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This study investigated the possibility of improved survival in
cerebral palsy (CP) over a 20-year period. Participants were

47 259 persons with CP receiving services from the State of
California between 1983 and 2002. The person—year approach
was used. This asks whether the probability of dying in a given
calendar year changes over the study period after age and
severity of disability are taken into account. An appreciable
improvement over time was found in children with severe
disabilities and in adults who required gastrostomy feeding. In
these groups, mortality rates fell by 3.4% per year. Therefore,
life expectancies reported in earlier studies should be increased
by approximately 5 years if adjustments to 2002 mortality rates
are made. For other persons with CP there was, at most, a
small improvement over the 20-year period. The results suggest
there have been improvements in the treatment and care of the
most medically fragile children. Gastrostomy feeding has
become much more widespread over the past two decades, and
the improved survival of persons with gastrostomies may
reflect better understanding of their requirements.
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There is little doubt that survival in cerebral palsy (CP) has
improved over the past half-century.! However, no clear
improvement in survival over the past two to three decades
has been documented in the literature on CP. Although
Strauss et al.,? in their Californian study of children with CP,
observed some improvement over time, it was not statistical-
ly significant. No evidence for such a trend was found in the
Australian study of Blair et al.,? the UK studies of Hutton et
al, 5 and the Californian study of adults by Strauss and
Shavelle.®

Such an improvement would be an example of a secular
trend. Secular trends have been reported in spinal cord
injury over a 20-year period,”8 and for infants in a vegetative
state over a 15-year period.’

Secular trends in survival are of interest for at least two
reasons. First, when referring to longevity studies in the liter-
ature the reader will want to know whether the published
estimates need to be revised upwards and, if so, by how
much. Second, such trends may be a marker for progress in
medical treatment and therapy. For example, a 1992 article
on fundoplication in children with profound neurological
disability (Smith et al.'?) was subtitled ‘High risks and unmet
goals’. However, anecdotal evidence suggests that since the
1980s there has been a better understanding of the impor-
tance of appropriate nutritional status in children and adults
with disabilities. Further, there has been a greater apprecia-
tion of the risks of aspiration, improvements in surgical pro-
cedures for gastrostomy and fundoplication, and progress in
gastrostomy-feeding techniques. As a result, it seems unlikely
that Smith’s subtitle would apply today. Nevertheless, so far,
no such improvement appears to have been documented in a
published study on mortality or morbidity in CP.

To identify a possible secular trend in survival in CP, it is
necessary to control for factors such as age and the severity of
disability. In particular, it has been shown in previous work
that the degree of preserved motor function (e.g. the abilities
to roll over, crawl, walk, and self-feed) is a key factor in this
regard.>> These factors were taken into account in the pre-
sent study.

We analyzed data from the large California database over
the 20-year period 1983-2002 and asked: (1) has there been
improvement in the survival of persons with CP over this
period? (2) If so, does this trend apply to all persons with CP,
regardless of age or severity of condition, or only to certain
subgroups? (3) How much have mortality rates decreased,
and what effect has this had on life expectancy?

Method

PARTICIPANTS

Our participants were persons who: (1) had CP; (2) received
services (e.g. medical services, therapies, board and care,
respite services) from the California Department of Devel-
opmental Services between January 1983 and December 2002;
and (3) were at least 4 years of age at some time during this
period. According to the Department, ‘Cerebral palsy includes
two types of motor dysfunction: (1) a nonprogressive lesion or
disorder in the brain occurring during intrauterine life or the
perinatal period and characterized by paralysis, spasticity, or
abnormal control of movement or posture, such as poor coor-
dination or lack of balance, which manifests before 2 or 3 years
of age, and (2) other significant motor dysfunction appearing
before age 18! We then excluded persons with an



International Classification of Disease (9th revision)'? code for
any of several degenerative conditions or conditions acquired
after infancy, as these might not be considered CP. A list of these
is available from the first author.

Inall, 28 513 children aged 4 to 14 years and 30 185 adults
aged 15 years and older met these criteria.

