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Objective. To determine the influence of the urgency of performing surgical decompression of the spinal cord (SC) on the course of acute 

and early periods of complicated injury of the lower cervical spine.

Material and Methods. The results of treatment of 75 patients with acute complicated injury of the lower cervical spine with ASIA A and 

ASIA B severity of spinal cord injuries were retrospectively analyzed. Two groups were formed, depending on the timing of surgical de-

compression of the spinal cord after injury. Group I included 33 patients in whom the SC decompression was performed within the first 

eight hours after the injury, and Group II included 42 patients in whom the SC decompression was performed in more than eight hours 

after the injury. 

Results. The mean age of patients in Group I was 29 [25; 39] years, in Group II – 35 [30; 42] years (p = 0.129). There were 31 (94.0 %) 

male patients in Group I and 38 (90.5 %; p > 0.999) in Group II. The time from the moment of injury to decompression of the spinal cord 

was 6.1 [5.0; 7.5] hours in Group I and 16.9 [11.8; 39.6] hours in Group II (p < 0.001). Pneumonia developed in 55 % [38 %; 70 %] of pa-

tients in Group I and in 86 % [72 %; 93 %] of patients in Group II (p = 0.004). The duration of pneumonia in Group I was 18 [8; 20] 

days, and in Group II – 28 [20; 39] days (p < 0.001). It was shown that the risk ratio for developing pneumonia in patients with de-

layed decompression of the spinal cord was 2.08 [1.17; 3.67] times higher (p = 0.01). The duration of mechanical ventilation in Group 

I was 12 [7; 17] days versus 19 [11; 26] days in Group II (p = 0.001). Maintaining the target blood pressure levels ≥ 85 mm Hg was re-

quired in  73 (97.3 %) patients with a duration of hemodynamic support of 6 [3; 10] days in Group I versus 10 [5; 15] days in Group II 

(p = 0.019). It was shown that SC decompression within the first eight hours after injury reduced the proportion of patients with a SOFA 

score of  4 points or more by 20 % in the acute period and by 42 % by the fifth day of the early period of injury. Positive dynamic in neu-

rological status was recorded in 30.0 % [17.0 %; 47.0 %] of patients in Group I and only in 2.0 % [0.0 %; 12.0 %] of patients in Group II 

(p < 0.001). The duration of treatment in the ICU was 20 [16; 25] days in Group I and 29 [23.5; 41.75] days in Group II (p = 0.001). 

The total length of hospital stay was 38 [27; 46] days in Group I versus 57 [45.75; 67.50] days in Group II (p < 0.001). Mortality was re-

corded only in Group II and amounted to 5.3 %.

Conclusion. Decompression and stabilization surgery within the first eight hours after the injury, together with a complex of intensive 

care measures for acute complicated injury of the lower cervical spine have a significant positive effect on the course of the acute and early 

periods of traumatic SC disease.

Key Words: complicated spinal injury, spinal cord injury, respiratory complications, duration of mechanical ventilation, hemodynamic 

support, SOFA scale, mortality.
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Lower cervical spine injuries with spinal 
cord (SC) compression result in severe 
neurological impairment, and sometimes 
in fatal outcomes [1, 2]. Combined treat-
ment for such injuries always includes 
surgical interventions performed for 
decompression and stabilization. In aca-
demic literature, there are different opin-
ions on the optimal time for such inter-
ventions. There is an established view 

that the period of 24–36 hours is a criti-
cal time interval within which shortening 
of time to decompression can improve 
neurological outcomes, while delayed SC 
decompression causes a rapid and persis-
tent decrease in motor function recovery 
[3, 4]. Under the most recent guidelines, 
early SC decompression is required that 
is defined as surgery performed within 
24 hours after injury [5]. When analyz-

ing the effect of SC decompression time 
on clinical outcomes in patients with SC 
injury, most researchers consider chang-
es in neurological status over time [4, 6]. 
Thus, Burke et al. [7] compared the effi-
cacy of decompression performed within 
12 hours, 12–24 hours, and later than 24 
hours after injury. 88.8 % of patients who 
underwent surgery within 12 hours dem-
onstrated the regression of neurologi-
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cal impairment at discharge vs 38.4% of 
patients who received delayed SC decom-
pression. The results of meta-analyses 
published in 2020 and 2021 indicate the 
efficacy of SC decompression performed 
within 8 hours after injury, with no 
increase in the number of complica-
tions and the duration of total hospi-
tal stay [8, 9]. However, several papers 
provide opposite results. Thus, a trial 
performed by Liu et al. [10] revealed 
deterioration in the neurological status 
in the early SC decompression group in 
comparison to the late SC decompres-
sion group: 6.6 % and 0.7 %, respec-
tively (p < 0.001). Similar results were 
obtained by the authors for the analysis 
of the incidence of adverse outcomes: 
7.1 % and 2.1 % (p = 0.003). At the same 
time, no significant differences were 
found in the duration of mechanical 
ventilation, the incidence of infectious 
and vascular complications [10].

Thus, the analysis of published 
research data indicates that there are suf-
ficient publications assessing the efficacy 
of early SC decompression in regard to 
the neurological outcome. However, the 
issues of the effect of SC decompression 
time on the severity of the patients’ con-
dition during intensive care in the ICU 
after surgical treatment are covered to a 
lesser extent, and this became the objec-
tive of our work.

The objective is to analyze the effect 
of the urgency of surgical SC decompres-
sion on the course of the acute and ear-
ly periods in patients with complicated 
lower cervical spine injury.

Material and Methods

We performed a retrospective analysis 
of treatment results obtained from 
75 patients with acute complicated 
lower cervical  spine injury who 
received specialized surgical care at 
the Novosibirsk Research Institute of 
Traumatology and Orthopaedics n.a. Ya.L. 
Tsivyan in the period from December 
2014 to November 2023.

