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Abstract
Background/Objectives: To evaluate the relationship between the severity of cervical spinal cord injury
(SCI) (American Spinal Injury Association [ASIA] grade), presence of neurogenic shock, and timing of surgical
intervention. This is a post-hoc analysis from the Sygen multicenter randomized controlled trial.

Methods: Blood pressure (BP) and heart rate (HR) data were collected when patients were first assessed in
the emergency room (Time A) and at the time of randomization (Time B). Individuals were subdivided by
ASIA grade and by the level of the systolic BP (SBP).

Results: Only individuals with cervical SCI from the Sygen trial (n¼ 577) were evaluated. Severe complete
SCI (ASIA grade¼A) was established in 57% of these patients. A total o f 74 (13%) patients with neurogenic
shock (SBP , 90 mmHg) at Time A were identified. The SBP increased significantly from Time A to Time B (P
, 0.0001). The median time from SCI to surgical intervention, for ASIA A, was 80.9 hours for patients with
initial SBP , 90 mmHg and 58 hours for patients with initial SBP � 90 mmHg (P ¼ 0.025). Multivariable
analysis after adjusting for confounders revealed a statistically significant difference in the time to surgical
intervention based on SBP for ASIA A (P ¼ 0.026), yet not for ASIA B or C/D.

Conclusions: The presence of neurogenic shock was associated with a delay in the timing of surgical
intervention in patients with cervical SCI. Detailed evaluation of autonomic dysfunctions following SCI
including cardiovascular instability could improve our understanding of the complexities of clinical
presentations and possible neurological outcomes.
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INTRODUCTION
Acute injury to the spinal cord in humans, especially at
the cervical level, results in severe hypotension and
persistent bradycardia that are common components of
the phenomenon known as neurogenic shock (1,2). This
event is more profound and long lasting in humans after
spinal cord injury (SCI) than in experimental animals (3).
In addition to neurogenic shock, the acute phase of SCI is
also associated with ‘‘spinal shock’’ (4,5). Some authors
use these terms interchangeably; however, it is important
to recognize that these are 2 clinically important and
distinct conditions. Neurogenic shock is characterized by
changes occurring in blood pressure control following

SCI, whereas spinal shock is characterized by a marked
reduction or abolition of sensory, motor, or reflex
function of the spinal cord below the level of injury (4).

Low arterial blood pressure (BP) and the presence of
neurogenic shock (BP , 90 mmHg) after SCI may result
in ischemia of the spinal cord and are potential
contributing factors to the cascade of the secondary
mechanisms involved in further damage of fragile
neuronal tissue (6,7). Hypoperfusion of the spinal cord
could result both from low systolic BP (SBP) and from
mechanical compression of the spinal cord (8–10).
Increases in systemic blood pressure may improve
perfusion to the injured, distorted spinal cord (11–13).
Several contemporary series of spinal cord injured
patients treated with aggressive medical management
with maintenance of mean arterial blood pressure in the
high normal ranges (85–90 mmHg) have suggested
improved neurological outcomes with this management
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plan (13–15). Presently, there is no consensus as to
whether it is better to achieve surgical decompression of
the spinal cord early or to postpone the procedure until
patients are more stable (16,17).

Many clinical and experimental studies in the area of
SCI have been predominantly focused on evaluation of
motor and sensory consequences of this devastating
injury. The present analysis was performed to examine
the association between the timing of surgery and the
severity of hemodynamic instability in the acute period
following cervical SCI (18). First, we evaluated whether
the hemodynamic parameters varied according to the
severity of the injury. Second, we examined the change
in the hemodynamic parameters over time between the
time of the first emergency room assessment to the time
of randomization. Finally, we evaluated whether the time
from injury to surgical intervention was affected by the
presence or absence of neurogenic shock in patients with
different severities of cervical SCI.