We reviewed data collected by the California Department
of Developmental Services on Client Development Eval-
uation Reports (CDER)? for January 1983 to December
2002.The CDER include 261 items. Each CDER during the
study period included demographic information for etiology;,
information on other medical conditions, and level of motor,
self-care, and cognitive functioning. Each participant’s CDER
is updated approximately once a year, thus yielding repeated
measures on risk factors for most persons in the study. The
reliability of the CDER items used here has been previously
assessed as satisfactory, 1416

Information about mortality was obtained from the
California Department of Health Services. In accordance with
Californian law; all deaths in the state are reported to that
department.

STATISTICAL METHODS

We used the pooled repeated observations method for analy-
sis.!7~19 In this method, the unit of observation is not a per-
son, but a person-year. With each person—year we associated a
binary outcome variable, indicating whether the person
lived or died in that year, and a set of explanatory variables, as
listed below. Logistic regression analysis'® was used to relate
the outcome variable (lived/died) to the explanatory vari-
ables. This approach has been widely used in similar work. As
explained elsewhere, '8 the method is preferable to the more
familiar cohort analysis (e.g. proportional hazards model-
ing) because the latter does not focus on specific ages or cal-
endar years. For example, if mortality rates were unusually
high or low for a particular decade or particular age range, this
would be difficult to identify in a conventional cohort analysis.
The analysis is actually equivalent to a Cox proportional haz-
ards model with time-varying covariates.!® Variables consid-
ered in the analyses were as follows:

Figure 1: Survival of children aged 100 7
4 years with cerebral palsy, who did not
lift bead in prone, and who were fed by
others (either orally or by gastrostomy). 80 7
Curves show proportion of persons
surviving to each age. Solid curve is based

on 1983 to 1995 data; dotted curve is 60 7

Severity of CP. The participants were stratified into two
groups: the first consisted of those who were (1) unable to
crawl, creep, scoot, stand without support, or walk, and (2) fed
completely by others. All others were in the second group. For
convenience, the groups were labeled ‘severe’ and ‘not-severe’
disabilities, though it is recognized that many participants in
the latter group would in other contexts be considered to have
severe CP.

Age. After some preliminary analyses, we chose to work
with three age groups (4-7y, 8-14y, and 15-30y), with a sim-
ple linear term in age for age 30 and above. The analysis indi-
cated that these terms were sufficient; for example, quadratic
or higher terms for age (over the age of 30) did not add signif-
icantly to the prediction of mortality.

Sex. Perhaps not surprisingly, this variable did not contribute
significantly to the prediction of mortality. It was, therefore,
dropped from subsequent analyses.

Mode of feeding. Three groups were considered: tube fed,
fed orally by others, and self-feeds. As long-term tube feeding
was usually by gastrostomy, we use the two terms interchange-
ably (there were only a few children with a jejunostomy, long-
term nasogastric feeding, or other form of tube feeding).

Mobility. For the severe group, three levels of mobility
were considered: (1) does notlift head when lying prone; (2)
lifts head (and possibly chest) when lying prone, but does not
consistently roll or sit; and (3) rolls or sits independently. For
the not-severe group, where functional skills were generally
somewhat greater, the three levels were: (1) does not walk;
(2) walks only with support, or unsteadily alone at least 3
meters; and (3) walks well alone at least 6 meters and bal-
ances well.

Calendar year. The relation of this variable to mortality
risk, other factors being equal, was the central issue in the
present study.

Model selection was performed using Wald and deviance
statistics for nested models,?° and the Akaike information cri-
terion otherwise.?!

The children (age under 15y) contributed 136757 per-
son-years of follow-up, and the adults contributed 271 138
person-years, for a total of 407 895 person-years. During this

Adjusted to 2002 rates
median survival 17y, LE=20y

- -

1983-1995 data median
survival 11y, LE=14y

adjusted to 2002 mortality rates.
Respective 10-year survival probabilities,
Jfor example, are 53% and 67%. Use of
standard methods yields respective
medians of 11 and 17 years, and life
expectancies of 14 and 20 years
respectively. LE, life expectancy.

40 7

Percentage of survivors

20 7

Age (y)
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period 4408 participants died, for an overall mortality rate of
11 deaths per 1000 person-years.

Life tables?? were used to determine life expectancy (i.e.
average number of additional years of life in a large group of
similar persons) and median survival times (the time at
which 50% of the group would still be alive) for various
groups. Mortality rates for ages beyond the ranges of the
cohort analyses were computed using the assumption of pro-
portional life expectancy.??

