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Long-term functional outcome in patients

with acquired infections after acute spinal

cord injury

ABSTRACT

Objective: To investigate whether prevalent hospital-acquired pneumonia and wound infection
affect the clinical long-term outcome after acute traumatic spinal cord injury (SCI).

Methods: This was a longitudinal cohort study within the prospective multicenter National Spinal
Cord Injury Database (Birmingham, Alabama). We screened datasets of 3,834 patients enrolled in
20 trial centers from 1995 to 2005 followed up until 2016. Eligibility criteria were cervical SCI
and American Spinal Cord Injury Association impairment scale A, B, and C. Pneumonia or postop-
erative wound infections (Pn/Wi) acquired during acute medical care/inpatient rehabilitation were
analyzed for their association with changes in the motor items of the Functional Independence
Measure (FIMmotor) Using regression models (primary endpoint 5-year follow-up). Pn/Wi-related
mortality was assessed as a secondary endpoint (10-year follow-up).

Results: A total of 1,203 patients met the eligibility criteria. During hospitalization, 564 patients
(47%) developed Pn/Wi (pneumonia n = 540; postoperative wound infection n = 11; pneumonia
and postoperative wound infection n = 13). Adjusted linear mixed models after multiple imputa-
tion revealed that Pn/Wi are significantly associated with lower gain in FIMotor Up to 5 years after
SCI (—7.4 points, 95% confidence interval [Cl] —11.5 to —3.3). Adjusted Cox regression iden-
tified Pn/Wi as a highly significant risk factor for death up to 10 years after SCl (hazard ratio 1.65,
95% Cl 1.26 to 2.16).

Conclusion: Hospital-acquired Pn/Wi are predictive of propagated disability and mortality after
SCI. Pn/Wi qualify as a potent and targetable outcome-modifying factor. Pn/Wi prevention consti-
tutes a viable strategy to protect functional recovery and reduce mortality. Pn/Wi can be consid-
ered as rehabilitation confounders in clinical trials. Neurology® 2017;88:892-900

GLOSSARY

AIS = American Spinal Cord Injury Association impairment scale; ASIA = American Spinal Cord Injury Association;
FIMmotor = motor items of the Functional Independence Measure; ISNCSCI = International Standards for Neurologic Clas-
sification of Spinal Cord Injury; NSCID = National Spinal Cord Injury Database; Pn/Wi = pneumonia or postoperative wound
infection; SCI = spinal cord injury.

Despite increasing translational efforts for developing new treatments for spinal cord injury
(SCI),"? a neurobiological remedy has not yet been established.’* Moreover, the rate of endog-
enous recovery can vary substantially regardless of similar lesion size and location, implying the
existence of outcome-modifying factors after SCI. Acquired respiratory infections™ are the main
cause of death after SCI” and the consecutively reduced life expectancy in patients with chronic
SCI has been refractory to improvement over the last 3 decades.®

The loss of CNS control over the peripheral immune system results in a SCl-induced immu-
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nodeficiency syndrome,’”"” which fosters susceptibility to SCl-associated infections.'® Besides

increasing mortality, acquired infections are associated with impaired neurologic recovery within
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the first year after SCI, as we demonstrated in
a previous study."” However, the long-term
effect of hospital-acquired infections on dis-
ability and mortality after SCI remains elusive.

Within a large prospective, multicenter,
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observational database, this cohort study

investigates whether infections with onset dur-
ing the initial hospitalization period restrict
the patients’ recovery of physical indepen-
dence. In particular, hospital-acquired pneu-
monia or postoperative wound infection
(Pn/Wi) are analyzed. Functional recovery
during 5-year follow-up is measured with the
motor items of the Functional Independence
Measure (FIM,,,o10r) as the most widely accepted
and applied instrument for comprehensive
assessment of rehabilitation outcome.?* Consid-
ering Pn/Wi-related deaths as a putative cause of
loss to follow-up, we analyze the infection-
associated mortality during a period of 10 years
post SCL.