METHODS
A post-hoc analysis from the Sygen multicenter random-
ized controlled trial (18) was performed to evaluate the
relationship between the severity of SCI (American Spinal
Injury Association [ASIA] grade) and cardiovascular
parameters in patients with cervical SCI. The ASIA grades
were categorized into motor and sensory complete ASIA
A, motor complete ASIA B, and motor incomplete ASIA
C/D (19). Similar to previous analyses of Sygen trial
patients, ASIA C/D were combined in 1 group due to the
very small numbers in ASIA D (20). The Sygen trial
excluded patients who had severe thoraco-abdominal
injuries that precluded the ability to determine the ASIA
grade (21).

For this study, we obtained descriptive statistics
regarding the systolic BP, diastolic BP (DBP), and heart
rate (HR) recorded at different times in the Sygen study.
The data were obtained at the time of the first emergency
room admission, at the Sygen center (which may have
been the first emergency room), and at the time of
randomization. The hemodynamic parameters obtained
at each time point were recorded and used for analysis.
Data regarding management of hemodynamic parame-
ters by either volume substitution or vasopressors were
not evaluated in this study. Demographic data such as
the age and gender of the patient along with the cause of
injury (categorized into automobile accident, fall, gun-
shot wound, water-related injury, and other) were
collected. The severity of SCI, utilizing the ASIA scale,
was determined at different times during the Sygen
study. For purposes of this study, we used the first reliable
ASIA grade obtained for randomization (within 72 hours
post injury). Features regarding the spinal column injury
and subsequent treatment included presence of a spine
fracture, need for traction, anterior vs posterior surgical
approach, and the time from initial spine injury to
surgical intervention.

The analysis consisted of 3 components. The first part
evaluated whether the hemodynamic parameters varied
according to the severity of cervical SCI at different times.
The second aspect of the analysis evaluated the change in
the SBP, DBP, and HR over time. Lastly, the study
evaluated whether the time from injury to surgical
intervention was affected by the level of SBP (ie, presence
or absence of neurogenic shock, SBP , or � 90 mmHg)
in different severities of cervical SCI (22).

Hemodynamic Parameters and ASIA Grade
The first part of this study endeavored to determine
whether each of the hemodynamic parameters (SBP,
DBP, and HR) varied according to the severity of spinal
cord injury (ASIA grade).

The means and standard deviations for each of the
parameters were obtained for each of the ASIA grades
and at each of the time points. Hemodynamic parame-
ters in this study were measured at different time periods
from the time of initial evaluation after the injury to the
time of randomization. Time A reflected the time point of
measurements of BP and HR at the initial emergency
room, which may have been the Sygen center. Time B
was denoted as the time of evaluation of hemodynamic
parameters at randomization. One-way analysis of
variance (ANOVA) between group designs was used to
analyze the differences in the means of each parameter
for the ASIA grades. The Tukey-Kramer HSD (honestly
significant difference) was used to perform the multiple
comparisons between the groups (ASIA grade) for the
hemodynamic parameters.

Change in Hemodynamic Parameters Over Time
The second aspect of this study determined whether
there was a significant change in each of the hemody-
namic parameters over time. The univariate one-way
ANOVA (repeated measures design) was used to evaluate
the SBP, DBP, and HR.

Neurogenic Shock and Timing of Surgical
Intervention
The last component of the analysis involved subdividing
the data into cases with SBP of ,90 mmHg and cases
with SBP of �90 mmHg, at the time of the first
emergency room visit (Time A). Medians and standard
deviations were obtained for the hemodynamic param-
eters and for the hours from the time of injury to surgical
intervention. Data were also obtained on other variables
that may affect the time from injury to surgical
intervention. The distribution of the age of the patients,
gender of the patients, presence of spinal fracture, type of
surgical intervention (anterior vs posterior), requirement
for traction, and presence of an intermediate stopover
prior to arrival at the surgical center were also obtained.
The above was performed for each of the ASIA grades.
Cases were deleted for this aspect of the analysis if the
SBP at Time A was missing. The semiparametric log-rank
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statistic or the Wald statistic was performed for the time
to surgery from SBP and each of the potential confound-
ing variables for each of the ASIA grades (23).