To take account of the secular trend, we adjusted the esti-
mated mortality rates to be those for the end of the study
period (i.e. 2002). This procedure is to reduce each mortality
rate by an appropriate amount to reflect the improvement
that has occurred over the study period. Naturally, the size of
the reduction depends greatly on the number of years until
2002. For example, mortality rates derived from 2001 data
will only be reduced very slightly, whereas rates based on
1985 data are reduced much more.

We illustrate the procedure with the example of a 10-year
follow-up of a cohort of 4-year-old children who were fed by
others and who did not lift their heads in prone or roll or sit
independently. The original analysis is based on data for the
period 1983 to 1995, and the task is to adjust the results to
reflect mortality rates obtaining in 2002, the end of the study
period. The results of the procedure are shown in Figure 1,
and are discussed later in this article. The steps are as follows:

(1) At the end of a 10-year follow-up, which was based
entirely on data from the 1983 to 1995 period, 53% of the
children were alive. Standard methods?!' show that this
corresponds to an annual mortality rate of {In(0.53)/10}-
=0.063, i.e. 63 deaths per 1000 persons per year. The median
survival time is 11 additional years (to age 15y) and the life
expectancy is an additional 14 years 4 months.

(2) The calendar year of each person-year of the underly-
ing data was known. For the person-years contributing to
the computation of the first 5 years of follow-up, the average
calendar year proved to be 1988.

(3) For this first 5-year rate, an adjustment for 14 years
(from the middle of 1988 to the middle of 2002) of secular
trend is, therefore, required.

(4) As shown in the Results, the estimated decline in mor-
tality is 3.4% per year. Over a 14-year period, therefore, the
mortality rate declines to (1-0.034)4=61.6% of its previous
value. That is, the first 5-year rate becomes 0.063%0.616
=0.039.

(5) Similarly, for the second 5-year rate an adjustment for
11 years (rather than 14) proves necessary, and the appropri-
ate multiplier is (1-0.034) '1=68.4%. Thus, the second 5-year
mortality rate becomes 0.063%0.684=0.043.

(6) Thus, to take account of the secular trend we simply
replace the two unadjusted 5-year death rates, 0.063 and
0.063, by 0.039 and 0.043. The new rates lead to a median
survival time and a life expectancy of an additional 16 years 8
months and 20 years 2 months respectively.

(7) It may be noted that the result of the adjustment is to
increase both the median survival time and the life expectan-
cy by approximately 6 years, by comparison with the figures
in (1) above.

Results

Table I gives summary information on the 28513 children
aged 4 to 14 years. The severe group contributed 18% of the
person-years, but 69% of the deaths. The prevalence of gas-
trostomy feeding was 26% in the severe group, compared
with only 3% in the not-severe group.

As indicated in footnotes to Table I, there was a marked
increase in the use of gastrostomy feeding during the 20-year
study period. In the severe group, for example, the preva-
lence of tube feeding rose steadily from 16% in 1983 to 38%
in 2002.

As may be seen, mortality rates were much higher among
those who required gastrostomy feeding than among those
who did not. As expected, mortality rates were strongly

Table I: Crude death rates in children by age, feeding status, and mobility?

Item Severe CP? Not-severe CP?
Number or percentage Crude death rate® Number or percentage Crude death rate®

Nr of children 6277 - 22236 -
Nr of deaths 917 - 407 -
Nr of person-years 24996 37 111761 4
Age, %

4-7y 45 36 42 4

8-14y 55 37 58 4
Gastrostomy feeding status9, %

Tube fed 26 65 3 21

Not tube fed 74 27 97 3
Mobility,¢ %

Low 25 65 28 8

Intermediate 52 32 33 3

High 23 17 39 1

aperson—year data from 28 513 children aged 4-14 years; PSevere CP: unable to crawl, walk, or self-feed (see text for detailed explanation);
¢deaths per 1000 person—years; 9proportion in severe group requiring tube feeding: 16% in 1983, 38% in 2002; proportion in not-severe
group requiring tube feeding: 0.6% in 1983, 6% in 2002; “mobility in the severe group: low, does not lift head in prone; intermediate, lifts head
in prone or rolls; high, full rolling and sitting; mobility in the not-severe group: low, does not walk; intermediate, walks with support or

unsteadily alone; high, walks well alone.
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dependent on the degree of mobility: in the severe group,
those with the poorest mobility (unable to lift their heads in
prone) had approximately four times the mortality of those
with the best motor function (could roll or sit independently).
In the not-severe group, the disparity was even greater, with a
relative risk of 8.