METHODS Database information. The datasets were ob-
tained from the prospective multicenter National Spinal Cord
Injury Database (NSCID), Birmingham, Alabama. Data of pa-
tients with acute traumatic SCI were collected in specialized
SCI care centers (SCI model systems). Various procedures to
assure quality and validity of collected data have been described

in detail in the syllabus and in previous publications.”*~*

Standard protocol approvals, registrations, and patient
consents. The participating institutions’ Review Boards
approved the database and enrollment was performed in accor-
dance with the Declaration of Helsinki. The relevant data collec-
tion syllabuses 20002005 and 2006-2011 as well as the case
report forms are available on the NSCID website (nscisc.uab.edu/
nscisc-database.aspx). All participants were informed about the

aim of the study and gave their written informed consent.

Eligibility criteria. The process of dataset selection according to
predefined criteria is illustrated in the enrollment chart (figure 1A).
Patients with acute traumatic SCI were assigned to longitudinal
follow-up according to the NSCID condition of admission within
24 hours after injury. Datasets from patients enrolled from
January 1995 to December 2005 were screened. This time
period was determined by the NSCID data collection protocol:
(1) long-term follow-up of the FIM o0, as primary outcome
parameter was implemented in 1995 and (2) Pn/Wi as clinical
key parameters of the study were removed from the data collection
protocol in 2005.

Patients with cervical SCI and clear motor impairment as
defined by the American Spinal Cord Injury Association (ASIA)
impairment scale (AIS) grade A, B, or C were selected for the
analysis. The study population was confined to cervical SCI
and to AIS A-C severity in order to limit the otherwise huge
heterogeneity of the functional baseline after acute SCI and to
represent a relevant clinical cohort for interventional testing. Fur-
thermore, the selection of patients with cervical SCI with a clear
motor deficit prevents ceiling effects in the functional long-term

outcome measures most relevant for patients with AIS D.*#

Exclusion criteria were age <16 or >75 years, stay in hospital
or nursing home prior to injury, or rehospitalization for unspec-
ified infectious and parasitic diseases during follow-up. Further-
more, datasets with missing neurologic or functional baseline
examination at admission to acute medical care and to inpatient
rehabilitation were excluded. The AIS is also encoded as missing
if important medical conditions prevent International Standards
for Neurologic Classification of Spinal Cord Injury (ISNCSCI)
examination. Thus, serious concomitant injuries affecting the
level of consciousness such as severe and moderate traumatic
brain injury are excluded. In addition, datasets without any infor-
mation on Pn/Wi during the entire period of initial hospitaliza-

tion were excluded (figure 1A).

Assessments. The FIM,,o, assesses the degree of disability by
measuring the most common functional meaningful actions of
daily life (figure e-1 at Neurology.org) and correlates very
well with the SCl-specific Spinal Cord Independence Measure.>®
FIM p0t0r data were collected using observer’s ratings or structured
interviews as recommended by its developers.”” The FIM, o, items
were assessed at 4 subsequent time points during a follow-up period
of 5 years: at admission to inpatient rehabilitation (baseline), at
discharge from inpatent rehabilitation (discharge), at the first
annual examination after SCI (1 year), and at the 5-year
examination (5 years) after SCI (figure 1B). For patient
classification according to the ISNCSCIL** the injury severity
(AIS) and the neurologic level were assessed at admission to acute
care or inpatient rehabilitation. Furthermore, sociodemographic
and clinical baseline characteristics were collected.

Specific hospital-acquired infections documented in the
NSCID are pneumonia and postoperative wound infections. Pneu-
monia is defined as a state of lung tissue inflammation of infectious
etiology with radiographic demonstration of parenchymal disease.
Postoperative wound infection is defined as wound infection occur-
ring at the site of spinal surgery in reasonable relation to the date of
surgery. The onset of both types of infection must have been during
acute medical or surgical care or inpatient rehabilitation. Mortality
of the study participants was assessed using information on the date
of death, which is collected through various mechanisms such as
clinical records, obituary, returned mail, and regularly performed

social security death index queries.
q

Data processing. NSCID data are stored in 2 different sequen-
ces, form I variables (initial treatment up to discharge from inpa-
tient rehabilitation) and form II variables (long-term follow-up),
which were extracted by database request in August 2009 and
subsequently updated in October 2012 and merged into
a MySQL Database (version 5.5.8; Oracle Corporation,
Redwood City, CA) operating the programming language PHP
(version 5.3.4; The PHP Group).