Inclusion criteria: single complicated 
lower cervical spine injury, ASIA A and B 
SC injury severity, SC surgical decompres-
sion, and need for mechanical ventilation.

Non-inclusion criteria: concomitant 
injury, multiple injury, C1–C2 SC injury, 
age over 60, viral pneumonia, and se-
condary immunodeficiency.

There were no exclusion criteria in 
this research.

Patients were divided into two groups 
depending on the time of surgical 
decompression after SC injury: Group I 
(main) included 33 patients who under-
went SC decompression within 8 hours 
after injury; and Group II (comparison) 
included 42 patients with SC decom-
pression performed in the period over 8 
hours after injury.

The research was approved by the 
Local Ethics Committee (extract No. 
008/24 from protocol 004/24 dated May 
17, 2024).

Intergroup comparison was per-
formed for the following parameters: 
gender, age, mechanism of injury, SC 
injury severity, presence of comorbidi-
ties, nature and incidence of complica-
tions, gas exchange parameters, duration 
of mechanical ventilation, nature and 
duration of hemodynamic support, heart 
rate variability (HRV), severity of patients’ 
condition and organ dysfunction severity, 
changes of neurological status over time, 
results of radiological diagnostics, dura-
tion of ICU stay, duration of hospital stay, 
and mortality rate.

Monitoring of mechanical ventila-
tion parameters and extended hemody-
namic monitoring were carried out dur-
ing the research. Ventilation monitor-
ing included the following: respiratory 
rate (RR), tidal volume (TV), respiratory 
minute volume (RMV), forced respira-
tory volume (FV), inspiratory pressure 
(Pinsp), positive end-expiratory pressure 
(PEEP), static compliance (Cstat), and 
airway resistance (Raw). Extended hemo-
dynamic monitoring was carried out by 
the method of impedance cardiography 
using a Nicom Reliant device (Israel); the 
following parameters were registered: 
systolic blood pressure (BPsys), diastol-
ic blood pressure (BPdia), mean blood 
pressure (BPm), cardiac output (CO), 
cardiac index (CI), stroke volume (SV), 
and total peripheral resistance (TPR).

HRV was registered using a Poly-
Spectrum.NET device (Russia) with the 

appropriate software. Registration was 
performed for 5 minutes with the patient 
at rest, in lying position.

SC injury severity was assessed 
according to the American Spinal Inju-
ry Association (ASIA/IMSOP) classifica-
tion [11]; severity of patients’ condition 
was assessed using the APACHE II score 
[12]; and organ dysfunction severity was 
assessed using the SOFA score [13].

Control points: upon admission, Day 
1, 3, 5, 7, 10, 15, 20, and 30 in the ICU.

Statistical calculations were carried 
out in the Rstudio software (version 
0.99.879 – © 2009–2016 RStudio, Inc., 
USA, 250 Northern Ave, Boston, MA 
02210 844-448-121).

Because of the small number of 
parameters that were suitable for the 
parametric Student’s t-test, continuous 
variables were compared using non-para-
metric rank tests: the Mann – Whitney 
U-test and the Wilcoxon signed-rank test.

Descriptive statistics for continuous 
data are presented as median [Q1; Q3]; 
binary data – as the number of elements 
(events, complications, etc.), sample pro-
portion [lower bound of 95 % CI; upper 
bound of 95 % CI] was calculated accord-
ing to Wilson’s formula; for each level of 
categorical data, the number of patients 
at the level (proportion of the total num-
ber of patients in the group) is provid-
ed. The Wilcoxon test was used to per-
form statistical tests of hypotheses about 
the equality of sample distributions for 
continuous parameters at different time 
points. Predictors were identified using 
logistic regression models.

Statistical hypotheses were tested at 
0.05 critical value of significance level, 
that is, the difference was considered sta-
tistically significant when p < 0.05 was 
achieved.

Results

Male patients of working age prevailed 
in both groups. The mean age of patients 
in Group I was 29 [25; 39] years, in 
Group II – 35 [30; 42] years; p = 0.129. 
There were 31 (94.0%) male patients in 
Group I and 38 (90.5%) male patients in 
Group II; p > 0.999. The most common 
causes of injury in the overall sample 
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were dive-related injury in 36 (48.6%) 
patients, road traffic accidents in 18 
(24.3 %) patients, and fall from height in 
12 (16.2 %) patients, with no statistically 
significant differences between groups.

Distribution of patients in groups 
according to the SC injury severity is pro-
vided in Table 1.

Injury in the area of C5–C6, C6, 
and C6–C7 was the most common: 38 
(51.3 %) cases in the overall sample, with 
no statistically significant differences 
between groups (p > 0.999).

Arterial blood gas parameters at 
admission in the setting of spontane-
ous breathing before the start of oxy-
gen support in groups were as follows: 
Group I: PaO2 – 89.0 [76.0; 140.5] mm 
Hg, PaCO2 – 41.0 [38.5; 42.25] mm Hg, 
oxygenation index (OI) – 400.0 [366.0; 
423.0]; Group II: PaO2 – 87.0 [80.5; 103.5] 
mm Hg, PaCO2 – 37.0 [34.0; 44.0] mm 
Hg, OI – 323.0 [287.75; 361.0]. In an 
intergroup analysis of the presented gas 
exchange parameters, statistically signifi-
cant differences were obtained only for 
OI values that were lower in Group II  
(p = 0.015). OI values in the range 100–
200 at the preoperative stage were reg-
istered in one (3.0 %) patient in Group 
I; there were no OI values below 200 in 
Group II, however, OI values in the range 
200–300 were registered in 6 (14.3 %) 
patients. The identified abnormal gas 
exchange could indicate the presence 
of acute diffuse lung damage, i.e. acute 
respiratory distress syndrome (ARDS) 
that was confirmed by MSCT results of 
the thoracic organs at this research stage: 
diffuse strengthening of the pulmonary 
pattern due to vascular component, sym-
metrical shadows, as well as decreased 
aeration of lung tissue.