Table II provides similar information for the 30 185 adults
aged 15 years and older. Again, the severe group is relatively
small but contributes disproportionately to the mortality.
Mortality rates rise with age, as expected, especially in the
not-severe group. Gastrostomy feeding was relatively com-
mon (20%) in the severe group, but rare (1%) in the not-
severe group. Again, as shown in the footnote to Table II, the
prevalence of gastrostomy feeding increased sharply during
the study period. As before, the need for gastrostomy feeding
was associated with much higher mortality.

Table IIT shows the final logistic regression model for the
severe CP group. The last entry under ‘Age’ shows that each
year over the age of 30 was associated with an increase of
0.4% in mortality, after functional status and need for gastros-
tomy feeding were taken into account (as noted below; this
applies only to persons in the low-mobility group). This was
small and did not attain statistical significance at the 5% level.
Further, the age groups under age 30 did not have signifi-
cantly different mortality rates. Need for gastrostomy feeding
was associated with 2.3 times higher mortality than the refer-
ence group (those who could be fed orally by others). This,
of course, does not indicate that gastrostomy feeding is harm-
ful, but that those who require such feeding have disabilities
that are more severe. Mobility also had a strong effect on mor-
tality: rates for persons unable to lift their heads in prone
(poor mobility) were more than double the rates for persons
able to roll or sit (high mobility). There was only one signifi-
cant interaction term, which reflected the fact that for per-
sons with intermediate or higher mobility, mortality rates
increased with age past the age of 30; as noted above, the trend
was smaller and non-significant for those with low mobility.

The most interesting finding revealed by Table III is the
secular trend. For children under the age of 15 years, and for
older persons who were gastrostomy-fed, there was a steady
decline in mortality over the 20-year period. The odds ratio of
0.966 indicates that each year the mortality risk in these
groups was 96.6% ofits value in the preceding year. This is equiv-
alent to a decline of approximately 3.4% per year over the
study period. This is a substantial decline over a 20-year peri-
od. For example, it equates to a 50% reduction in the mortal-
ity rate. Note that no decline was observed for persons older
than 15 who were not gastrostomy-fed.

Table IV shows the result of the logistic regression modeling
for the not-severe group. Again, the Table IV shows the high-
er mortality associated with both poor mobility and the need
for tube feeding. The most salient feature of Table IV, howev-
er, is the last row. This shows only a small secular trend: mor-
tality rates appear to decline by 0.9% (=1-0.991) for each
calendar year. This effect is much smaller than the 3.4%
decline observed in Table III, and is in fact only marginally
statistically significant at the 5% level. As an example of the
effect of assuming this 0.9% annual decline in mortality: if we
adjusted a life expectancy of 30 years based on data from, say,
1990 to 2002, the life expectancy would increase by only 1 to
2 years. This is comparable to the increase in life expectancy
in the general population.

To illustrate the improved survival over the 20-year period
in the severe group, we show two survival curves for cohorts of
children aged 4 years who were initially fed by others and who
were unable to lift their heads when lying prone (Fig. 1). The
lower curve is based on data from 1983 to 1995; it roughly
approximates the results obtaining at the time of our 1998
study of survival of children with CP? Ten-year survival for this
group was 53%. Standard methods indicate that the median
survival time was 11 years and the life expectancy 14 years. The
upper curve is similar except that (1) it incorporates data
through 2002 rather than 1995, and (2) it reflects mortality
rates adjusted to 2002, i.e. it follows a hypothetical cohort of

Table II: Crude death rates in adults by age, feeding status, and mobility®

Item Severe CP" Not-severe CP"
Number or percentage Crude death rate® Number or percentage Crude death rate®

Nr of adults 4822 - 25363 -
Nr of deaths 1368 - 1716 -
Nr of person-years 34657 40 236482 10
Age, %