For further data processing, the MySQL database was im-
ported into an SPSS (Chicago, IL) data file. Pneumonia or post-
operative wound infection documented at least once during initial
hospital care were combined into one variable for analysis
(Pn/Wi). From the 13 FIM, o, items, the FIM,, ..., total score
and 4 different FIM,, . subscores were calculated. Differences
between FIM,,0; at baseline and the follow-up assessments were
calculated. The single neurologic level was calculated from the side-
specific sensory and motor levels according to the ISNCSCI**
definitions. Neurologic level and AIS missing at admission to inpa-
tient rehabilitation were replaced by values collected at inclusion in
the NSCID.

Data on survival as of January 2016 were included into the
dataset. The survival was calculated as the time from date of

injury to date of death, censoring at 10 years after SCI at latest.
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[ Figure 1 Dataset selection and analysis chart

A

Datasets of patients enrolled into the longitudinal NSCID from 1995 to 2005 and followed up for 5 years

(N=3,834)
Excluded (n=2,407%):
»| ° Thoracic, lumbar or sacral neurologic
level (1,948)
\ 4 - AIS D (682)
Met selection criteria
(n=1,427)

Excluded (n=104%):
N Age <16 and >75 years (93)

Met eligibility criteria
(n=1,323)

* Unspecified infectious or parasitic diseases (8)
- Stay in nursing home or hospital before SCI (6)

Excluded (n=120*):
« Incomplete ISNCSCI assessment at
baseline (30)

v

* Missing FIM baseline (93)
* Missing data on infections between inclusion
and discharge (2)

Cervical SCI with complete functional and neurologic assessment (FIM, AIS and neurologic level) at baseline

(n=1,203)
Study population:
Without documented Pn/Wi (639) 2:2 g ((2213; Documented Pn/Wi (564)
AIS C (309)
FIM motor/subscores FIM motor FIM mo'tor . . Infecti iated
explorative analysis: linear mixed-model ?:::?iﬂ:g‘;;r |nfect||<?n-ass<|)c1a§ed n eﬁlg:;ﬁtssgc:ite
Haselined] £09) multiple imputation: multiple imputation: o P oratlve re ressioﬁ model
Discharge (1,172) Discharge (1,203) iiple Imp : analysis during gr
One year (720) One year (1,203) Discharge (1,203) 10-year during 10-year
: " ! One year (1,203) follow-up (1,203) follow-up (1,203)
Five years (393) Five years (1,203) Five years (1.203)
T T T
v A 4 v
FIM motor FIM motor Infection-associated

adjusted linear mixed-

linear mixed-model model complete case

complete case analysis:

_ analysis:
Discharge (1,172) Discharge (1,024)
One year (720) One year (678)
Five years (393) Five years (378)

mortality adjusted
Cox regression model
during 10-year
follow-up (1,090)

Admission to rehabilitation (baseline): 17 (9-31) days
Discharge from inpatient rehabilitation: 87 (61-122) days

FIM motor assessment points following spinal cord injury

One-year examination: 13 (12-15) months
Five-year examination: 62 (60-65) months

(A) Patients enrolled into the National Spinal Cord Injury Database (NSCID) within 1 day after spinal cord injury (SCI) were assigned to long-term follow-up. Datasets
from the NSCID collected between 1995 and 2005 comprise data on pneumonia or postoperative wound infection (Pn/Wi) and motor items of the Functional
Independence Measure (FIM) long-term outcome. Thus, those datasets were screened for eligibility. The data for statistical analysis were selected stepwise with
respect to quality aspects of the particular assessment tools, possible confounding factors, and the availability of key baseline data. The linear mixed regression
models were performed as a complete case analysis and—in order to control for attrition bias—after multiple imputation. *Total numbers may differ from subgroup
numbers because some items applied multiple times. (B) Assessment points following SCI are indicated representing medians and interquartile range. AIS =
American Spinal Cord Injury Association impairment scale; ISNCSCI = International Standards for Neurologic Classification of Spinal Cord Injury.
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Statistical analysis. The groups for statistical comparison were
defined as patients with Pn/Wi vs patients without Pn/Wi. The dis-
tribution of continuous variables was described as median and quar-
tiles. The Mann-Whitney test was applied to compare between the