All patients underwent urgent surgi-
cal decompression and stabilization. The 
time from the injury to SC decompres-
sion was characterized by statistically sig-
nificant differences and amounted to 6.1 
[5.0; 7.5] hours in Group I and 16.9 [11.8; 
39.6] hours in Group II (p < 0.001). Dura-
tion of the surgical intervention was 240 
[200; 280] min in Group I and 225 [196; 
256] min in Group II (p = 0.278). Intra-
operative blood loss was 300 [150; 400] 
mL in Group I, and 175 [100; 300] mL in 

Group II (p = 0.029). During SC surgical 
decompression, none of the patients ex-
perienced complications that could have 
an effect on the further injury course.

Follow-up and treatment after the 
surgical stage were carried out in the 
ICU. All patients received prolonged 
mechanical ventilation in accordance 
with the concept of protective mechani-
cal ventilation.

Analysis of OI values on Day 1 of 
the follow-up and treatment in the ICU 
demonstrated that 1 (3.0 %) patient 
in Group I had OI below 200 mm Hg, 
and 7 (21.2 %) patients had OI in the 
range 200–300 mm Hg. Upon that, the 
injury in all patients with OI below 300 
mm Hg was caused by diving into shal-
low water. All other patients in Group I 
with similar and other mechanisms of 
injury had OI of 300 mm Hg higher. OI 
values below 200 mm Hg in Group II 
were registered in 4 (9.5 %) patients on 
Day 1 of treatment in the ICU; the injury 
was caused by diving into shallow water 
in three of them, and one patient was 
involved in a traffic accident. There were 
9 (21.4 %) patients with OI in the range 
200–300 mm Hg in Group II; only two of 
them were caused by dive-related injury. 
In other cases, OI values were 300 mm 
Hg and higher.

68 (90.7 %) patients in the over-
all sample underwent tracheostomy to 
ensure adequate sanitation of the tra-
cheobronchial tree: on Day 3 [2; 3] of 
postoperative follow-up in Group I, and 
on Day 2 [2; 3] in Group II (p = 0.323).

To assess the effect of early SC decom-
pression on the incidence of respiratory 
complications, a comparative intergroup 
analysis was performed (Table 2) that 
revealed a statistically significant differ-
ence in the incidence of all complica-
tions, except for purulent tracheobron-
chitis that was a typical complication for 
the analyzed injury.

A comparative intergroup analysis of 
the duration of pneumonia course dem-
onstrated a statistically significant differ-
ence: 18 [8; 20] days in Group I vs 28 [20; 
39] days in Group II (p < 0.001). It should 
be mentioned that the period before SC 
decompression in patients with pneu-
monia was 11 [7.5; 32.5] hours vs 7 [7.85; 

12.5] hours in cases with no pneumonia 
(p = 0.019).

Analysis of the time of pneumonia 
development was carried out using the 
method of constructing Kaplan–Meier 
curves (Fig. 1).

In the main group, pneumonia was 
most often registered on Day 4–12 of 
follow-up; the first case was diagnosed 
on Day 4. In the comparison group, 
pneumonia was more often diagnosed 
on Day 4–9, and in two patients – even 
on Day 1 of ICU stay. Results of the 
analysis revealed that there was a 2.08-
fold [1.17; 3.67] risk ratio for develop-
ing pneumonia in patients in the com-
parison group vs patients of the main 
group (p = 0.01). Pneumonia resolved by 
Day 20 in 13 (72 %) patients of the main 
group, and only in 9 (27 %) patients of 
the comparison group; p = 0.031.

Univariate logistic regression mod-
els helped to identify individual signifi-
cant predictors of pneumonia develop-
ment: duration of mechanical ventila-
tion (p = 0.001), time of transition to the 
assisted mode of ventilation (p = 0.004), 
ASIA B neurological deficit (p = 0.004), 
ASIA A neurological deficit (p = 0.004), 
duration of ICU stay (p = 0.005), and 
positive changes in neurological status 
over time (p = 0.009).

It was demonstrated that increased 
duration of mechanical ventilation 
by three days (p = 0.001) is associat-
ed with a 1.6-fold [1.3; 2.2] increase in 
possibility of pneumonia development; 
increased time before transition to the 
assisted mode of ventilation by three 
days was associated with a 2.0-fold [1.3; 
3.3] increase in possibility of pneumo-
nia development; severity of neurologi-
cal impairment (ASIA A) was associated 
with a 5.87-fold [1.79; 20.81] increase in 
possibility of pneumonia development; 
increased ICU stay duration by three 
days was associated with a 1.3-fold [1.1; 
1.5] increase in possibility of pneumonia 
development; positive changes in neuro-
logical status over time were associated 
with a 0.16-fold [0.04; 0.62] decrease  in 
possibility of pneumonia development.

Comparative intergroup analysis 
of the incidence of pulmonary sepsis 
revealed no statistically significant dif-
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ference (p = 0.249), however, all three 
cases of its development were registered 
in patients of the comparison group.

The duration of mechanical ventila-
tion in Group I was significantly less than 
in Group II and amounted to 12 [7; 17] 
days and 19 [11; 26] days, respectively 
(p = 0.001).

Hemodynamic support during the 
preoperative examination in order to 
achieve target values of BPm ≥ 85 mm 
Hg was required in 13 (39.4 %) patients 
in Group I and 21 (51.0 %) patients in 
Group II; it included infusion therapy 
and vasopressor agents. Choosing medi-
cations at this stage was based on HR. 
Norepinephrine 0.02 % was used at a 
dose of 0.08 [0.04; 0.12] μg/kg/min in 
Group I, and 0.125 [0.08; 0.22] μg/kg/
min in Group II (p = 0.126); dopamine 
0.5 % was used at a dose of 3.0 [2.55; 4.15] 
μg/kg/min in Group I, and 3.46 [3.23; 
4.66] μg/kg/min in Group II (p = 0.905). 
At the stage of surgical treatment, the 

number of patients who required BP 
adjustment increased to 65.3 %. Follow-
ing surgical treatment, maintaining tar-
get values of BPm ≥ 85 mm Hg was car-
ried out in the ICU; it was required in 73 
(97.3 %) patients.