15-30y 54 40 49 4

30-45y 32 32 35 6

45-60y 11 42 13 11

60y+ 3 99 3 ot
Gastrostomy feeding status,d %

Tube fed 20 70 1 37

Not tube fed 80 32 929 7
Mobility,¢*

Low 29 57 25 13

Intermediate 47 34 30 8

High 24 28 45 4

aperson—year data from 30 185 adults aged 15 years and older; PSevere CP: unable to crawl, walk, or self-feed (see text for detailed explanation);
¢death rate per 1000 person-years; “proportion tube fed in severe group: 10% in 1983, 31% in 2002; proportion tube fed in not-severe group: 0.3%
in 1983, 1.9% in 2002: “mobility in the severe group: low; does not lift head in prone; intermediate, lifts head in prone or rolls; high, full rolling and
sitting; mobility in the not-severe group: low, does not walk; intermediate, walks with support or unsteadily alone; high, walks well alone.
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children whose mortality rates at all ages are those of 2002
rather than of earlier years. As may be seen, the 10 year survival
rate of 67% is appreciably higher, as are the corresponding
median survival time (17y) and life expectancy (20y). Both

Table III: Logistic regression model predicting risk of mortality
by age and other factors for severe cerebral palsy group?®

Effect Oddis ratio 95% CI
Age,y

4-7 089 (0.76-1.03)

8-14 0.95 (0.84-1.07)

15-30 1.00 -

Each year over 30 1.004  (0.995-1.012)
Feeding tubeP 2.34 (2.00-2.74)
Mobility®

Low 2.59 (2.23-3.01)

Intermediate 1.58 (1.38-1.82)

High 1.00 -
Interaction (age >30 only)

(Age-30) x mobility? 1.019 (1.013-1.025)
Each calendar year:

Tube fed<15y, or >15y 0.966 (0.957-0.975)

Not tube fed, >15y 1.006  (0.995-1.018)

=59 653 person-years, 2285 deaths; Preference group is no feeding
tube; ‘mobility: low, cannot lift head when lying on stomach;
intermediate, lifts head when lying on stomach or has partial rolling;
high, full rolling or sitting; interaction term was defined using
mobility scores of 0, 1, and 2 for the low-, intermediate-, and high-
mobility groups defined above. CI, confidence interval.

Table IV: Logistic regression model predicting mortality by
age and other factors for not-severe cerebral palsy group?

Effect Odds ratio 95% CI
Age,y
4-8 1.001 (0.82-1.23)
8-15 0.96 (0.79-1.17)
15-30 1.00 -
Each year over 30 1.053 (1.048-1.058)
Feeding tubeP 4.46 (3.74-5.33)
Mobility©
Low 2.86 (2.42-3.38)
Intermediate 1.05 (0.93-1.20)
High 1.00 -
Interaction terms
Mobility x age 4-84 0.60 (0.47-0.77)
Mobility x age 8-15¢ 0.75 (0.62-0.91)
Mobility x each year past 30f 1.005 (1.001-1.010)
Each calendar year 0.991 (0.984-0.999)

=348 243 person—years, 2123 deaths; Preference group is no
feeding tube; “mobility: low, unable to walk; intermediate, walks
with support or unsteadily alone; high, walks well alone;
dinteraction term was defined as: 0 if age greater than 8 or unable to
walk; 1 if age 4-8 and walks with support or unsteadily alone; and 2
if age 4-8 and walks well alone; “this interaction term was defined
as: 0 if not age 8-15 or unable to walk; 1 if age 8-15 and walks with
support or unsteadily alone; and 2 ifage 8-15 and walks well alone;
fthis interaction term was defined as: 0 if unable to walk; (age-30) if
walks with support or unsteadily alone; and (age-30)x2 if walks
well alone. CI, confidence interval.
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the median survival time and the life expectancy are increased
by 6 years.

As noted previously, a secular trend for persons with severe
CP over the age of 15 years was only observed for those fed by
gastrostomy. Therefore, we compared the survival of gastros-
tomy-fed persons as reported in our 1998 study® with results
that are updated and adjusted to the year 2002. For the for-
mer we used mortality rates from Figure 2 of the 1998 study,
which were based on data before 1996. For persons aged 15
years we found that the adjustment to 2002 rates increased
the median survival times by approximately 3 years, and the
life expectancy by 5 years.

