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CRIB (clinical risk index for babies) in relation to
nosocomial bacteraemia in very low birthweight or

preterm infants
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Abstract
Positive blood cultures in very low birth-
weight or preterm infants usually reflect
bacteraemia, septicaemia, or failure of
asepsis during sampling and lead to
increased costs and length ofstay. Rates of
nosocomial, or hospital acquired, bacter-
aemia may therefore be important indica-
tors ofneonatal unit performance, ifcom-
parisons are adjusted for differences in
initial risk.
In a preliminary study the risk of nosoco-
mial bacteraemia was related to initial
clinical risk and illness severity measured
by the clinical risk index for babies
(CRIB). Nosocomial bacteraemia was de-
fined as clinically suspected infection with
culture of bacteria in blood more than 48
hours after birth.
One or more episodes of noscomoial

bacteraemia were identified retrospec-
tively in 36 of 143 (25%) infants in a
regional neonatal unit between 1992 and
1994. Biologically plausible models were
developed using regression analysis tech-
niques. After correcting for period at risk,
nosocimial bacteraemia was indepen-
dently associated with gestation at birth
and CRIB. Death was independently asso-
ciated with CRIB, but not with noscomial
bacteraemia.
CRIB may contribute, with other ex-

planatory variables, to more comprehen-
sive predictive models of death and noso-
comial infection. These may facilitate
future risk adjusted comparative studies
between groups ofneonatal units.
(Arch Dis Child 1996;75:F49-F52)
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Mortality is not the only indicator of perfor-
mance in neonatal intensive care. Nosocomial
(hospital acquired) infections ofblood, respira-
tory tract, urine, brain, bone and wounds occur
in up to 60% of infants in intensive care and
are dangerous, costly, and partly preventable.'
Variation in the incidence of nosocomial infec-
tion among neonatal intensive care units 2 may
reflect relative overcrowding, understaffing,"
early feeding or poor aseptic practice, all of
which are indicators of of care or case mix.
Crude comparisons ofnosocomial infections

are subject to confounding, however, because
of substantial differences among institutions in

birthweight, gestational age, and criteria and
techniques used for the investigation and diag-
nosis of infection, the use of indwelling
catheters and the duration of exposure to risk
as reflected by length of stay.2 6 Recently, initial
illness severity up to 24 hours after admission,
as measured by SNAP (score for acute neona-
tal physiology), was an important confounding
variable in assessing the risk of nosocomial
bacteraemia.'

Diagnostic bias is a major problem in
comparisons between institutions. Positive
blood cultures obtained more than 48 hours
after admission are less -prone to inter- and
intra-observer bias than are the diagnoses of
pneumonia or wound infection, and they
provide a common, accurate, and important
measure of clinical performance. They usually
indicate bacteraemia or septicaemia acquired
in hospital, or poor sampling technique, and
lead to prolonged antibiotic treatment and
repeated investigations, with increased costs
and length of stay.7
The incidence of positive blood cultures

may, therefore, provide a reliable composite
indicator of nosocomial bacteraemia or poor
aseptic sampling technique, but this statistic is
not routinely available. Comparative data are
also likely to be misleading if they are not
adjusted for differences in case mix, or initial
risk. We assessed whether CRIB (clinical risk
index for babies)8 9 can adjust for differences in
clinical risk and initial illness severity up to 12
hours after birth when reporting the risk of
bacteraemia in very low birthweight or preterm
infants. Our main hypothesis was that the risk
of bacteraemia was associated with initial clini-
cal risk and illness severity, as measured by
CRIB, after correcting for length of stay. The
secondary hypotheses were that after adjust-
ment for initial illness severity, the risk of death
and total length of stay (in survivors) were
independently associated with nosocomial
bacteraemia.

Methods
This was an observational study in a cohort of
infants admitted to Ninewells Hospital Special
Care Baby Unit between 1 January 1992 and
31 December 1994. The unit is a regional cen-
tre serving Tayside, Scotland, with roughly 350
admissions a year. Surfactant was in routine
use and more than 60% of women delivering
before 31 weeks of gestation received antenatal
steroids during the study period. All infants
admitted with a birthweight under 1501 g or a
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Table 1 Characteristics of the study infants (n = 143)

Median Range

Weight (g) 1260 600-1870
Gestation (completed weeks) 30 25-36
CRIB score 1 0-13
Length of stay (days) 35 2-130