Adding of advanced hemodynamic 
monitoring on Day 1 of follow-up in 
the ICU allowed identifying three types 
of hemodynamic disorders. 62.5 % of 
patients had decreased TPR with normal 
CI values; 25.0 % of patients demonstrat-
ed both decreased TPR and decreased 
CI; in 12.5 % of patients, hypotension 
was caused by decreased CI only. The 
duration of hemodynamic support was 
characterized by significant differenc-
es between the groups: 6 [3; 10] days in 
Group I vs 10 [5; 15] days in Group II  
(p = 0.019).

The severity of patients’ condition 
according to the APACHE II score on 
admission demonstrated no statistically 
significant differences and was 7 [5; 9] 

points in Group I vs 7 [7; 9] points in 
Group II (p = 0.072). Upon that, organ 
dysfunction severity assessed using SOFA 
score demonstrated statistically signif-
icant intergroup differences: 2 [0; 3] 
points in Group I vs 3 [2; 4] points in 
Group II (p = 0.022).

The results of intergroup compara-
tive analysis using the APACHE II and 
SOFA scores at subsequent stages of our 
research are provided in Table 3.

Analysis using the SOFA score 
revealed that the highest organ dysfunc-
tion severity based on the sum of cumu-
lative points was registered on Day 1 and 
3 in Group I, and on Day 1–5 in Group 
II. Moreover, statistically significant inter-
group differences indicating a higher 
severity of organ dysfunction in Group 
II were observed on Day 5 of follow-up.

The severity of patients’ condition 
in Group I provided in points of the 
APACHE II score was stable during the 
first 10 days and significantly lower 
than that in Group II at all stages of 
the research.

As the result of the correlation analy-
sis, a high positive correlation between 
the SOFA points and the duration of ICU 
stay was established on Day 30 of fol-
low-up (r = 0.77; p < 0.001), with mean 
positive correlation on Day 15 (r = 0.64;  
p < 0.001) and Day 20 (r = 0.57;  
p < 0.001).

Table 1

Distribution of patients by severity of spinal cord injury

Injury severity Group I (n = 33) Group II (n = 42) p value

ASIA A, n (%) 24 (72.7) 36 (85.4) 0.246

ASIA B, n (%) 9 (27.3) 6 (14.6) 0.246

Comparisons of causes of injury were performed using Fisher’s exact two-tailed test.

Table 2

Nature and incidence of respiratory complications in study groups

Complications Group I (n = 33) Group II (n = 42) Fisher’s exact two-tailed test

n % [95 % CI] n % [95 % CI] OR [95 % CI] p value

Pneumonia 18

55 [38; 70]

36

86 [72; 93]

0.2 [0.1; 0.7] 0.004*

Acute respiratory distress syndrome 13

39 [25; 56]

27

66 [51; 78]

2.9 [1.0; 8.6] 0.035*

Obstruction of the main bronchi 1

3 [1; 15]

12

29 [18; 44]

12.9 [1.7; 581.6] 0.004*

Hydrothorax 11

33 [20; 50]

25

61 [46; 74]

3.1

[1.1; 9.1]

0.021*

Atelectasis of the lung 7

21 [11; 38]

22

54 [39; 68]

4.2

[1.4; 14.2]

0.008*

Purulent tracheobronchitis 30

91 [76; 97]

40

98 [87; 100]

3.9

[0.3; 214.9]

0.318

CI – confidence interval; OR – odds ratio; * statistically significant difference.
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Changes in HRV parameters over 
time were registered in 10 patients of 
the overall sample (Table 4); they dem-
onstrated that decreased temporal and 
spectral components of HRV, as well as 
the prevalence of the VLF component in 
the total spectral power, proportion of 
which was more than 60 % in the acute 
period and more than 50 % in the early 
period of injury, indicate increased activi-
ty of the central circuit of heart rate regu-
lation, as well as high stress in regulatory 
systems and low adaptive abilities of the 
cardiovascular system in patients with 
complicated spinal injury.

Positive changes in the neurologi-
cal status over time were observed in 11 
(15.0 %) patients in the overall sample: 
10 patients in Group I – 30.0 % [17.0 %; 
47.0 %] vs only 1 patient in Group II – 
2.0 % [0.0 %; 12.0 %]; p < 0.001. In Group 
I, four patients demonstrated a transi-
tion of SC injury severity from ASIA A to 
B, and six patients – from ASIA B to C. 

In Group II, positive changes in the neu-
rological status over time corresponded 
to a transition of SC injury severity from 
ASIA B to C.

We used univariate and multivariate 
logistic regression models to determine 
predictors of neurological impairment 
regression.

Univariate logistic regression models 
helped to identify individual significant 
predictors of neurological impairment 
regression in all patients included in this 
research: ASIA A SC injury (p = 0.001); 
ASIA B SC injury (p = 0.001); period from 
the injury to the start of intensive care 
(p = 0.006); period from the injury to 
SC decompression (p = 0.008); SC injury 
at C6 level (p = 0.024); and duration of 
hemodynamic support (p = 0.029).