Discussion

This study is of significance in indicating that children who
have CP and severe disabilities have had demonstrable
increases in their life expectancy over the course of the past
20 years. Our data do not provide the reasons for this but it is
likely that these are multiple and overlapping. Although
those who are wholly immobile and dependent remain very
vulnerable, we speculate that the early recognition and vig-
orous treatment of infections, including, where indicated,
the use of ventilatory support, has been a major factor in
reducing the number of children who have died. We also sug-
gest that a variety of socioeconomic factors, such as the provi-
sion of appropriate housing, that are in general likely to
promote health, are of significance. Along with this it may be
that the provision of suitable schooling, therapies, aids and
appliances, and social and occupational opportunities, by
improving the quality of life for people with disabilities and
those caring for them will have had a non-specific beneficial
effect. All of these factors are worthy of further examination,
but that is beyond the remit of this paper.

Independently of the above factors, we also suggest that
attention to and management of the nutritional require-
ments of children and adults with disabilities is of particular
importance. We have demonstrated elsewhere?® that the
individuals with the most severe disabilities are smaller and
lighter than those who are less severely affected. Although a
lack of mobility per se may restrict growth it is probable thata
major factor in limiting growth and weight gain in this popu-
lation is less than optimal nutrition. Historically, gastrostomy
for children and adults with disabilities has been something
of a last resort, and resistance to feeding by this route is still
seen in many families and some practitioners. Nevertheless,
the pendulum has swung to a considerable extent. In conse-
quence, children who are failing to thrive or to gain weight,
and those who are considered or are demonstrated to be at
risk of aspiration, are offered gastrostomy much sooner in
their lives. The use of percutaneous gastrostomy procedures
and the demonstration that gastrostomy does not usually
promote gastroesophageal reflux have been additional fac-
tors in increasing the prevalence of tube feeding. Similarly,
other surgical procedures, such as fundoplication to limit
reflux, are now more readily performed, and they appear to
have reduced morbidity and mortality. It is also recognized
that, for some individuals, gastrostomy and oral feeding can
be complementary rather than mutually exclusive.

It is unsurprising, therefore, that we found improved sur-
vival of children with the most severe disabilities, and of
adults who are fed by gastrostomy. Mortality rates in these
groups fell by some 50% over the 20-year period. If mortality



rates from the period 1983 to 1995 are adjusted to 2002, the
end of the study period, life expectancies rise by approximately
5 years. Among persons who did not have the most extreme
disabilities, however, there was at most a weak trend.

Such trends have not been reported in previous work on
CP. There are at least three reasons for this. First, a large data-
base with a reasonably long follow-up is required if a secular
trend is to be detected. Second, as discussed above, the usual
cohort methods of analysis (such as the Cox proportional
hazards model) are much less suitable for investigating secu-
lar trends than the person-year approach used here. Third,
the trends are observed only for the persons with the most
severe disabilities. If the data are not stratified according to
severity then only an ‘average’ trend over all persons with CP
will be observed, and this will be small and weak.

The improved survival reported here, although encourag-
ing, is limited to persons with the most severe disabilities. In
this group, almost all causes of death have greatly elevated
death rates compared with the general population.? It is still
not reasonable to argue that life expectancy in severe CP
could approach normal. As an example: children aged 10
years who are tube fed and do not lift their heads in prone are
subject to roughly 500 times the mortality rates of the gener-
al population. The secular trends reported here would only
have a small effect on this disparity.

It is natural to ask whether the trend toward improved
survival may be expected to continue in the future. While
some modest further improvement in future years would not
be surprising, the principle of diminishing returns may be
expected to operate. Although much progress seems to have
been made in nutrition, for example, it is not clear that sub-
stantial further gains in this area are feasible. We recognize,
however, that any prognostication about future trends in life
expectancy is highly speculative.

We have noted the very substantial increase in the use of
gastrostomy feeding over the past 20 years. Whereas gastros-
tomies were previously performed only on individuals with
the most extreme disabilities, tube feeding has been increas-
ingly used for those with less extreme disabilities. Thus, the
average degree of disability in those who are tube fed has
diminished over time. Paradoxically, the same may be true of
those not tube fed, as the members of that group with the
severe disabilities are now more likely to be ‘transferred’ to
the tube fed group. This suggests the somewhat surprising
conclusion that the average severity of disability has dimin-
ished over time in both groups. And in view of this, one might
ask whether some of the improved survival over time in both
groups may be explained by this trend.