groups. Categorical variables were reported as frequencies and
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percentages and compared using the x> test. Survival curves were
drawn using the Kaplan-Meier method. All analyses were
performed for the total study population and the AIS subgroups.

In order to correct for attrition bias, linear mixed regression

models were performed after multiple imputation. Multiple



[ Table 1

Baseline characteristics

Age, y, median (IQR)

Male sex, n/total n (%)

Caucasian, n/total n (%)

Working, n/total n (%)

High school or university, n/total n (%)
AIS A, nftotal n (%)

AIS B, nftotal n (%)

Baseline characteristics and clinical data

AIS C, n/total n (%)
Neurologic level C1-C4, n/total n (%)
Neurologic level C5-C8, n/total n (%)

FIMmotor, median (IQR)

Without Pn/Wi Pn/Wi p Value
35 (23-48) 34 (24-48) 0.92
494/639 (77.3) 470/564 (83.3) 0.009
401/612 (65.5) 363/548 (66.2) 0.80
440/587 (75.0) 363/503 (72.2) 0.30
412/578 (71.3) 321/480 (66.9) 0.12
261/639 (40.8) 370/564 (65.6) <0.001
157/639 (24.6) 106/564 (18.8)

221/639 (34.6) 88/564 (15.6)

266/639 (41.6) 329/564 (58.3) <0.001
373/639 (58.4) 235/564 (41.7)

13 (13-20) 13 (13-14.75) <0.001

Abbreviations: AIS = American Spinal Cord Injury Association impairment scale; FIMotor =
motor items of the Functional Independence Measure; IQR = interquartile range; Pn/Wi =
pneumonia or postoperative wound infection.

The Mann-Whitney test was applied for age and FIM,otor; the x2 test was used for the other

imputation®** was regression-based and performed in the anal-
ysis dataset (n = 1,203, figure 1A). FIM,, o, at different time
points was imputed using linear regression. Ethnic group, marital
status, working status, and educational level were imputed using
logistic regression. Pn/Wi, age, sex, AIS, neurologic level, and
FIM pocor at baseline were used as predictors in the missing model
but not imputed as they had no missing values. The imputation
sequence was Pn/Wi, age, sex, ethnic group, marital status, work-
ing status, educational level, AIS at baseline, neurologic level at
baseline, FIM,, o, at baseline, FIM 010, at discharge, FIM 010, at
1 year, FIMyoc0r at 5 years. Twenty-five imputations were per-
formed and standard errors, including the variation between the
imputation steps, were obtained from the SPSS module. A
sensitivity analysis was done for cases with complete data (com-
plete case analysis). The linear mixed regression models were
calculated with random intercept and FIM,;,qc0; as dependent
variable, 4 time points (baseline, discharge, 1-year follow-up,
5-year follow-up) with time vs Pn/Wi interaction as primary
parameter of interest, and baseline as reference category. The
models were adjusted for FIM, o, score at baseline and were
sequentially adjusted and stratified for AIS and further adjusted
for neurologic level, age, ethnic group, and working status. For
the tests of a time vs Pn/Wi interaction after multiple imputa-
tion, the pooled parameter vectors and the within and between
variation covariance matrices were transferred from the SPSS
output into an R script to perform a multivariate Wald test as
described in the textbook by van Buuren,*® section 6.3.1.

For survival analysis, Cox regression models were adjusted
and stratified for injury severity (AIS) and subsequently adjusted
for neurologic level, age, working status, and educational level.