It was found that ASIA A SC injury was 
associated with a 0.08-fold [0.02; 0.33] 
decrease in the probability of neurolog-
ical impairment regression; ASIA B SC 
injury was associated with a 12.25-fold 

[3.05; 56.67] increase in the probabil-
ity of neurological impairment regres-
sion; period from the injury to the start 
of intensive therapy of less than 4.65 
hours was associated with a 9.9-fold 
[2.3; 68.98] increase in the probability 
of neurological impairment regression; 
period from the injury to SC decom-
pression of less than 8.2 hours was asso-
ciated with a 17.83-fold [3.12; 337.74] 
increase in the probability of neurologi-
cal impairment regression; SC injury at 
C6 level was associated with a 5.52-fold 
[1.18; 24.81] increase in the probability 
of neurological impairment regression; 
and an increase in hemodynamic sup-
port duration by one day was associated 
with a 0.82-fold [0.67; 0.95] decrease in 
the probability of neurological impair-
ment regression.

Multivariate logistic regression models 
revealed multiplicative significant predic-
tors of neurological impairment regres-
sion: ASIA B SC injury (p = 0.001), and 

Fig. 1
Timing of pneumonia development in study groups
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the period from the injury to the start of 
intensive care (p = 0.006). It was found 
that ASIA B SC injury was associated with 
an 18.76-fold [3.59; 150.75] increase in 
the probability of neurological impair-
ment regression; and the period from 
the injury to the start of intensive care of 
less than 4.65 hours was associated with 
a 15.18-fold [2.7; 154.33] increase in the 
probability of neurological impairment 
regression. Using ROC analysis, this mul-
tifactorial model was found to have the 
best sensitivity (100.0 %) and specific-
ity (59.4 %) for a threshold value of the 
probability of neurological impairment 
regression of 9.0 %.

Fatal outcomes were registered 
in 4 (5.3 %) patients of Group II who 
had severe SC injury (ASIA A). Inter-
group comparison of the mortality rate 
revealed no statistically significant dif-
ference (p = 0.126). In two cases, death 
was caused by a combination of pulmo-
nary sepsis associated with severe hospi-
tal-acquired pneumonia and abdominal 
sepsis developed associated with acute 

non-calculous cholecystitis. In one case, 
death was caused by pulmonary sepsis; 
in another case, it was an acute hemor-
rhagic cerebrovascular event.

Considering the absence of statistical-
ly significant differences in the incidence 
of fatal outcomes in groups, a compara-
tive analysis was carried out for two types 
of outcomes: favorable – 71 (94.7 %) 
patients, and fatal – 4 (5.3 %) patients.

It was found that patients with 
poor outcomes had a statistically sig-
nificant difference in regard to age in 
comparison to patients with favor-
able outcomes: 53.5 [48.0; 56.0] years 
and 33.0 [26.0; 41.5] years, respective-
ly (p = 0.01). There was also a signifi-
cant difference in the time of admis-
sion to the emergency room: 30.0 [11.0; 
57.5] hours and 5.5 [2.4; 13.5] hours 
(p = 0.037), as well as in the period 
from the injury to SC decompression: 
34.25 [13.88; 68] hours and 9.20 [6.5; 
19.75] hours (p = 0.41).

Logistic regression was used to deter-
mine predictors of fatal outcomes.

Univariate logistic regression models 
helped to identify individual significant 
predictors of poor outcomes: duration of 
mechanical ventilation (p = 0.002); dura-
tion of ICU stay (p = 0.003); duration 
of hemodynamic support (p = 0.037); 
patient’s age (p = 0.002); coronary heart 
disease (p = 0.003); chronic heart failure 
(p = 0.012); and SC injury at C3–C4 level 
(p = 0.04). It was found that duration 
of mechanical ventilation longer than 
52 days was associated with a 140-fold 
[7.97; 6,116.91] increase in probability 
of fatal outcome; ICU stay duration over 
55.5 days was associated with a 69-fold 
[4.85; 1,970.09] increase in probability of 
fatal outcome; duration of hemodynamic 
support of more than 7 days was associ-
ated with a 3.19-fold [1.5; 11] increase 
in probability of fatal outcome; age over 
51.5 years was associated with a 69-fold 
[4.85; 1,970.09] increase in probabil-
ity of fatal outcome; coronary heart di-
sease was associated with a 70-fold [4.92; 
1,998.46] increase in probability of fatal 
outcome; chronic heart failure was asso-

Table 3

Assessment of intergroup comparative analysis using the APACHE II and SOFA scores

Follow-up period, 

days

Group I (n = 33) Group II (n = 42) Comparison by Mann–Whitney U test

MED [IQR] MED [IQR] MED [95% CI] p value

APACHE II score

1 7 [6.00; 9.00] 8 [7.00; 9.75] 1 [0.00; 2.00] 0.037*

3 7 [5.75; 7.25] 9 [7.00; 10.00] 2 [1.00; 2.00] <0.001*

5 7 [5.00; 7.50] 9 [7.00; 10.00] 2 [1.00; 3.00] <0.001*

7 7 [6.00; 8.75] 8 [7.00; 10.00] 2 [1.00; 2.00] 0.002*

10 7 [5.00; 7.00] 8 [7.00; 10.00] 2 [1.00; 2.00] 0.001*

15 5 [5.00; 7.00] 8 [7.00; 10.00] 2 [1.00; 3.00] <0.001*

20 5.5 [5.00; 7.00] 8 [6.00; 9.50] 1 [1.00; 3.00] 0.002*

25 7 [5.00; 7.00] 8 [7.00; 9.00] 1 [0.00; 2.00] 0.128

30 7 [5.00; 7.00] 8 [6.75; 8.25] 1.91 [0.00; 4.00] 0.022*

SOFA score

1 3 [3.00; 5.00] 4.0 [3.00; 5.00] 1 [0.00; 1.00] 0.124

3 3 [2.00; 4.00] 4.0 [3.00; 5.00] 1 [0.00; 1.00] 0.052

5 2 [1.00; 3.00] 4.0 [3.00; 5.00] 2 [1.00; 2.00] <0.001*

7 2 [1.00; 3.00] 3.0 [2.00; 4.00] 1 [0.00; 1.00] 0.100

10 1 [0.00; 2.00] 2.0 [1.00; 4.00] 1 [1.00; 2.00] <0.001*

15 1 [0.00; 1.75] 2.0 [1.00; 3.00] 1 [1.00; 2.00] <0.001*

20 1 [0.00; 1.00] 2.0 [1.00; 3.00] 1 [0.00; 2.00] 0.005*

25 1 [1.00; 1.00] 1.5 [1.00; 2.25] 1 [0.00; 1.00] 0.132

30 1 [1.00; 1.00] 2.0 [1.00; 2.00] – –

MED – median; IQR – interquartile range; CI – confidence interval; * statistically significant differences.
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ciated with a 20.67-fold [2.37; 444.19] 
increase in probability of fatal outcome; 
and SC injury at C3–C4 level was asso-
ciated with a 23.33-fold [0.8; 704.15] 
increase in probability of fatal outcome.

