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Evaluating neurological group homogeneity in assessing the mortality
risk for people with spinal cord injuries
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A study of 3178 individuals injured in Britain between 1943 and 1990 and surviving the first
year post-injury was conducted to evaluate the homogeneity of mortality risk ratios within
groups based on varying degrees of neurological injury level and completeness of the injury.
The study shows that it is less than optimal to combine individuals into neurological
groupings of C1-C4 ABC, C5-C8 ABC and TI1-S5 ABC since the risk ratios are not
homogeneous within these groups. Similarly, combining individuals into neurological
groupings of tetraplegia complete, tetraplegia incomplete, paraplegia complete and paraplegia
incomplete may not be appropriate for the same reasons. The consequence of performing a
survival analysis using either of the traditional sets of groups is to dilute the risk ratios for a
subset of individuals within a particular group, thereby providing less discrimination between
neurological groups. Cox proportional hazards regression was employed to determine a set of
neurological groupings with homogeneous risk ratios within a group while providing better

differentiation between groups.
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Introduction

Recent analysis in spinal cord injury (SCI) research
describes categories of mortality risk obtained by
grouping individuals based on neurological function.
Individuals are combined into groups of varying
degrees of neurologic completeness and level of injury
and mortality risk is calculated for the group. But are
the mortality risks of the individuals comprising the
group homogeneous? That is, is the mortality risk
constant within each group?

Two traditional grouping schemes are applied to
evaluate the homogeneity of mortality risk. An
American study examined the following four classes
of neurological impairment: C1-C4 Frankel ABC;
C5-C8 Frankel ABC; T1-S5 Frankel ABC; and C1-S5
Frankel D.! A Canadian study categorized neurologi-
cal impairment as follows: complete tetraplegia;
incomplete tetraplegia; complete paraplegia; and
incomplete paraplegia.® The results of homogeneity
analyses of these groupings are provided and suggest
that an alternate grouping strategy be considered.

Subjects

The inclusion criteria for this study selected individuals
who sustained traumatic spinal cord injuries in the
years 19431990, and were seen for initial rehabilita-
tion within 1 year of injury at the National Spinal

Correspondence: JR Coll

Injuries Centre at Stoke Mandeville Hospital in
Aylesbury, England, or the Regional Spinal Injuries
Centre in Southport, England. Deaths occurring within
the first year following injury were excluded from this
study. A medical record review of both centers
identified 3178 eligible individuals. Follow-up proce-
dures yielded a 92.3% success rate in identifying
survival status as of 31 December 1992. The remaining
7.7% were classified as having withdrawn from the
study at the time of their last known date alive. The
sample for analysis was predominantly male (81.4%).
Fifty-seven percent were age 30 or younger at injury;
22.2% were between the ages 31-45; 14.1% were aged
46-60 and the remaining 6.7% were age 61 or older.

Methods and Results

To determine the homogeneity of mortality risk within
each neurological injury grouping, the sample was
segmented into subgroups. The study sample was
separated into twenty subgroups comprised of five
neurological groups (C1-C4, C5-C8, T1-T6, T7-L1 and
L2-85) by four Frankel classifications (A, B; C and D).
Cox proportional hazards regression®™* was employed
to determine the relative risk for each subgroup,

controlling for the effects of gender, age at injury, -

and decade of injury by treatment center. This analysis
was performed to quantify the mortality risk of the
twenty subgroups in the presence of these effects. Risk
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ratios (relative to the L2-S5 D subgroup) and number
in each subgroup are given in Table 1.

The risk ratio of 7.11 for the C1-C4 Frankel A
group indicates that this group has a mortality risk
7.11 times greater than the L2-S5 Frankel D reference
group. It is clear from the table that the higher and
more complete the injury, the higher the ‘mortality
risk. Conversely, lower, incomplete injuries are
associated with lower mortality risk. A risk ratio for
the C1-C4 B group could not be calculated since there
were no deaths in the five individuals comprising this
group.

