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STUDY DESIGN: Retrospective chart review.
OBJECTIVES: The primary aim was to identify the number of patients requiring vasopressors beyond the first week of cervical
spinal cord injury (SCI). Secondary objectives were to note the type, duration and doses of vasopressors and any association
between prolonged vasopressors use and outcome.
SETTING: Neurosurgical intensive care of a tertiary trauma care centre.
METHODS: After Ethical approval we retrospectively collected the data of patients of isolated cervical SCI admitted to neurosurgical
intensive care from January to December 2017. Vasopressor requirement for sepsis or cardiac arrest was excluded.
RESULTS: Out of 80 patients analysed, 54 (67.5%) received vasopressors. The prolonged requirement of vasopressors was observed
in 77.7%. Our preferred agent was dopamine (64.8%). We found out that longer requirement (in days) of high dose of dopamine
was associated with higher survival (p= 0.03).
CONCLUSION: Our results describe a significant portion of cervical SCI patients need ongoing vasopressor to maintain a mean
arterial pressure >65mm of Hg beyond first week. We observed patients who required longer duration of high dose dopamine had
a higher chance of survival suggesting some unknown mechanism of high dose of dopamine. This is first such observation, further
studies are needed to substantiate.
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INTRODUCTION
Acute traumatic cervical spinal cord injury (SCI) imparts a huge
economic and social burden on a country [1]. Regardless of
advancements in perioperative and intensive care management
the functional outcome continues to remain poor in such patients
with many patients need prolonged hospital stay and neuroreh-
abilitaion [2]. The principles of management are early stabilisation
and prevention of secondary insult to spinal cord [3]. Intensive
blood pressure management targeting a mean arterial pressure
(MAP) of 85–90mm of Hg is aimed during the first week of the
injury and 65mm Hg thereafter to maintain adequate spinal cord
perfusion is often the mainstay of management [4, 5]. In such
patients after the acute phase of injury, hypotension is often
observed and can be either orthostatic hypotension or resting
hypotension [6]. The hypotension is attributed to various causes
such as sympathetic nervous system dysfunction, low plasma
catecholamine levels, impaired baroreceptors function, spinal and/
or neurogenic shock, cardiovascular deconditioning, hyponatre-
mia and low plasma volume, poor muscular pumping activity
[7, 8]. The management of chronic hypotension in these patients is

indeed challenging and often need continual low dose of
intravenous vasopressors to maintain a MAP of 65mm of Hg or
above [7]. Such patients often require either pharmacological or
non-pharmacological methods to treat the chronic hypotension
[9]. Majority of the instances the vasoconstrictor agent started in
the acute phase is continued beyond the first week and gradually
weaned over time. However no studies in literature explored the
use of long term vasopressors in such patients after the initial
week of intensive therapy. This is first such investigation that
explores the use of prolong use of vasopressors in these patients.
We conducted the analysis with the primary aim of this study was
to identify the number of patients requiring vasopressors beyond
the first week of cervical SCI. Secondary objectives were to note
the type, duration and doses of vasopressors for such kind of the
patients beyond the first week of injury and to find out the
association between prolonged usage of vasopressors and
outcome. Our exploratory objectives were (1) presence of spinal
cord signal changes in magnetic resonance imaging (MRI) and its
effect outcome; (2) possibility of incentive spirometry and
outcome; (3) weaning from mechanical ventilation and outcome.
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METHODOLOGY
After Institute Ethical Committee approval we collected the data
of patients of acute traumatic cervical spinal injury admitted to
neurosurgical intensive care unit (ICU) from January to December
2017. Patients with associated head injury, admission 7 days after
injury and those treated elsewhere before were excluded. Patients
were managed as per the standard ICU protocol. All the patients
were monitored with prompt correction of fluid deficits and
anaemia before starting vasopressors in the ICU. All the data of the
patient were kept confidential. Data was collected from electronic
medical records, patient admission, operation theatre records, ICU
records and discharge sheets. American Spinal Injury Association
Impairment Scale (AIS) [10] and level of cervical SCI was recorded
from the databases. Radiological data were recorded from the
electronic records. Data regarding the type, duration and dose of
vasopressors were noted from the nursing records till the patients
discharged from the hospital or death. Initiation of vasopressors as
a management for septic shock or post resuscitation from cardiac
arrest was excluded from analysis. We also acquired the data of
incentive spirometry and weaning from mechanical ventilation
from the nursing records.
We defined requirement of vasopressors therapy 7 days and

beyond as prolonged vasopressor requirement. We classified
doses of dopamine as low (<5 mcg/kg/min), medium (5–10mcg/
kg/min) and high (>10mcg/kg/min) [11]. Similarly we also have
defined the dose of noradrenaline as low (0.05–0.5 mcg/kg/min)
and high (0.5–2mcg/kg/min) [12]. The level of cervical SCI as
classified as high (C1–C4) for first to fourth cervical vertebra and
low (C5–C7) for fifth to seventh cervical vertebrae [13]. AIS was
dichotomised into complete (category A) and incomplete
(category B, C, D, E) [10]. Also we have classified the AIS to severe
cervical injury (AIS A and B) and mild cervical injury (AIS C, D, E)
group [14]. We have reviewed the MRI database to determine the
cord signal changes. We followed the patients till the time of
discharge or death. We labelled all in-hospital mortality as non-
survivors, while others who were discharged were considered as
survivors.
All the statistical analyses were done using STATA 12.0 (Stata

Corp, College Station, TX). Data were expressed as medians with
range for nonparametric data and in percentages for binary
variables. We have used Kruskal–Wallis test to compare patient
level characteristics in vasopressor groups. Mann–Whitney U test
was applied to look into differences between variables in survivor
and non-survivor group. The Pearson’s chi square test and Fisher

Fig. 1 Flow diagram of the study. SCI spinal cord injury, ICU intensive care unit.