ICU stay duration was 20 [16; 25] days 
in Group I and 29 [23.5; 41.75] days in 
Group II (p = 0.001), total hospital stay 
duration was 38 [27; 46] days in Group 
I and 57 [45.75; 67.5] days in Group II  
(p < 0.001).

It should be mentioned that all the 
results of this research were obtained 
in the setting of the same approach to 
intensive care in both groups according 
to the algorithms provided (Fig. 2 and 3).

Discussion

Traumatic injuries of the vertebral 
column are quite common; however, 
issues associated with these injuries are 
still debatable, especially those related 
to the management of patients with 
severe injuries [14]. We analyzed the 
course of acute and early periods of 
complicated lower cervical spine injury 
with SC compression considering the 
urgency of performing decompression 
and stabilization surgeries. Our research 
involved only patients with an isolated 
lower cervical spine injury in order to 

minimize the possible effect of other 
injuries on the course of SC traumatic 
injury.

It is known that acute SC injury is 
characterized by early respiratory dys-
function that affects all levels of the 
respiratory system [15]. Results of this 
research demonstrated that even dur-
ing admission to the hospital, there were 
signs indicating the presence of acute 
lung injury, ARDS, which is manifested by 
impaired gas exchange and typical MSCT 
findings in the lungs. The corresponding 
signs were registered in 3.0% of the main 
group, and in 14.3 % of the comparison 
group. We assessed the severity of acute 
lung injury by the OI values that corre-
sponded to mild and moderate ARDS.

The data obtained are fully consis-
tent with the results of recent experi-
mental studies that revealed congestion 
in the pulmonary capillaries 6 hours 
after injury; pulmonary alveoli filled 
with erythrocytes and serous extrava-
sate 12 hours after injury; hemorrhages 
and edema in pulmonary interstitium 
and alveoli 24 hours after injury [16–18]. 
Since the most common cause of injury 
in the overall sample of patients was div-
ing into shallow water (49.3 %), it would 
be reasonable to assume that probable 
aspiration could be a primary damaging 

factor in the pathogenesis of ARDS, as 
well as the cause of pneumonia develop-
ment; according to the research litera-
ture [19–21], pneumonia associated with 
this mechanism of injury is registered in 
42.5 % of cases.

Even more convincing evidence indi-
cating the presence of diffuse lung injury 
in the analyzed category of patients was 
obtained during mechanical ventilation 
on day 1 after injury, when signs of ARDS 
were registered in 24.2 % of cases in the 
main group, and in 57.1 % in the com-
parison group (p < 0.001). The OI values 
indicated that all these patients had mild 
or moderate lung injury. Follow-up over 
time revealed typical radiological signs 
of ARDS, i.e. ground-glass opacity zones 
in 39.0 % of patients in Group I, and in 
67.0 % of patients in Group II (p = 0.022). 
The results obtained are consistent with 
the conclusions of earlier clinical trials 
that demonstrated two common types of 
respiratory complications with underly-
ing SC injury: acute lung injury and ARDS 
as its most severe form; these complica-
tions develop because of both the injury 
and pneumonia, shock, aspiration, and 
sepsis [22–24].

It is known that the development of 
respiratory complications is the most 
common complication after SC injury. 

Table 4

Heart rate variability indicators

Indicator/norm Follow-up period

Day 1 Day 3 Day 5 Day 7 Day 10 Day 15

Statistical indicators

Heart rate/60–80 beats per minute 68.6 ± 7.8  70.0 ± 5.4 73.0 ± 9.8 71.4 ± 7.7 69.2 ±6.6 65.9 ± 9.3

RRmin, ms   755.0 ± 147.5    710.3 ± 151.8    792.8 ± 100.9 792.0 ± 92.3 645.6 ± 69.3 808.0 ± 62.8

RRmax, ms 1052.3 ± 139.6 1014.1 ± 133.6 1029.3 ± 109.8 976.8 ± 87.1    936.4 ± 154.1 1041.0 ± 100.4

SDNN / 60 ± 6 ms   55.0 ± 19.5   38.3 ± 11.8   35.0 ± 11.3    32.1 ± 12.7 38.5 ± 8.3    31.2 ± 12.6

RMSSD / 27 ± 12 ms   28.6 ± 10.0   24.3 ± 12.5   25.6 ± 10.0    23.7 ± 14.2 25.2 ± 8.2    25.6 ± 15.0

pNN50 / 29,00 ± 19,55 %   6.9 ± 5.9   5.5 ± 5.2   9.0 ± 9.6    5.3 ± 7.3    2.8 ± 2.9    6.9 ± 9.3

Spectral indicators

TP / 3,466 ± 1,018 ms2/Hz 2574.3 ± 1375.8 969.7 ± 492.3 1279.8 ± 813.7 666.3 ± 400.4 1231.0 ± 289.6 645.4 ± 323.8

VLF / 765 ± 410 ms2/Hz 1716.8 ± 1068.6 589.1 ± 338.7   713.1 ± 532.7 383.2 ± 248.9 623.8 ± 240.2 332.2 ± 192.2