The Wald test statistic was used to assess the
differences of risk ratios within a neurological group.
That is, it tests whether the risk ratios of the
subgroups comprising each group are too different
(statistically significant) to combine into a single
group. Combining subgroups that are not similar in
terms of their mortality risk will result in diluting the

Table 1 Mortality risk ratios relative to L2-S5 D reference
group

Injury Frankel classification
level A B C D
Cl1-C4 7.11 - 2.18 1.32
(55)* &) (74) (134)
C5-C8 3.42 1.53 2.16 1.21
(542) (48) (204) (331)
T1-T6 2.30 1.84 1.67 1.16
(393) (15) ©) (48)
T7-L1 1.96 1.69 0.89 1.31
(732) (42) (79) (219)
L2-S5 1.16 2.96 2.27 1.00
(109) (8) (14) (117)

*Number in parentheses indicates number of individuals in
subgroup

risk ratios associated with a particular group. Table 2
illustrates the results of this analysis, showing that the
risk ratios associated with the subgroups C1-C4A, Cl-
C4 B and C1-C4 C are not similar enough to combine
into the single group C1-C4 ABC (P=0.0022). The
same is true for the subgroups comprising the C5-C8
ABC group (P=0.0030) and the T1-S5 ABC group
(P=0.0142). The test for differences in risk ratios for
the subgroups comprising the C1-S5 D group is not
statistically significant (P=0.7812) indicating that the
group is homogeneous in terms of mortality risk, and
it is therefore appropriate to combine the C1-C4 D,
C5-C8 D, T1-T6 D, T7-L1 D and L2-S5 D subgroups
into a single group. In addition, tests for differences in
risk ratios for the groupings used in the Canadian
study indicate that the risk ratios of the subgroups for
the tetraplegia complete, tetraplegia incomplete and
paraplegia complete groups are not similar and should
not be combined. The subgroups comprising the
paraplegia incomplete group are homogeneous and
can be combined.

The relatively few individuals in the Frankel B and
C classifications compared to the number of indivi-
duals in the Frankel A and D classes may affect the
stability of the risk ratios and power of the Wald tests.
Recognizing this, a Wald test was performed to
determine if the Frankel B classification is different
from Frankel C. Hypothesis testing verified that the
Frankel B and C groupings were not statistically
different (P=0.6718) nor was any pair-wise test
between B and C for a given injury level (eg, C5-C8
B versus C5-C8 C). Therefore, the Frankel B and C
classifications were combined and the Cox propor-
tional hazards model was refit. The results of this
analysis are shown in Table 3, which lists the risk
ratios for each of the 15 subgroups controlling for
gender, age at injury and decade by treatment center
effects.

Table 2 Tests of homogeneity of risk ratios of the subgroups comprising a group

Group Null hypothesis df. p-Value*
C1-C4 ABC C1-C4A =Cl1-C4B=C1-C4C 2 0.0022
C5-C8 ABC C5-C8A =C5-C8B=C5-C8C 2 0.0030
T1-S5 ABC T1-T6A=TI1-T6B=TI1-T6C

=T7-L1A=T7-L1B

=T7-L1IC=L2-S5A

=L2-85B=L2-S5C 8 0.0142
CI-S5 D C1-C4D=C5-C8D=TI-T6D _

=T7-L1D=L2-85D 4 . 0.7812
Tetra Complete C1-C4A =C5-C8A 1 0.0118
Tetra Incomplete C1-C4B=C1-C4C=Cl1-C4D

=(C5-C8B=C5-C8C

=C5-C8D 5 . 0.0039
Para Complete T1-T6A =T7-L1A=L2-S5A 2 0.0034
Para Incomplete T1-T6B=T1-T6C=T1-T6D '

=T7-L1B=T7-L1C

=T7-L1D=L2-85B ;

=L2-S5C=L2-S5D 8 0.5288

*A P-value <0.05 indicates that the risk ratios for the subgroups are different



Table 3. Mortality risk ratios relative to L2-85 D reference
group (Frankel classifications B and C combined)

Injury Frankel classifications

level A B/C

Cl1-c4 117 2.15 1.32
(55)* (79) (134)

C5-C8 343 2.11 1.21
(542) (252) (331

TI-T6 2.30 1.79 1.16
(393) (24) (48)

T7-L1 1.96 1.18 1.31
(732) (121) (219)

12-85 1.16 2.51 1.00
(109) 22 (117)

*Number in parentheses indicates number of individuals in
subgroup

The results of the Wald tests to determine differences
among the mortality risk ratios within a group are
consistent with the previous findings; combining the
Frankel B and C classes did not change the outcome of
the tests for either of the two traditional schemes of
neurologic groupings. This suggests that there is a
better method for combining these subgroups to
achieve greater differentiation of the risk ratios
between groups while maintaining homogeneity of
risk ratios within groups. These risk ratio patterns
among these 15 subgroups indicates that mortality risk
generally increases with higher level injuries and more
complete injuries. Inconsistencies in this pattern may be
attributable to small numbers of individuals in a
particular subgroup (eg a higher than expected risk
ratio for the 22 individuals in the L2-S5 BC subgroup).