Table 2 Organisms isolated during study period

Total number ofepisodesof
Organism nosocomial bacteraemia

Staphylococcus epidermidis 32
Staphylococcus aureus 1
Enterococcus spp 4
Klebsiela spp 2
Eschericha coli 7
Group B streptococcus 1

gestational age under 31 weeks, and who
remained in the unit beyond 48 hours of age,
were included. Data were collected retrospec-
tively from clinical records by two research
assistants and included initial clinical risk and
illness severity as measured by CRIB, length of
stay, mortality, the number of episodes of
bacteraemia, and the bacteria isolated. An epi-
sode of bacteraemia was defined as clinically
suspected sepsis presenting later than 48 hours
after birth associated with growth of bacteria
on blood culture. Episodes were considered to
be distinct and counted separately if positive
blood cultures were at least five days apart.
Blood cultures were never obtained without
clinical suspicion of infection. Length of stay
was defined as the time in days between admis-
sion to the unit and either death or discharge
from the unit to another ward, another
hospital, or to home. The data collectors were
unaware of the hypotheses being tested and
those responsible for interpreting the blood
cultures were unaware of the clinical condition
of each infant. Approval for the study was
sought from the Tayside Committee on Medi-
cal Research Ethics before data collection and
deemed not necessary.

STATISTICAL METHODS
Survival analysis techniques were used to
examine the relation between time to first
occurrence of bacteraemia and possible ex-
planatory variables, including birthweight, ges-
tational age at birth, and initial risk and illness
severity (as measured by CRIB). Using Cox
regression with forward stepwise methods, a
model relating time to first occurrence of
bacteraemia to initial disease severity was
obtained. Similar methods were used to exam-
ine the correlation between time to hospital
mortality and the occurrence of bacteraemia,
after adjusting for differences in initial risk and
illness severity using CRIB. Finally, the relation
between length of stay after correcting for
differences in gestation at birth, the occurrence
of bacteraemia, and initial illness severity as
measured by CRIB, was examined using the
same methods. Those variables whose contri-
bution to any given model did not reach the
significance of P < 0.05 for their regression
coefficient were dropped from the model.
SPSS version 6.1.2 software was used through-
out (SPSS Inc., Chicago, Illinois, USA).

Results
Ninety nine per cent of eligible infants were
included in the study (77 boys and 66 girls).
Two infants were excluded from the analyses
because of incomplete data. The characteris-
tics of the cohort are shown in table 1 and fig-
ure 1 (A-C). One hundred and seven infants
had no recorded episode of bacteraemia up
until their death or discharge from the unit; 26
infants had a single episode of bacteraemia;
seven had two episodes of infection; and three
infants had three episodes. The pathogens iso-
lated are shown in table 2. Seventeen infants
died during their admission to the unit.

NOSOCOMIAL BACTERAEMIA
CRIB and gestational age at birth were related
independently to time to occurrence of bacter-
aemia. Examination of the residuals suggested

= No positive blood cultures
ME 1 or more positive blood cultures
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Figures IA-C Proportion ofstudy population (n=143)
with one or more episodes of nosocomial bacteraemia: (A)
frequency distribution ofgestational age at birth; (B)
frequency distribution of birthweight; (C) frequency
distribution ofCRIB score.
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that this model fitted the data adequately and
was valid. The model suggested that, for any
given baby, at any given time, the risk of one or
more episodes of nosocomial bacteraemia
increased by a factor of 1.12 (95% confidence
interval 1.01, 1.24) for each unit increase in
CRIB and changed by a factor of0.80 (95% CI
0.67, 0.96) for each increase in one week of
gestation at birth. Figure 2A illustrates the
independent relation between CRIB and time
to occurrence of bacteraemia. Figure 2B

age at birth. Thus for each survivor, at any
given time, the chance of an extra day's stay
was increased independently by a factor of
1.19 (95% confidence interval 1.08, 1.32) for
each unit increase in CRIB, by a factor of 2.27
(95% confidence interval 1.40, 3.67) if the
infant had one or more episodes of bacter-
aemia, and by a factor of0.79 (95% confidence
interval 0.73, 0.86) for each additional week of
gestation at birth.

illustrates the independent relation between Discussion
gestational age at birth and time to occurrence The main hypothesis, that initial clinical risk
of bacteraemia. and illness severity measured by CRIB is inde-

pendently associated with the risk of nosoco-
DEATH mial bacteraemia, is accepted. Although early
Of the four variables (CRIB, gestational age at mortality may result in misleadingly low rates
birth, birthweight and the occurrence of one or of bacteraemia in some centres, by curtailing
more episodes of bacteraemia) entered into the the duration of exposure to risk, this potential
model for risk of death, only CRIB was bias was overcome using survival analysis with
independently related: for every unit increase Cox regression analysis. An alternative strategy
in CRIB score, the risk of mortality increased would have been to develop a predictive model
by a factor of 1.32 (95% confidence interval for the composite outcome of death or bacter-
1.16, 1.49). aemia before discharge. When comparing the

incidence of nosocomial bacteraemia, mea-
LENGTH OF STAY sures of risk such as CRIB and gestational age
In those infants who survived to hospital at birth may be important explanatory vari-
discharge, total length of stay was indepen- ables, among others. Risk adjusted compari-
dently related to the occurrence ofone or more sons are, therefore, likely to be more valid.
episodes of bacteraemia, CRIB, and gestational When adjusting for differences in illness sever-

ity between centres, CRIB may offer advan-
1.0 A tages over more complex scoring systems.