All tests were 2-sided and the level of significance was 0.05.
Correction for multiple comparison was applied using the Bon-
ferroni method. Data processing and statistical analyses were per-
formed with SPSS Statistics for Windows (version 22.0; IBM,
Armonk, NY) and RStudio (version 3.3.0) using syntax files that
allow for an exact reproduction of the variable transformation, da-
taset selection, and analysis based on the merged dataset. Graphs
were drawn using SPSS and Prism for Macintosh (version 5.0;

GraphPad Software, La Jolla, CA).

RESULTS Dataset characteristics and clinical data.
Datasets of 3,834 patients with SCI were enrolled
in the longitudinal NSCID database between 1995
and 2005 (figure 1A). After application of the eligi-
bility criteria, 1,203 datasets from patients with cer-
vical SCI of AIS grades A, B, and C recruited in 20
SCI centers between January 1995 and December
2005 were included in the analysis. The FIM,,qc0;
was followed up for 5 years after SCI undl July
2011 and the survival status up to 10 years after
SCI until January 2016.

During acute medical and rehabilitative inpatient
care, 564 patients (47%) developed Pn/Wi. Within
this group, 540 are classified as pneumonia, 11 as
postoperative wound infection, and 13 as pneumonia
and postoperative wound infection.

The baseline characteristics of patients with or with-
out Pn/Wi are similar in terms of age, ethnic group,
working status, and educational level (table 1). The
groups reveal a statstical difference for the following
characteristics: sex, AIS, neurologic level, and FIM at
baseline, particularly with higher and more severe
lesions in the group with Pn/Wi (table 1).

Differential functional outcome after SCI measured
by FIM,,, items. The association of Pn/Wi with
FIM 10¢0: recovery was evaluated at 3 different follow-
up time points (figure 1B) up to 5 years post SCL

Patients without Pn/Wi have significantly higher
differences from baseline in FIM,,,,., total score com-
pared to patients with Pn/Wi at discharge (figure 2).
The differences between the groups become larger at
1 year and remained highly significant at 5 years
(median [interquartile range] control 41 [15.5-
63] vs Pn/Wi 18.5 [9-48.25]). Stratification for
AIS reveals clearly significant intergroup differences
for AIS A up to 5 years (control 32 [10-51] vs Pn/Wi
15 [5-28.25]). The groups without and with Pn/Wi
are significantly different at discharge also in the
AIS B (control 24 [11.5-40] vs Pn/Wi 14.5 [5.25—
28.75]) and AIS C strata (control 36 [20-49] vs
Pn/Wi 25.5 [8-39]). During further follow-up, no
statistically significant intergroup differences were
observed in the AIS B and C subgroups (figure 2).
The FIM,,,010r subscore analysis demonstrates a recov-
ery pattern comparable to the FIM|, o, total score
evaluation in all groups (figure e-2).

The baseline only adjusted linear mixed regression
model with the FIM, o, total score as a dependent
variable calculated in the total sample reveals a highly
significant association between Pn/Wi and impaired
FIM,,,0t0r recovery at all follow-up time points (table e-1)
after multiple imputation up to 5 years (—16.2 points,
95% confidence interval [CI] —20.1 to —12.3) as
well as in the complete case analysis (—13.4 points,

95% CI —16.6 to —10.1).
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Figure 2

Differential recovery of motor items of the Functional Independence Measure (FIM,..,) total score up to 5 years in the total sample

and stratified for lesion severity (American Spinal Cord Injury Association impairment scale [AIS])