LF / 1,170 + 416 ms2/Hz 536.5 ± 334.6 207.4 ± 124.9   252.8 ± 182.9      106.0 ± 36.3 330.0 ± 204.4 179.8 ± 128.2

HF / 975 ± 203 ms2/Hz 320.8 ± 205.4 173.0 ± 126.0   326.4 ± 283.2 173.2 ± 170.3 277.2 ± 175.4  133.8 ± 76.2

LF/HF / 1.5–2.0 2.1 ± 1.1 1.5 ± 0.5   1.4 ± 0.9 1.9 ± 1.4 2.0 ± 1.4 1.6 ± 0.5

SI, 1/s2    101.5 ± 68.9 258.9 ± 220.2   207.6 ± 131.8 322.7 ± 190.3     136.3 ± 46.2  207.9 ± 41.0
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Moreover, about 30 % of all fatal out-
comes in cases of SC injury are caused by 
respiratory complications, with pneumo-
nia being the most common complica-
tion at all stages of SC injury course [25] 
that has major effect on the duration of 
hospital stay and neurological outcomes 
in such patients [26, 27]. In our research, 
pneumonia development was registered 
in 72 % of patients. However, SC decom-
pression within 8 hours after injury sta-
tistically significantly (by 31 %) reduced 
both the incidence of pneumonia and 
the duration of the pathologic process. 
The analysis performed also revealed a 
2.08-fold [1.17; 3.67] increase in the risk 
ratio for pneumonia development with 
delayed SC decompression (p = 0.01).

Associated with both the injury and 
infectious comorbidities, breathing 
mechanics disorders in the analyzed cat-
egory of patients determines the need 
for mechanical ventilation [28]. The total 
duration of mechanical ventilation in 
the main group was significantly lower. 
A small number of cases of mechanical 
ventilation discontinuation failure were 
also registered: 3.0 % in the main group 
vs 7.1 % in the comparison group.

It is known that two mechanisms of 
damage to nervous tissue are involved 
in case of SC injury, primary and second-
ary. Secondary damage that can aggra-
vate the baseline injury usually includes 
hypoxia and hypotension. In relation to 
the current understanding of the patho-
genesis of SC injury, hypotension epi-
sodes in the acute phase of injury reduce 
SC perfusion and lead to slower neuro-
logical recovery or to its absence [29]. 
Therefore, the principal goal of treat-
ment is to maintain BPm level of 85–90 
mm Hg within 7 days after the SC injury. 
Intensive hemodynamic management is 
required to maintain the recommended 
BP values. Vasopressor agents are com-
monly used, and they may lead to corre-
sponding complications [30, 31].

In regard to the overall sample of 
patients, we followed the available inter-
national guidelines. Moreover, expanded 
monitoring of hemodynamic parameters 
allowed identifying three types of hemo-
dynamic disorders, as well as determining 
a possible personalized approach, with 

appropriate medications in a relevant 
dose in order to achieve target BP val-
ues considering the established hemo-
dynamic profile for the patient. The 
results obtained are consistent with 
the opinion of other researchers that 
hypotension is a spectrum of hemo-
dynamic profiles; it is very important 
to consider this factor when making 
treatment decisions [32, 33].

We found that hemodynamic support 
depended on the urgency of surgical SC 
decompression and was statistically sig-
nificantly shorter when the surgery is 
performed within 8 hours after injury. 
This result was certainly due to not only 
the timely elimination of SC compres-
sion, but also the earliest possible start 
of treatment for hemodynamic disor-
ders. Upon that, it was the achievement 
of hemodynamic stability at the hospi-
tal admission that allowed performing 
decompression and stabilization surger-
ies as early as possible.

There are reports that SC injuries 
result in severe systemic inflammatory 
response that contributes to organ dys-
function [34]. To determine the severity 
of patients’ condition and to measure 
organ dysfunction, we used the SOFA 
and APACHE II scores; both are widely 
used in global ICU practice [35, 36]. An 
intergroup comparison revealed that the 
total SOFA score and the same APACHE 
II score were statistically significantly 
lower in patients of the main group at 
most stages of the research.

To our opinion, the results obtained 
for severity of condition and organ dys-
function are determined by the fact that 
patients in Group I had a significantly 
lower number of respiratory complica-
tions, both infectious and non-infectious 
ones. The duration of hemodynamic sup-
port was also important; it was statisti-
cally significantly shorter in Group I. It is 
the parameters in the scores indicating 
respiratory and cardiovascular dysfunc-
tion that were significant for calculating 
the total scores.

Patients who underwent early decom-
pression surgery had better improve-
ment of the baseline neurological sta-
tus; in some cases, by two grades of the 
ASIA impairment score [37, 38]. This 

research demonstrated that early sur-
gical decompression was associated 
with favorable neurological recovery in 
30.3 % of patients vs 2.0 % of patients 
who received delayed SC decompression 
(p < 0.001). The results of multivariate 
regression analysis revealed that the early 
start of combined intensive treatment 
for organ dysfunctions, along with the 
early SC decompression, are significant 
predictors of regression of the baseline 
neurological deficit using the ASIA score.

Our research demonstrated that the 
ICU stay duration and the total dura-
tion of hospital stay have statistically 
significant differences between groups  
(p = 0.001) and confirm the benefits 
of early surgical decompression and 
stabilization.

It is known that patients with SC 
injuries are at high risk of fatal out-
comes. Recent trials revealed that in-
hospital mortality in the analyzed cat-
egory of patients ranged from 5.0 % to 
12.6 % [14, 36]. There are reports on 
the mortality rate in patients with tet-
raplegia that can reach 22.0 %. Mean-
while, respiratory complications and 
cardiovascular causes (OR = 39.03: 95 %  
CI = 8.29–183.89) were significant risk 
factors associated with poor outcomes 
[39]. The mortality rate of 5.3 % in our 
research is closer to the lowest values 
presented in research literature sourc-
es. All fatal outcomes were observed in 
patients with ASIA A SC injuries who 
underwent SC decompression surgery 
within the period of more than 8 hours 
after the injury. Severe infectious compli-
cations were the cause of fatal outcomes 
in 75.0 % of cases.