All covariates that reached a statistical significance of
less than 0.2 or those that posed a clinical significance
were entered into the analysis. The analysis was

performed separately for each of the ASIA grades using
the nonparametric Cox proportional hazard model to
determine the significance of SBP in predicting time from
injury to surgery, after adjusting for the potential
confounding variables. The hazard ratios for the regres-
sion coefficients and their 95% confidence intervals (CI)

Table 1. Demographic and Clinical Data for Individuals With Cervical Spinal Cord Injury in the Sygen Study*

ASIA grade A 330 (57.2%)
B 113 (19.6%)
C/D 134 (23.2%)

Gender Male 460 (79.7%)
Female 117 (20.3%)

Age – median; range (N) 31; 11–69 years (577)
Injury cause Motor vehicle crash 312 (54.1%)

Fall 93 (16.1%)
Gunshot 14 (2.4%)
Water-related 80 (13.9%)
Other 78 (13.5%)

Direct admission to Sygen Center 224 (38.8%)
Presence of a spine fracture 462 (80%)
Need for traction 387 (67.1%)
Surgical approach

Anterior 282 (59.7%)
Posterior 184 (39%)

Hours from injury to surgery median; range (N) 66.9; 3–4094.6 (469)

*N, number of subjects included in the analysis.

Table 2. Changes in Hemodynamic Parameters Between Time A (Initial Time) and Time B (Randomization) in
Individuals With Different Severity of Cervical SCI in the Sygen Study*

(a) SBP

ASIA Time A� Time B�
A 112.2 6 24.7 (330) 121.4 6 18.9 (317)
B 110.5 6 22.1 (113) 126.2 6 19.4 (110)
C/D 117.6 6 22.6 (134) 130.2 6 22.3 (131)
ANOVA: P ¼ 0.0356 P , 0.0001

(b) DBP

ASIA Time A Time B�
A 67.1 6 16.4 (315) 63.4 6 14.0 (317)
B 68.8 6 16.2 (110) 65 6 12.6 (110)
C/D 70.8 6 17.3 (130) 68.6 6 13.4 (131)
ANOVA: P ¼ 0.0971 P ¼ 0.0011

(c) HR

ASIA Time A� Time B
A 73.2 6 17.5 (331) 73.1 6 15.6 (316)
B 75.5 6 18.6 (113) 71.8 6 14.1 (109)
C/D 77.9 6 15.4 (134) 72.9 6 15.8 (131)
ANOVA: P ¼ 0.0252 P ¼ 0.761

*Data presented as mean 6 SD (number of individuals with SCI). SCI, spinal cord injury; DBP, diastolic blood pressure; HR, heart rate;
SBP, systolic blood pressure; SD, standard deviation.
�Signifies a statistically significant difference in the ASIA grades among the various parameters.
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were obtained. The proportional hazard assumption was

assessed by determining the significance of an interaction

term of each variable of interest with time. The statistical

analysis was performed using the JMP (software by

Statistical Analysis System, Inc. Cary, NC).

RESULTS

The Sygen trial randomized a total of 760 patients from

28 centers in North America (18). The majority of the

individuals sustained cervical SCI (577, 75.9%) and were

included in the present study. The median age of the

Table 3. Demographic and Clinical Data for Individuals With Different Severities of SCI at Time A*

ASIA SBP , 90 mmHg SBP � 90 mmHg

(a) ASIA A

A Gender
Male 45 (95.7%) 223 (78.8%)
Female 2 (4.3%) 60 (21.2%)

Age, median 6 SD (N) 34 6 13.6 (47) 29 6 13.6 (283)
Cause of injury

MVC 29 (61.7%) 159 (56.2%)
Fall 9 (19.1%) 40 (14.1%)
Gunshot wound 2 (4.3%) 10 (3.5%)
Water related 0 41 (14.4%)
Other 7 (14.9%) 33 (11.7%)