] without Pr/wi
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Differences from FIMotor baseline (median) at admission were compared between patients with and without documented pneumonia or postoperative
wound infection (Pn/Wi) at discharge, 1 year after spinal cord injury (SCI), and 5 years after SCI. FIMotor Was significantly reduced in the Pn/Wi group in the
total sample and in AIS A at all time points up to 5 years, whereas in AlS B and C, statistical significance was only transiently present. Sample size: FIMyot0r
score at discharge (d), 1 year, and 5 years: (d) n = 619 without Pn/Wi, n = 553 with Pn/Wi; (1 y)n = 398,n = 322;(5y)n=217,n=176.AISA: (d) n = 251,
n=363;(1y)n=163,n=205;(5y)n=91,n=118.AISB:(d)n=149,n=104;(1y)n=103,n=61;(5y)n=55,n=35.AISC:(dn=219,n=86;(1y)
n=132,n=>56;(5y)n=71,n=23.Boxes are plotted as median and interquartile range; whiskers are defined according to Tukey and outliers are indicated
by dots. Mann-Whitney test statistical significances are corrected using the Bonferroni method: *p < 0.05, **p < 0.01, ***p < 0.001.
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The model adjusted for AIS, neurologic level, and
sociodemographic variables (table 2) corroborates
a clearly significant association of Pn/Wi with
reduced FIM,,oi0r fecovery up to 5 years in the total
sample after multiple imputation (—7.4 points, 95%
CI —11.5 to —3.3) and in the complete case analysis
(—5.2 points, 95% CI —8.4 to —2.0). In the baseline
only adjusted model (table e-1) and at all subsequent
steps of adjustment (table 2) time vs Pn/Wi interac-
tions are highly significant after multiple imputation
and in the complete case analysis.

Stratification of the model for AIS indicates within
the AIS A stracum that Pn/Wi is associated with signif-
icantly impaired FIM,, o, tecovery up to 5 years after
multiple imputation and in the complete case analysis.
This association reaches statistical significance after
multiple imputation in the AIS B stratum at 5 years
and a nonsignificant association in AIS C. This is not
observable in the complete case analysis (table 2).

Infection-associated mortality. The in-hospital mortality
is low in groups with (7 of 564; 1.2%) and without (2
of 639, 0.3%) Pn/Wi and not significantly different
between the groups (p = 0.09). Long-term survival
curves indicate a higher cumulative mortality in the
group of patients with Pn/Wi compared to patients
without Pn/Wi in the total population and in the AIS
subgroups during the observation period of 10 years
(figure 3). The Cox regression revealed that Pn/Wi is
associated with mortality in the total sample (table e-2).

Neurology 88 February 28, 2017

This was confirmed after adjustment for the AIS
(hazard ratdo [95% CI] 2.08 [1.63-2.60], p <
0.001). Stratification for AIS subgroups demonstrated
a Pn/Wi-associated mortality for AIS A and B (table
e-2). After subsequent adjustment for AIS, neurologic
level, and sociodemographic variables, Cox regression
demonstrated a statistically significant association of
Pn/Wi with mortality in the total sample during 10
years (1.65 [1.26-2.16], p < 0.001). In the AIS
strata, a statstically significant association was
detectable for AIS A patients (table e-3).

DISCUSSION This study provides the first evidence
that Pn/Wi acquired during initial hospitalization after
SCI sustainably affect the recovery of physical indepen-
dence and long-term survival. Within regression
models, adjusted for the most consistent predictors of
functional restoration after acute traumatic SCIL>" we
demonstrate that Pn/Wi are a risk factor for poorer
gain in the FIM, - This is supported by the
results of subgroup analyses, stratified for SCI severity
by the AIS. Thus, the complementary assumption
that the reduced recovery in FIM,,, is attributable
to the baseline differences between the groups with and
without Pn/Wi is less likely. The observed shrinkage of
effect sizes after subsequent model adjustment was
expected, because the AIS and the neurologic level are
highly predictive of functional recovery.”!

Moreover, differences in FIM, ;o recovery between

the groups mainly caused by baseline-dependent



Table 2

for neurologic level and sociodemographic covariates

Total sample
Multiple imputation
Complete case

Adjusted for AIS
Multiple imputation
Complete case

AIS A
Multiple imputation
Complete case

AIS B
Multiple imputation
Complete case

Als C
Multiple imputation

Complete case

Time vs Pn/Wi
interaction (df 3);
p value

Discharge

One-year

Decrease in motor items of the Functional Independence Measure (FIM,otor) associated with infection: Linear mixed model adjusted