CRIB is a validated measure of initial clinical
0.9 _ risk and illness severity up to 12 hours after

CRIB score 0-1 birth, "'l but contains only six variables and is0.8-

0.7
C simple to calculate.0.7B score >3 zThere was no evidence to support the

0.6 C hypothesis that the risk of death was indepen-
0.5 dently related to nosocimial bacteraemia. This

is plausible given that most episodes are not
0.4 - regarded as life-threatening. When birthweight
0.3 and gestational age were added to this model asindependent variables, neither entered the final
0.2 - equation. Death was therefore still predicted
0.1 _ more accurately by CRIB than by birthweight
I.01 or gestation alone, confirming the findings of a
00 10 20 3 40 50 60 70 recent study.'0 This supports the continued use

Time to first occurrence of NB (days) of CRIB, which was originally validated before
the introduction of surfactant treatment, to

1.04 Gestation>31 weeks B adjust for case mix now that surfactant is inGestation >31 weeks B routine use. As might be expected clinically,
09 initial illness severity, the occurrence of one or

0.8 more episodes of bacteraemia, and gestational
0G7 - age at birth significantly and independently

contributed to length of stay among surviving
0.6 Gestation <29 weeks infants. Larger numbers are, however, needed
0.5

to develop and validate more comprehensive
models for length of stay, to adjust for case mix

0.4 - in comparative multicentre studies.
0.3 'MThe number of confounding variables exam-

ined in the analyses was limited. Others
0.2 - probably exist, but their independent impact
0.1 _ on outcome is unknown. In particular, invasive
0.00 treatments such as central venous catheters

*0> 10 20 30 40 50 60 70 may increase the risk of bacteraemia. Simply
Time to first occurrence of NB (days) adjusting interhospital comparisons as infec-

tion-rates per 100 catheter days at risk l masks
re 2 eChancesof ntothtavin8ghadanepiodeof no soomialWbateraemi (NB)atterate ny variability in clinical preferences for invasive,n time following admission: (A) risk of nosocomial bacteraemia, tme afe admission,

spotarCRIB; (B) risk of nosocomial bacteraemia, time after admission, and gestational age support and may therefore overcontrol for dif-
irth. ferences in policy. It is also plausible that the
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number of cotside visits might, in itself, also be
associated with the risk of nosocomial bacter-
aemia and there is now evidence to suggest that
sicker infants are likely to receive more cotside
visits (W Tarnow-Mordi, K Hamilton, C
Gould, G Parry, P Fowlie for the Scottish Neo-
natal Consultants Collaborative Study Group
and the International Neonatal Network.
Abstract presented to the British Association of
Perinatal Medicine, September 1995). Bacter-
aemia or sepsis from endogenous bacterial
translocation across the gut may be increased
by insults such as hypoxia or hypothermia,"
which correlate with severity of illness, and are
reduced by milk"2 and trophic feeding (Mc-
Clure RJ, Newell SJ. Trophic feeding, gas-
trointestinal motility and clinical outcome in
the preterm infant receiving intensive care.
Abstract presented to the British Association,
April 1996). Lastly, venous access may become
progressively more difficult in sicker infants,
increasing the risks of either introducing infec-
tion through repeated skin punctures, or of
positive blood cultures representing growth of
skin contaminants. Accurate estimation of
initial risk of bacteraemia would allow differ-
ences between observed and expected rates to
be attributed to variations in clinical policy.
Although the definition of nosocomial

bacteraemia used in this study is widely
accepted, " a few hospital acquired infections
occur before 48 hours 14 and a few positive cul-
tures arising after 48 hours reflect vertically
transmitted septicaemia. As such cases are
rare, they will have little impact on the validity
of multicentre comparisons but it would be
reasonable to record the spectrum of organ-
isms isolated in each neonatal unit.
Because of the relatively small numbers

treated in individual neonatal units, "league
tables" ranking each unit by their rate of
bacteraemia or mortality are likely to be
misleading.'5 Even after adjusting for differ-
ences in initial risk, using highly accurate
predictive models, comparisons between indi-
vidual institutions will generate wide confi-
dence intervals around point estimates of
observed or expected outcome. Consequently,
substantial fluctuations in individual rankings
should be expected purely by chance alone.'5
Comparisons of risk adjusted outcome be-
tween groups of institutions may also be incon-
clusive if based on small numbers.'0 The
impact of organisational characteristics on risk
adjusted outcome can only be studied success-
fully using adequate sample sizes.'6

Nosocomial bacteraemia is a common,
costly, and clinically important measure of
outcome and may be a valuable indicator of
performance in neonatal intensive care. A large
multicentre study is needed to develop and
validate a predictive model for bacteraemia
that will adjust for variations in case mix when
comparisons are made between groups of
units. Initial severity of illness, as measured by
CRIB, may contribute to such a model.
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