SBP, median 6 SD (N) 78 6 10.9 (47) 115 6 20.5 (283)
DBP, median 6 SD (N) 53.5 6 14.3 (42) 70 6 15.3 (273)
HR, median 6 SD (N) 72 6 19.5 (47) 72 6 17.1 (283)
Direct admission to Sygen Center 14 (29.7%) 115 (40.6%)
Hours injury to surgery, median 6 SD (N) 80.9 6 677.8 (38) 58 6 386.7 (231)
Traction 32 (68%) 212 (74.9%)
Surgery 38 (80.9%) 234 (82.7%)
Spine fracture 38 (80.8%) 246 (86.9%)
Surgery type

Anterior 20 (52.6%) 133 (56.8%)
Posterior 17 (44.7%) 97 (41.5%)

(b) ASIA B

B Gender
Male 13 (76.5%) 75 (78.1%)
Female 4 (23.5%) 21 (21.9%)

Age, median 6 SD (N) 38 6 10.9 (17) 28 6 14.3 (96)
Cause of injury

MVC 11 (64.7%) 41 (42.7%)
Fall 3 (17.6%) 14 (14.6%)
Gunshot wound 0 1 (1%)
Water related 3 (17.6%) 25 (26%)
Other 0 15 (15.6%)

SBP, median 6 SD (N) 81 6 9.3 (17) 112 6 19 (96)
DBP, median 6 SD (N) 49 6 10.6 (16) 70.5 6 14.6 (94)
HR, median 6 SD (N) 73 6 24.9 (17) 73 6 17.4 (96)
Direct admission to Sygen Center 6 (35.3%) 40 (41.7%)
Hours injury to surgery, median 6 SD (N) 70.7 6 143.6 (13) 50.8 6 288.6 (84)
Traction 9 (52.9%) 64 (66.7%)
Surgery 13 (76.5%) 84 (87.5%)
Spine fracture 17 (100%) 75 (78.1%)
Surgery type

Anterior 10 (76.9%) 54 (64.3%)
Posterior 3 (23.1%) 30 (35.7%)
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cervical SCI sample population was 31 years (range 11–
69 y), with a predominance of males (79.7%) (Table 1).
Severe complete SCI (ASIA A) was diagnosed in 330
(57.2%) of these individuals. Incomplete SCI, ASIA B or
C/D, was present in 113 (19.6%) and 134 (23.2%)
patients, respectively. The major cause of injury was
motor vehicle crashes (MVCs), seen in 54.1% (312/577)
of cases. Sixty-one percent of patients stopped at an
intervening emergency room prior to transfer to the
Sygen center. Spine fractures were seen in 80% of
patients, and traction was required in 67.1%. Eighty-
two percent of the patients required surgical interven-
tion, with the median time from initial admission to
surgical intervention estimated at 66.9 hours.

Hemodynamic Parameters and Severity of SCI
At the time of arrival at the first emergency room (Time
A), the mean SBP was 112.2 mmHg for ASIA A, 110.5
mmHg for ASIA B, and 117.6 mmHg for ASIA C/D
patients (Table 2a). One-way ANOVA revealed a statisti-
cally significant (P¼0.036) difference in the mean SBP for
the different ASIA grades. At time A, the SBP was
significantly higher for the ASIA C/D group than the
ASIA B group (P ¼ 0.0356).

The DBP did not vary significantly according to the
severity of SCI at Time A (P ¼ 0.097). There was a
statistically significant difference in the DBP according to
severity of SCI at Time B (P¼ 0.0011, Table 2b). Tukey’s

HSD test revealed that ASIA C/D had a significantly
higher DBP than ASIA A at Time B. There was a
significantly lower HR for ASIA A than ASIA C/D at Time
A (P ¼ 0.025), yet this difference was not observed at
Time B (P ¼ 0.761, Table 2c).