Five-year

Coefficients
(95% CI); p value

Coefficients
(95% CI); p value

-12.2 (-15.1 to —9.4); <0.0001>

-11.9 (-14.6 to —9.2); <0.0001°

—4.8 (-7.6 to —2.0); 0.000855°

—5.4 (-7.9 to —2.9); <0.00012

—4.7 (-8.3 to —1.1); 0.011¢

—7.0(-10.0 to —4.1); <0.00012

-5.8(-11.2 to —0.4); 0.034

—4.8(-10.5 to +1.0); 0.105

Coefficients
(95% CI); p value

—14.5 (-18.4 to —10.5); <0.0001°

-12.0 (-15.3 to —8.6); <0.0001°

—7.4 (-11.5 to —3.3); 0.000648°

—5.2(-8.4 to —2.0); 0.00128°

—6.7 (-11.9 to —1.4); 0.014¢

—8.0 (-11.5 to —4.4); <0.00012

—9.5(-15.6 to —3.3); 0.003

—2.9(-10.3 to +4.4); 0.43

<0.0001= —8.8(-11.2 to —6.4); <0.00012
<0.00012 -8.9 (-11.2 to —6.6); <0.0001>
<0.0001= —4.4 (-6.7 to —2.2); 0.000136°
<0.0001= —4.4(-6.6 to —2.3); <0.0001>
0.018¢ -3.4 (-6.2 to —0.6); 0.018
<0.0001= —3.5(-6.0 to —1.1); 0.00525¢
0.015¢ -5.2(-10.2 to -0.3); 0.037
0.30 —4.1(-9.1 to +0.9); 0.109
0.104 -6.0 (-11.4 to —0.5); 0.032
0.109 -6.1(-11.4 to —0.8) 0.0242

-3.7(-9.7 to +2.4); 0.22

-1.2(-7.2to +4.8); 0.70

—-6.9 (-13.6 to —0.2); 0.044

0.5(-8.2to +9.3); 0.91

Abbreviations: AIS = American Spinal Cord Injury Association impairment scale; Cl = confidence interval; Pn/Wi = pneumonia and/or postoperative wound

infection.

Linear mixed regression model with random intercept and FIM.tor @s dependent variable, 4 time points (baseline, discharge, 1-year follow-up, 5-year
follow-up) with time vs infection interaction as primary parameter of interest, and baseline as reference category, analysis based on multiple imputation
(primary analysis) and complete case analysis (sensitivity analysis). Each model was adjusted for sociodemographic variables (age, ethnic group, working
status before injury) and neurologic level. The models were calculated without adjustment for AIS (row 1), and subsequently further adjusted (row 2) and
stratified for AlS (rows 3-5). In the models using multiple imputation, relative efficiency was larger than 0.97, indicating a sufficient number of imputations
(n = 25). The fraction of missing information was between 0.008 and 0.031 for discharge, 0.169-0.403 for 1-year follow-up, and 0.383-0.714 for 5-year
follow-up. Thus for 5-year follow-up results depend strongly on the method of imputation (van Buuren3°®*2). Statistical significances are corrected using
the Bonferroni method: ?p < 0.001; °p < 0.01; °p < 0.05.

compensation’ can be ruled out through linking the
results of this study on FIM |4, recovery to the results
of a previous study on neurologic outcome, particularly
in the ASIA motor score. The differences in FIM,,qc0r
recovery between patients with and without Pn/Wi
detected in this study are in line with published evidence
demonstrating impaired ASIA motor score recovery in
patents with Pn/Wi compared to patents without
Pn/Wi in the previous study.'” Despite not being
population-based, the epidemiologic data and endoge-
nous recovery profiles documented in the NSCID are

3,4,32 and

consistent with other large SCl-specific datasets
represent the best evidence available to identify
disease-modifying factors in SCI at present. The lim-
itation of attrition bias due to loss to follow-up was
addressed by multiple imputation, which has been
recommended as being more valid than dropping
incomplete cases.”” The results of the fully adjusted
linear mixed regression model after multiple imputa-
tion are in line with those of the complete case anal-
ysis in the total sample during the complete follow-up
period. Stratification of the regression models for AIS
revealed an attrition bias in the strata of incomplete