The evidence suggests that this explanation is not a major
part of the story. For example, we considered the survival
over time of cohorts of 4-year-old children who were essen-
tially immobile — they could not lift their heads in prone, or
roll or sit independently — and were fed orally by others (Fig.
1). No distinction between oral versus tube feeding was con-
sidered in this analysis. Nevertheless, the improvement in
survival over the years was comparable to that observed both
in the tube-fed and not-tube-fed groups separately.

Is the increased longevity of those with the most severe dis-
abilities accompanied by improved life quality? The issue is a
complex one, as such persons are reported to have the lowest
quality of life and to suffer the most from pain.2>? On the
other hand, research indicates that gastrostomy feeding,

which has become much more common in this group, has had
a positive impact both on the children and their families.3%31

A limitation of the study is that it is restricted to data from
California. While we see no reason to expect a markedly dif-
ferent pattern of improvement in other parts of the Western
world, at present this is not known. Comparable studies
from other countries would be helpful here.

A second limitation concerns the causes of the secular
trend. As noted, we suspect that improvements in the under-
standing and provision of nutrition have contributed signifi-
cantly to the observed secular trend. Supporting this idea is
the fact that the improved survival is largely restricted to
those with the most severe disabilities, and these persons are
much more likely to be malnourished. Further, these per-
sons are much more dependent on medical treatment and
services than higher-functioning persons. It follows that the
improvement is more likely to reflect improvements in medi-
cine in a broad sense than changes affecting all the popula-
tion, such as more positive attitudes towards persons with
disabilities. However, at this point we cannot be sure. Further
research, perhaps based on trends in cause-specific death
rates, would be helpful.

Accepted for publication 1st August 2000.

Acknowledgments
Provision of data from the California Departments of Developmental
Services and Health Services is gratefully acknowledged.

References

1. Eyman RK, Strauss DJ, Grossman HJ. (1996) Survival of children
with severe developmental disability. In: Rosenbloom L, editor.
Diagnosis and Management of Neurological Disabilities in
Childbood. Bailliere’s Clinical Pediatrics. London: Bailliere
Tindall Ltd. p 543-556.

2. Strauss D, Shavelle RM, Anderson TW. (1998) Life expectancy of
children with cerebral palsy. Pediatr Neurol 18: 143-149.

3. Blair E, Watson L, Badawi N, Stanley FJ. (2001) Life expectancy
among people with cerebral palsy in Western Australia. Dev Med
Child Neurol 43: 508-515.

4. Hutton JL, Cooke T, Pharoah POD. (1994) Life expectancy in
children with cerebral palsy. Br Med ] 309: 431-435.

5. Hutton JL, Colver AF, Mackie PC. (2000) Effect of severity of
disability on survival in north east England cerebral palsy cohort.
Arch Dis Child 83: 468-474.

6. Strauss D, Shavelle R. (1998) Life expectancy of adults with
cerebral palsy. Dev Med Child Neurol 40: 369-375.

7. DeVivo MJ, Ivie CS, I11.. (1995) Life expectancy of ventilator-
dependent persons with spinal cord injuries. Chest 108: 226-232.

8. DeVivo M, Stover SL. (1995) Long-term survival and causes of
death. In: Stover S, DeLisa J, Whiteneck G, editors. Spinal Cord
Injury. Gaithersburg, MD: Aspen. p 289-316.

9. Strauss D, Shavelle RM, Ashwal S. (1999) Life expectancy and
median survival time in the permanent vegetative state. Pediatr
Neurol 21: 626-631.

10. Smith CD, Othersen HB, Gogan NJ, Walker JD. (1992) Nissen
fundoplication in children with profound neurologic disability.
High risks and unmet goals. Ann Surg 215: 654-658;
discussion 8-9.

11. California Department of Developmental Services. (2005)
www.dds.cahwnet.gov/general/info_about_dd.cfm (accessed 26
July 2005).

12. World Health Organization. (1977) International Statistical
Classification of Diseases, Injuries and Causes of Death, 9th
Revision. Geneva: World Health Organization.