Changes in Hemodynamic Parameters Over Time
From Time A to Time B, the hemodynamic parameters
showed improvement in all groups of individuals with
cervical SCI. Repeated measures analysis revealed a
statistically significant increase in SBP over time after
injury (univariate G-G epsilon, P , 0.0001). For example,
SBP in individuals with ASIA A SCI increased by 8.2% at
the time of randomization (from 112.2 6 24.7 mmHg to
121.4 6 18.9 mmHg, Table 2). However, HR decreased
significantly over time (univariate G-G epsilon, P ¼
0.0086). There was no significant change in the DBP
over time (P ¼ 0.15).

Neurogenic Shock and Timing of Surgical
Intervention
The last aspect of the analysis evaluated the effect of SBP
at admission on the timing of surgical intervention. A
total of 74 (13%) patients with neurogenic shock (SBP ,

90 mmHg) at Time A were identified (Table 3). There was
a significantly higher number of patients with neurogenic
shock in the ASIA A (17%) and B (18%) groups than in
ASIA C/D (7%) (Table 3). A predominant cause of the SCI

Table 3. Continued

ASIA SBP , 90 mmHg SBP � 90 mmHg

(c) ASIA C/D

C/D Gender
Male 7 (70%) 97 (78%)
Female 3 (30%) 27 (21.7%)

Age, median 6 SD (N) 35 6 12.8 (10) 38 6 14.5 (124)
Cause of Injury 5 (50%) 67 (54%)

MVC 0 0
Fall 3 (30%) 24 (19.4%)
Gunshot wound 0 1 (0.8%)
Water related 0 11 (8.9%)
Other 2 (20%) 21 (16.9%)

SBP, median 6 SD (N) 82.5 6 7 (10) 120 6 20.7 (124)
DBP, median 6 SD (N) 51 6 13 (10) 70 6 16.8 (273)
HR, median 6 SD (N) 74 6 19.8 (10) 76 6 15 (283)
Direct admission to Sygen Center 4 (40%) 45 (36.3%)
Hours injury to surgery, median 6 SD (N) 72.1 6 827.8 (8) 94.8 6 728.3 (95)
Traction 4 (40%) 66 (53.2%)
Surgery 8 (80%) 95 (76.6%)
Spine fracture 7 (70%) 79 (63.7%)
Surgery type
Anterior 6 (75%) 59 (62.1%)
Posterior 2 (25%) 35 (36.8%)

*SCI, spinal cord injury; MVC, motor vehicle crash; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate.
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in these individuals was MVCs. Spine fractures were seen
in 80% of the patients, traction was required in 56%, and
surgical interventions in 82%.

The median time from initial injury to surgery was
66.9 hours for patients sustaining a cervical SCI. The
median time from initial injury to surgery varied
according to the ASIA grade at randomization and SBP
at Time A. The median time to surgery for ASIA A patients
with SBP , 90 mmHg was 80.9 hours, which was
significantly greater than the 58-hour time to surgery for
ASIA A patients with a SBP � 90 mmHg (P¼0.025; Table
3a, and Figure 1). The time to surgery did not vary
significantly for ASIA B (P¼0.82) and ASIA C/D (P¼0.65)
patients according to SBP, based on bivariate analysis
(Table 3b and c and Figure 1). These results were
confirmed by multivariate analysis (Table 4). Some of the
covariates revealed to be statistically significant (P , 0.2)
included the age of the patient (P¼ 0.14), cause of injury
(P¼ 0.093), presence of traction (P¼ 0.026), presence of
a spine fracture (P ¼ 0.092), and type of surgery (P ¼
0.093) for ASIA B cases, while cause of injury (P¼ 0.099),
presence of a spine fracture (P ¼ 0.065) and type of
surgery (P ¼ 0.037) were also significant for ASIA C/D
cases. The clinical significance of these covariates in
predicting time to surgery is unclear in this post-hoc
analysis.