Conclusion

The results obtained during this research 
allow thinking that the earliest possible 
surgical decompression and stabilization 
in combination with the earliest possible 
start of combined intensive treatment 
have a significant positive effect on the 
acute and early periods of SC injury 
course; these measures help to reduce 
the number of respiratory complications 
and the severity of organ dysfunctions, 
shorten the duration of mechanical 
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ventilation and hemodynamic support, 
reduce the ICU follow-up and treatment 
duration, the total duration of hospital 
stay, and mortality rate.

The study had no sponsors. The authors declare 

that they have no conflict of interest.

The study was approved by the local ethics com-

mittees of the institutions. All authors contributed 

significantly to the research and preparation of the 

article, read and approved the final version before 

publication.

Patient admission

Respiratory function assessment*

Carrying out diagnostics

Transfer to ICU for extended mechanical ventilation

Tracheostomy

Continuation of mechanical ventilation

Respiratory function assessment*

Assessment of readiness 
for independent breathing** 

Transfer 
to independent breath 

Assessment of readiness for independent breathing**

Carrying out decompression and stabilization under mechanical ventilation conditions

All criteria are met

All criteria are met

No

No

Yes

Yes

Fig. 2
Algorithm for determination whether patients are ready for independent breathing:

* assessment of the respiratory system function: respiratory rate, SpO2, gas composition 
and acid-base ratio of arterial blood; functional state of the diaphragm using ultrasound 
(diaphragm thickness during forced breathing (DTFB), diaphragm excursion during 
forced breathing (DEFB), diaphragm excursion during spontaneous breathing (DESB);

** criteria for the patient’s readiness for independent breathing: general criteria (absence 
of depression of consciousness and pathological breathing rhythms, complete cessa-
tion of the action of muscle relaxants and other medication that depress breathing, 
absence of signs of shock, stable hemodynamics, absence of an active infectious pro-
cess); respiratory criteria (mechanical ventilation in auxiliary ventilation modes with 
respiratory support parameters at Pinsp 6–10 mbar and PEEP 5–8 mbar, oxygenation 
index > 300, SpO2 > 95 % when using FiO2 < 40 %); additional criteria (values of the 
functional state of the diaphragm DTFB, DEFB, DESB must exceed the values recorded 
at the time of admission)
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Patient admission

Assessment and correction of hemodynamic values and volume status at the preoperative stage*

Postoperative correction of hemodynamics and volume status in the ICU**

State of hemodynamic stability

Carrying out diagnostics

Surgical stage of treatment

Patient admission to ICU

Assessment and correction of volume status:
infusion load test

Assessment and correction 
peripheral hemodynamics 

Correction of hemodynamic impairments 
at the preoperative stage

Emergency rehydration 
10 mL/kg per hour

Hemodynamic impairments 
correction at the postoperative stage 

in the ICU 

Volume status assessment: 
PLR test

 Infusion therapy according 
to physiological needs

Emergency 
rehydration 10 mL/kg 

per hour

All criteria are met

Targets values are achieved Normovolemia

No

No No

Yes

Yes Yes

All criteria are met

Fig. 3
Algorithm for hemodynamic stabilization: * assessment of volume status (test with infusion load – intravenous administration of a crystalloid 
solution at the rate of 3 mL/kg for 5–10 minutes); assessment and correction of hemodynamics at the preoperative stage (target values of mean 
blood pressure ≥ 85 mm Hg and heart rate ≥ 65 beats per minute: in registration of mean blood pressure ≤ 85 mm Hg and heart rate ≥ 65 beats 
per minute – norepinephrine is prescribed in a dosage of 0.01–0.50 μg/kg; in registration of mean blood pressure ≥ 85 mm Hg and heart rate  
≤ 65 beats per minute – dopamine is prescribed in a dosage of 1.0–10.0 μg/kg per minute; in mean blood pressure ≤ 85 mm Hg and heart rate  
≤ 65 beats per minute – norepinephrine 0.01–0.50 μg/kg is prescribed in combination with dopamine 1.0–10.0 μg/kg per min); ** assessment 
and correction of systemic hemodynamics values at the postoperative stage in the ICU (target values: mean blood pressure 85–95 mm Hg; heart 
rate 65–80 beats per minute; CI 2.5–4.0 L/min/m2; TPR 800–1,200 dyn*s/cm-5); the type of hemodynamic impairment and the option of drug 
correction are determined based on central hemodynamics indicators (type 1: CI indicators 2.5–4.0 L/min/m2 and TPR ≤ 800 dyn*s/cm-5 – dopa-
mine is prescribed at a dosage of 1.0–10.0 μg/kg per min with heart rate values ≤ 65 beats per minute; norepinephrine is prescribed at a dose 
of 0.01–0.50 μg/kg with heart rate values ≥ 65 beats per min; type 2: CI ≤ 2.5 L/min/m2 and TPR 800–1,200 dyn*s/cm-5 – dobutamine 1.0–10.0 μg/kg 
per min is prescribed; type 3: CI ≤ 2.5 L/min/m2 and TPR ≤ 800 dyne*s/cm-5 – dobutamine is prescribed 1.0–10.0 μg/kg per minute in combi-
nation with norepinephrine 0.01–0.50 μg/kg); assessment and correction of volume status: Passive leg raising (PLR test) – if SV increases by 10% 
or more, emergency rehydration is prescribed at rate of 10 mL/kg/h in addition to previously prescribed therapy; if the increase is less than 10%, 
infusion therapy is carried out in volume of physiological needs taking into account pathological losses
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