SCI (AIS B and C). This is irrelevant for the stratum of
complete SCI (AIS A). Here, multiple imputation and
complete case analysis are matching. In patients with
incomplete SCI, the association of Pn/Wi with
decrease in FIM,, o0 Observed after multiple imputa-
tion at 5 years is not detectable in the complete case
analysis. The higher variation of outcome® and the
lower sample size in the AIS B and C strata make
these groups more susceptible to attrition bias. This
is probably also related to increased loss to follow-up
due to mortality of more severely affected patients in
the group with Pn/Wi (figure 3). The explorative
survival analyses of the AIS subgroups indicate a non-
significant association of Pn/Wi with mortality also in
patients AIS B and C.

Pn/Wi is associated with a loss of approximately 7
points in the 5-year follow-up FIM,4cr» which can,
for example, make the difference between no assis-
tance and full assistance in one of the 13 FIM,,qcor
items (figure e-1). This effect can be attributed
mainly to pneumonia rather than to postoperative
wound infections, because the rate of wound infec-
tions is low in this study. Notably, ubiquitous urinary
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[ Figure 3 Infection-associated mortality ]

A B

== Without Pn/Wi

1.0 1.0 1 :
= Pn/Wi
a g 0.9 g 0.9 1
<< c =
© 3 < 3
< 2 0.8 w2 084
T S < 3
- :
(@) 3 0.7 3 0.7
0.61 0.6 A
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Pr/Wi Years after SCI B Years after SCI
Number of No 564 510 473 450 438 421 403 391 370 335 327 Number of No 261 248 237 232 228 225 215 205 203 203 189

remaining cases ves 639 608 575 560 554 542 515 495 488 482 458  remaining cases

C D

Yes 370 338 310 290 282 273 258 248 235 223 204

10 14
= 09 = 09
2 >
2 2
oM ? o 3
% g 08 o 208
< 5 < %
=3 =3
£ =
3 07 3 07
0.6 0.6
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
B Years after SCI Pr/Wi Years after SCI
Numberof No 157 147 140 134 133 131 126 121 120 118 113 Number of No 221 214 198 194 193 186 174 169 165 161 156

remaining cases  vos 105 94 90 89 85 82 81 81 76 73 66  CNANNOCASES  ves g3 73 73 71 71 66 64 62 59 59 57

Kaplan-Meier curves indicate an increased cumulative mortality for patients with pneumonia or postoperative wound infection (Pn/Wi) in the overall popu-
lation (A) and subsequent stratification for injury severity (B-D) during the 5-year follow-up. Sample size: number of events of death, number of patients. (A)
Total sample (American Spinal Cord Injury Association impairment scale [AIS] A-C): n = 294, n = 1,203; (B) AISA:n = 182,n = 631; (C)AISB:n = 56,n =
263; (D) AIS C: n = 56, n = 309. SCI = spinal cord injury.
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tract infections are not encoded in the NSCID and
thus could not be taken into account. The observed
effects might be even stronger if all infections could
be excluded from the group without Pn/Wi.
Hospital-acquired Pn/Wi have extended effects
beyond neurologic impairment after cervical SCI and
are potent denominators associated with poor long-
term recovery of physical independence. Consequently,
Pn/Wi qualify as targetable disease-modifying factors
after SCI. Moreover, hospital-acquired Pn/Wi during
the first months after SCI are associated with long-
term mortality thereafter independent of baseline char-
acteristics such as age, lesion level, and severity.
Considering patients with SCI to be at risk for
developing infections encourages a rethinking of treat-
ment algorithms to improve medical care. The
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development of early diagnostic tools will be instru-
mental to inform effective, individualized preventive
therapeutic strategies (precision medicine).** It is war-
ranted to extend from preventive antibiotic treatment
regimens as being ineffective in reducing infection rates
or improving outcome after ischemic CNS injury.>
We provide evidence for considering infections as
rehabilitation confounders® of relevance for patdent
stratificadon in clinical trials and the protection of
endogenous recovery potential after SCI.
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