DISCUSSION
Spinal cord injury results in injury to the descending
pathways that are involved in autonomic control (24–
26). In particular, the loss of descending tonic sympa-
thetic control has been implicated as a major cause of the
cardiovascular instability during the acute posttraumatic
stage (27–29). Low arterial blood pressure and persistent
bradycardia are common features of the neurogenic
shock that occurs after injury to the spinal cord.

Previously, numerous investigators have examined
the effect of acute SCI on hemodynamic parameters in
humans. However, either the number of patients was
limited or the authors failed to evaluate the association
between the severity of SCI and cardiovascular abnor-
malities. Lehmann et al examined 48 consecutive
patients with cervical SCI and demonstrated that 68%
of patients with severe SCI were hypotensive (30). Levi et
al examined cardiovascular parameters in the acute
period of cervical SCI in 50 patients (13). Hypotension
was present in 23.6% (7 of 31) of patients with severe SCI
(Frankel A), and 9.1% (1 of 11) of patients with less severe
injuries (Frankel C/D). Recently, Bilello et al evaluated 83
individuals with cervical SCI and indicated that 29% had
experienced neurogenic shock in the acute period of SCI.
These authors also showed that there was no significant
difference in the presence of neurogenic shock between
patients with upper cervical SCI (C1–C5) and lower
cervical SCI (C6–C7), 31% vs 24%, respectively (31).
However, patients with upper cervical SCI had a greater
need for cardiovascular interventions (24%) than did
patients with lower cervical SCI (5%). Unfortunately, this
study did not comment on the severity of cervical SCI and
presence of neurogenic shock. In our study the total
number of individuals with neurogenic shock was 13%;
however, individuals with severe cervical SCI had a
frequency of neurogenic shock comparable to previous
reports. In our study, neurogenic shock was observed in
17% of individuals with ASIA A and in 18% of individuals
with ASIA B.

We have shown that the severity of cervical SCI
correlates with the severity of abnormal cardiovascular
control. We found that SBP measured at the first
emergency room assessment in individuals with ASIA B
was significantly lower than in individuals with less severe
SCI (ASIA C/D) (P ¼ 0.0356). We also found that
bradycardia was more pronounced in the early period
of SCI in individuals with ASIA A than in individuals with
ASIA B and C/D (P ¼ 0.0252). Although we do not have
the information on fluid management or vasopressive
drug use in these patients, our data showed that
hemodynamic parameters were improved significantly
in all patients by the time of randomization (Table 2).
Previously, we reported that baseline physiologic mea-
surements taken at the time of randomization were
improved from these study center admission values,
implying early treatment of hypovolemia and restoration
of blood pressure. This is presumably important in
preventing secondary physiologic injury early after SCI.
The EMT and SCI study centers have protocols for SCI
that call for early mechanical stabilization and resuscita-
tion (18). There were no significant differences in SBP,
DBP, and HR between the groups at the time of initiation
of drug therapy.

With respect to neurogenic shock, our study
indicated that total of 13% (74 of 577) patients with
cervical SCI suffered this condition. The majority of these

Figure 1. Effect of presence of neurogenic shock on time
of surgical decompression in patients with cervical SCI.
* represents a statistically significant difference (P ¼
0.025).
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patients sustained severe (14.5%, ASIA A) or moderate
(15%, ASIA B) injuries (Tables 3 and 4).

The authors of this study were aware that hypoten-
sion following SCI could be attributed not only to the
injury to the spinal cord, but also to associated traumatic
injuries resulting in hypovolemia. However, patients with
significant injuries to the chest, abdomen, or extremities
were excluded from the study (18).