Taking advantage of the pattern of risk ratios, Cox-

proportional hazards regression was again employed.
Each subgroup’s risk ratio was compared to the next
higher and lower injury level subgroup and higher and
lower Frankel classification subgroup. For example, the
C5-C8 BC subgroup was compared to the following
four subgroups: C1-C4 BC, T1-T6 BC, C5-C8 A and
C5-C8 D. The pair of subgroups with the largest non-
significant P-value and in general, most similar risk
ratio, were combined. The model was refit and the
procedure repeated until subgroups could no longer be
combined (all pair-wise subgroup comparisons were
statistically significant). The results of this analysis are
presented in Figure 1. Differences in risk ratios for these
groups were evaluated using the Wald test. Since two of
the groups, C1-C4 A and C5-C8 A, consist of a single
subgroup, tests for differences in risk ratios for these
groups were not performed. Wald tests of the five
subgroups comprising the T1-L1A/C1-T6BC group and
the eight subgroups comprising the L2-S5A/T7-S5BC/
C1-S5D group verified that the mortality risks remained
homogeneous (P=0.8136 and P=0.7012, respectively).

To determine how well the neurological groups
presented in Figure 1 differentiate mortality risk, a
comparison of this new grouping with the two
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Figure 1 Mortality Risk for Proposed Groupings

traditional schemes is presented. Tables 4, 5 and 6
give the results of the Cox proportional hazards
regressions for the traditional American and Canadian
grouping schemes and for the newly proposed scheme.

Discussion

Mortality analysis for this British sample, based on the
traditional classification scheme employed in the
American study,! found that gender, neurological
injury level, age at injury, and decade of injury by
injury treatment center were significant predictors of
mortality risk. It was necessary to perform the British
mortality analyses using this classification scheme in
order to facilitate comparison with the American study.
However, based on clinical judgment, concern was
expressed that individuals with neurologically complete
injuries (ie, Frankel A) truly are different from
individuals ‘with sensory and/or non-functional motor
preservation (Frankel B and C). This concern prompted
the development of an alternative grouping scheme.
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Table 4 Results of Cox proportional hazards regression comparing the set of neurologic groups: C1-C4ABC, C5-CBABC, T1-

SSABC and C1-85D

Effect Risk ratio Lower 95%CL Upper 95%CL p-value
Neurological Group

C1-C4 ABC (n=134) 2.13 1.53 297 0.0001

C5-C8 ABC (n=1794) 2.24 1.85 2.70 0.0001

T1-S5 ABC (n=1401) 1.46 1.23 1.73 0.0001

All D (n=2849) 1.00

Gender

Male 1.23 1.03 1.48 0.0224
Female 1.00

Age ar Injury

(1 risk/year of age) 1.07 1.06 1.08 0.0001
Decade of Injury* Centre 1 Centre 2 Centre 1 Centre 2 Centre | Centre 2 Centre 1 Centre 2
1943-1952 ' 3.48 5.60 2.40 343 5.04 9.16 0.0001 0.0001
1953-1962 2.09 3.06 1.51 2.06 2.88 4.56 0.0001 0.0001
1963-1972 1.89 1.39 2.58 0.0001
1973-1982 1.50 1.09 2.05 0.0120
1983-1990 1.00

*Indicates statistically significant SCI centre mortality risk differences in first two decades of study

Table 5 Results of Cox proportional hazards regression comparing the set of neurologic groups: C1-C8A, C1-C8BCD, TI1-S5A

and T1-S5BCD

Effect _ Risk ratio Lower 95%CL Upper 95%CL p-value
Neurological Group

Cl-C8 A (n=597) 2.84 2.24 3.61 0.001

C1-C8 BCD (n=796) 1.22 0.98 1.52 0.0771

T1-85 A (n=1234) 1.56 1.28 1.91 0.0001

T1-85 BCD (n=551) 1.00

Gender

Male 1.16 0.97 1.38 0.1087
Female 1.00

Age at Injury

(Trisk/year of age) 1.07 1.07 1.08 0.0001
Decade of Injury* Centre 1 Centre 2 Centre 1 Centre 2 Centre ] Centre 2 Centre 1 Centre 2
1943-1952 3.35 5.60 2.32 3.43 4.84 9.16 0.0001 0.0001
1953-1962 1.90 2.75 1.38 1.86 2.62 4.08 0.0001 0.0001
19631972 1.75 1.29 2.37 0.0003
1973-1982 1.41 1.03 1.93 0.0312
1983-1990 1.00

*Indicates statistically significant SCI centre mortality risk differences in first two decades of study

The proposed neurological grouping provide better
differentiation of mortality risk for this population. As
demonstrated in Figure 1, the degree of completeness
of the injury (Frankel classification) has the greatest
influence on mortality risk at higher injury levels. At
lower injury levels, the degree of completeness has
little effect on mortality risk.

