13 d 4.61 <0.01 2.07 <0.01
Jaundice 1.84 0.01 1.67 0.06
HIV infection 3.34 <0.01 2.22 0.19
Enlarged spleen 1.55 0.03 210 <0.01
Hepatomegaly 2.76 <0.01 2.32 <0.01
High serum creatinine 0.78 0.19 0.80 0.30
Hyperglycaemia 1.01 0.98 0.97 0.99
Hypoglycaemia 2.09 <0.01 1.24 0.40
Transfusion 1.66 <0.01 1.63 <0.01
Absconded 4.65 <0.01 2.06 0.95

HAZ, height-for-age Z score; HIV, human immunodeficiency virus; KEMRI, Kenya Medical Research Institute; MUAC-Z, mid-upper arm circumference Z score; WAZ,

weight-for-age Z score; WHZ, weight-for-height Z score.

2 Adjustment for age at discharge, weight-for-age Z score and covariates in same variable group.

b “Adjusted” model shown for children 2 to 59 months of age only (HAZ and WHZ unreliable in infants <45 cm in length, MUAC-Z score not available for infants
<6 months of age). WAZ was used in the final multivariable models for all children <5 years old.
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