Finally, we examined the association between the
presence of neurogenic shock and the timing of surgical
decompression in patients with cervical SCI in the Sygen

clinical trial. The rationale for this part of our study was
based on previous animal experimental data and
ongoing clinical discussion on value of acute decompres-
sion following SCI. Although no prospective clinical
studies have been conducted to assess the effect of
hypotension on acute SCI in humans, numerous exper-
imental studies in animals suggested that hypotension
contributes to the secondary injury after SCI (7,10).
Hypotension results in decrease of blood flow in the
spinal cord and consequent ischemia. Moreover, hypo-
tension in the acute period of SCI in animals is also

Table 4. Multivariate Analysis

Hazard Ratio 95% Confidence Intervals P Value

(a) ASIA A

SBP 0.82 0.68–0.98 0.026�
Other covariates
Age 1 0.99–1.01 0.70
Cause of injury

MVC 0.71 0.52–1.06 0.35
Fall 0.76 0.50–1.21
Gunshot wound 2.65 0.61–7.12
Other 0.98 0.65–1.54

Direct admission to Sygen Center (no) 0.98 0.86–1.11 0.72
Traction (none) 0.91 0.78–1.07 0.26
Spine fracture (none) 1 0.83–1.21 0.96
Surgery type (anterior) 1.08 0.94–1.23 0.27

(b) ASIA B

SBP 1.29 0.92–1.77 0.14
Other covariates
Age 0.97 0.95–0.99 0.0061�
Cause of injury

MVC 0.60 0.43–0.84 0.017�
Fall 1.68 1.04–2.61
Other 1.03 0.62–1.64

Direct admission to Sygen Center (no) 0.87 0.70–1.08 0.21
Traction (none) 1.35 1.07–1.69 0.011�
Spine fracture (none) 1.64 1.18–2.23 0.0039�
Surgery type (anterior) 1.25 0.99–1.60 0.057

(c) ASIA C/D

SBP 0.82 0.54–1.15 0.27
Other covariates
Age 0.99 0.98–1.01 0.60
Cause of injury

MVC 1.21 0.87–1.70 0.48
Fall 0.75 0.46–1.19
Other 1.18 0.75–1.82

Direct admission to Sygen Center (no) 1.14 0.91–1.43 0.26
Traction (none) 1.40 1.10–1.76 0.0058�
Spine fracture (none) 0.72 0.55–0.94 0.015�
Surgery type (anterior) 1.30 1.05–1.63 0.016�

*SBP, systolic blood pressure; MVC, motor vehicle crash.
�P , 0.05.
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associated with worsening of neurological recovery (32).
Our data showed that the median time from injury to
surgical decompression varied according to the severity
of SCI and presence of neurogenic shock. Patients with
severe SCI (ASIA A) and neurogenic shock on average
were operated on 30 hours later than patients with
similar injuries but without hypotension. A previous study
by the Sygen group had also shown that injury severity
affected timing to surgical decompression; ASIA B had
significantly earlier surgery than ASIA A and C/D (33).
The current study did not compare timing to surgery
based on injury severity, but compared timing based on
SBP for each of the ASIA grades separately. We also
acknowledge that other factors (differing physician
philosophies on optimal surgical timing) could also
influence the timing of surgical intervention (18). We
also acknowledge that these facts could contribute to
possible error in our analysis. However, this is not
random, but systematic to factors determining the care
of the patient and arising from the individual physicians’
judgment. It is potentially a source of bias, not random
error. A number of other covariates were also noted to be
statistically significant (such as age of the patient, cause
of injury, presence of traction and of a spine fracture).
The significance of these is unclear in this post-hoc
analysis.

CONCLUSION
This study presents a temporal evaluation of the
hemodynamic parameters in the acute period following
cervical SCI in the large group of patients involved in the
Sygen clinical trial. Hypotension and bradycardia were
predominant in the initial postinjury period in individuals
with severe SCI (ASIA A and B). Although significant
hypotension was initially present in all groups of patients,
the presence of neurogenic shock was significantly higher
in patients with ASIA A and B. Finally, our study showed
that presence of neurogenic shock was associated with
delay in the time of surgical intervention in patients with
SCI. In future studies, detailed documentation and
evaluation of autonomic dysfunctions following SCI
including cardiovascular instability could improve our
understanding of the complexities of clinical presenta-
tions and possible outcomes following SCI.
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