13. California Department of Developmental Services. (1986) Client
Development Evaluation Report (CDER). Sacramento, CA:
California Department of Developmental Services.

14. Harris CW, Eyman RK, Mayeda T. (1983) An Interrater Reliability
Study of the Client Development Evaluation Report. Final report

Survival in Cerebral Palsy David Straussetal. 91



to California Department of Developmental Disabilities, UCLA
Mental Retardation Research Center, Lanterman State Hospital.
Pomona, CA: California Department of Devolopmental Services.

15. Arias M, Ito E, Takagi N. (1983) Concurrent validity of the client
development and evaluation report. In: Silverstein AB editor.
Pacific State Archives VIII. Pomona, CA: University of California
at Los Angeles, Developmental Disabilities Immersion Program.
p 28-33.

16. Citygate Associates. (1998) Independent Evaluation of the
Department of Developmental Services Community Placement
Practices: Final Technical Report. Sacramento, CA: Citygate
Associates.

17. Cupples LA, D’Agostino RB, Anderson K, Kannel WB. (1988)
Comparison of baseline and repeated measure covariate techniques
in the Framingham Heart Study. Stat Med 7: 205-222.

18. Strauss D, Shavelle R, DeVivo M, Day S. (2000) An analytic method
for longitudinal mortality studies. J Insur Med 32: 217-225.

19. Hosmer DW, Lemeshow S. (2000) Applied Logistic Regression.
2nd edn. New York: Wiley.

20. McCullagh P, Nelder J. (1989) Generalised Linear Models. 2nd
edn. London: Chapman and Hall. Chapter 3.

21. Collett D. (1994) Modelling Survival Data in Medical Research.
London: Chapman & Hall. p 12, 79.

22. Anderson TW. (2002) Life Expectancy in Court: A Textbook for
Doctors and Lawyers. Vancouver: Teviot Press.

23. Strauss D, Vachon PJ, Shavelle RM. (2005) Estimation of future

mortality rates and life expectancy in chronic medical
conditions. J Insur Med 37: 20-34.

24. Day SM, Strauss DJ, Vachon PJ, Rosenbloom L, Shavelle RM,

Wu YW. Growth patterns in a California population of children
and adolescents with cerebral palsy. Dev Med Child Neurol
(Forthcoming)

25. Strauss D, Cable W, Shavelle R. (1999) Causes of excess mortality
in cerebral palsy. Dev Med Child Neurol 41: 580-585.

26. Bjornson KF, McLaughlin JE. (2001) The measurement of
health-related quality of life (HRQL) in children with cerebral
palsy. EurJ Neurol 8 (Suppl. 5): 183-193.

27.Vargus-Adams J. (2005) Health-related quality of life in
childhood cerebral palsy. Arch Phys Med Rebabil 86: 940-945.

28. Houlihan CM, O’Donnell M, Conaway M, Stevenson RD. (2004)
Bodily pain and health-related quality of life in children with
cerebral palsy. Dev Med Child Neurol 46: 305-310.

29. Liptak GS, O’'Donnell M, Conaway M, Chumlea WC, Worley G,
Henderson RC, Fung E, Stallings VA, Samson-Fang L, Calvert C,
etal. (2001) Health status of children with moderate to severe
cerebral palsy. Dev Med Child Neurol 43: 364-370.

30. Smith SW, Camfield C, Camfield P. (1999) Living with cerebral
palsy and tube feeding: a population-based follow-up study.

J Pediatr135: 307-310.

31. Shapiro BK, Green P, Krick J, Allen D, Capute AJ. (1986) Growth
of severely impaired children: neurological versus nutritional
factors. Dev Med Child Neurol 28: 729-733.

Fetal Brain Damage and Placenta

Managing Mystery llinesses —

Mac Keith Meetings

Forthcoming Meetings

SCOPE Anniversary Meeting — Cerebral Palsy after Age 40
The impact of impaired placental function on neurodisability and interventions to reduce it.

Specialty Treatment of Hard to Explain Symptoms
Health Issues for Child Refugees and Asylum Seekers

For further information contact: prukenyon@aol.com

13 February 2007

7 March 2007

30 April 2007

31 May 2007

92 Developmental Medicine & Child Neurology 2007, 49: 86-92