It should be noted that the construction of these
groups was arbitrary and may not be optimal since
there are many combinations of subgroups that could
have been combined. Categorization of injury level
into groups of C1-C4, C5-C8, T1-T6, T7-L1 and L2-
S5 were selected for ease of comparison to the
traditional methods. Further differentiation of these
groups may have yielded different results. For

example, DeVivo® found statistically significant differ-
ences in mortality risk for individuals with C1-C3, C4-
CS, and C6-C8 injury levels given equivalent Frankel
classifications.

This analysis demonstrates that the traditional
methods for neurological grouping may have undesir-
able properties for assessing mortality risk, since the
individuals comprising the groupings are not homo-
geneous. Each of the three methods indicate that the
effects of gender, age at injury and decade of injury by
treatment center remain fairly consistent suggesting
that comparisons of the sets of neurologic groups are
not confounded by these effects and are valid.

The proposed neurological grouping clearly discri-
minates between groups better than the other two
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Table 6 Results of Cox proportional hazards regression comparing the proposed set of neurologic groups: C1-C4A, C5-C8A,
T1-L1A/C1-T6BC and L2-85A/T7-S5BC/C1-85D

Effect Risk ratio Lower 95%CL Upper 95%CL p-value
Neurological Group

C1-C4A (n=155) 5.52 3.13 9.75 0.0001
(C5-C8A (n=3542) 2.80 2.28 343 0.0001

C1-T6 BC/T1-L1A (n=1480) 1.68 ' 1.44 1.95 0.0001
C1-S5D/T7-85

BC/L2-S5A (n=1101) 1.00

Gender

Male 1.21 1.01 1.45 0.0389

Female 1.00

Age at Injury

(frisk/year of age) 1.07 1.07 1.08 0.0001
Decade of Injury* Centre 1 Centre 2 Centre | Centre 2 Centre 1 Centre 2 Centre 1 Centre 2
1943-1952 3.67 5.64 2.54 3.46 5.30 9.20 0.0001 0.0001
19531962 212 3.10 1.54 2.08 292 4.60 0.0001 0.0001
1963-1972 1.89 1.39 2579 0.0001
19731982 1.47 1.07 2.01 0.0163
1983-1990 1.00

*Indicates statistically significant SCI centre mortality risk differences in first two decades of study

methods. In both traditional methods of neurological
grouping, the risk ratios associated with the C1-C4 A
group are diluted when combined with other groups.
Furthermore, the mortality risks of the C1-C4 ABC and
C5-C8 ABC groupings are counter to what might be
expected. The C1-C4 ABC group actually has a small
(nonsignificant) mortality advantage over the C5-C8
ABC group (2.13 and 2.24 for the C1-C4 ABC and C5-
C8 ABC groups respectively). However, when separat-
ing C1-4 A from C1-4BC, the pattern of mortality risk
is more clinically consistent, with the C1-4A group
having a higher risk than the C5-8A group.

In terms of mortality risk, it is clear that
neurological groups should be constructed such that
individuals with the highest, most complete injuries are
combined; individuals with high, complete injuries are
combined; individuals with intermediate levels of injury
level and completeness are combined; and individuals
with minimal deficit and lower, more complete injuries

are combined. The proposed negffologie; groupings

more closely meet this criteria & should be
investigated for use in mortality risk analysis.
This grouping scheme may not be appropriate if

mortality is being assessed from the'dax of. injury
rather than for first year survivors. In addition, since.
this grouping strategy has not been validated on an

independent sample, caution should be used when
applying this scheme to other populations. However,
Graves and Priebe’ have reported a greater degree of
homogeneity within patient groups using this proposed
strategy than with the classification used in the
previously mentioned American study when assessing
FIM scores.

A further caveat is that this study does not take into
account associated medical comorbidities often asso-
ciated with spinal cord injury, such as neurogenic
bladder, pressures sores, or autonomic dysfunction.

These complications, among others, are likely to impact
mortality. However, these factors would be difficult to
incorporate into a study such as this, considering the
variable lengths of time and severity each person
experiences a particular ¢omorbidity, different indivi-
dual responses to these comorbidities, and the number
of occurrences of a particular comorbidity.

Acknowledging the potential drawbacks of this
methodology, the results can still be clinically useful.
Further studies should be directed at confirming and
further refining the findings in this investigation, and
relating these findings to the major causes of
morbidity, with an eventual goal of establishing high
risk groups of individuals with SCI who require more
intensive preventative medicine strategies.
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