Table 1. Demographics and clinical characteristics.

Variables Survivors
(n= 67)

Non-survivors
(n= 13)

P value

Age (years) 40 (18–70) 38 (17–60) 0.89

Gender Male 58 (86.5) 11 (84.6) 1.0

Female 9 (13.5) 2 (15.4)

Weight (kg) 65 (42–90) 65 (52–135) 0.86

Injury to
admission (days)

1 (0–7) 1 (0–5) 0.31

Hospital stay (days) 19 (5–135) 22 (10–107) 0.88

AIS A 31 (50) 10 (76.9) 0.23

B 5 (8.1) 2 (15.4)

C 10 (16.1) 1 (7.7)

D 7 (11.3) 0 (0)

E 9 (14.5) 0 (0)

Level of injury 0.22

Low 38 (56.8) 5 (38.5)

High 29 (43.2) 8 (61.5)

Vasopressor usage 0.15

Yes 43 (64.2) 11 (84.6)

No 24 (35.8) 2 (15.4)

Duration of
vasopressor

0.09

Long (≥7 days) 31 (72.1) 11 (100)

Short (<7 days) 12 (27.9) 0 (0)

Type of
vasopressor

0.68

Dopamine 29 (67.4) 6 (54.5)

Noradrenaline 5 (11.7) 2 (18.2)

Combined 9 (20.9) 3 (27.3)

AIS

Complete 31 (50) 10 (77) 0.07

Incomplete 31 (50) 3 (23)

AIS 0.01

Severe 36 (58) 12 (92.3)

Mild 26 (42) 1 (7.7)

Summary statistics are reported as No. (%) or medians (range) as
appropriate.
AIS American Spinal Injury Association Impairment Scale.
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exact tests were used for categorical data as appropriate. A P value
less than 0.05 was considered significant.

RESULTS
Medical records of 100 patients of isolated acute cervical SCI
admitted to the neurosurgical ICU reviewed. Twenty patients were
excluded due to various reasons (Fig. 1). Finally a total of 80
patients with a median age of 40 years were analysed (Fig. 1). Out
of the 80 patients, 69 (86.25%) were male (Table 1). Fifty-four
patients (67.5%) received vasopressors to maintain a target MAP
of 85–90mm of Hg. We noticed that 42 patients (77.7%) needed
prolonged vasopressors to maintain a MAP > 65mm of Hg. The
median duration of prolonged vasopressor therapy was 13 (7–86)
days. We have used dopamine, noradrenaline or combination as
vasopressors. Majority of our patients 35 out of 54 (64.8%)
received dopamine and in 29 patients required prolonged
dopamine. The patient level characteristics in vasopressor groups
were described in Table 2. While the analysis of AIS revealed the
patients of category A required longer duration of low and
medium doses of dopamine (P= 0.02 and P= 0.01). AIS category
A was significantly associated with prolonged vasopressors
requirement (P= 0.001) (Fig. 2). We observed severe cervical
injury group (AIS A, B combined) and complete cervical injury (AIS
A) required prolong vasopressor as compared to mild injury group
(P= 0.001 and P= 0.005) (Table 3). However we did not find any
such association between duration of dopamine use in various
doses to the level of cervical injury.
Sixty seven patients out of 80 patients (83.7%) survived at the

time of discharge. We found that mortality was high in severe
cervical injury (AIS A, B combined) as compared to mild cervical
injury group (P= 0.01). The main cause of death amongst non-
survivors were sepsis, multiorgan dysfunction and circulatory
arrest. We observed out of the 42 patients who needed long
term vasopressors 31 patients (73.8%) survived (P= 0.09). Many
patients received a variable period of dopamine infusion at
different doses as mentioned above. In total 10 patients
(8 survived) received high dose of dopamine in the prolonged
vasopressor group. When we analysed the use of dopamine, we
found out that survivors received a longer duration (in days) of

high dose of dopamine (p= 0.03) (Table 4). The median
duration of high dose dopamine usage was 4 (1–10) days in
survivor group as compared to 1 (0–1) day in non-survivor
group (Table 4).
Many patients (64 out of 67 patients) in the survivor group were

successfully weaned off mechanical ventilation. Similarly many
patients in the survivor group were able to perform incentive
spirometry. (53 out of 67 patients) (Table 5). However presence of
spinal cord signal changes in MRI did not affect the outcome
(Table 5).

DISCUSSION
In our study we found out that a significant proportion of cervical
SCI patients require prolong course of vasopressor to treat the
ongoing hypotension (MAP < 65mm Hg). In one study authors
report the prevalence of persistent resting hypotension was 38% in
paraplegic patients after SCI [6]. In our study we did not determine
the cause of the persistent hypotension. Form our study it is
evident that 64.8% of patients received dopamine. In a similar study
dopamine was used as first choice of vasopressor in 60.3% of
patients requiring vasopressors [15]. In our practice we prefer
dopamine as compare to noradrenaline as majority of the patients
manifest neurogenic shock with sinus bradycardia and hypotension
in the acute phase. The AANS/CNS Joint Committee guidelines state
to maintain a MAP goal of 85–90mm but do not make a specific
recommendation regarding the type of vasopressor [16]. The
Consortium for Spinal Cord Medicine suggests use of dopamine or
norepinephrine for cervical or high thoracic regions [17].
A recent systematic review analysed the use of dopamine,

noradrenaline and phenyleprine for SCI, suggested use of
noradrenaline and phenylephrine as more complications observed
in the dopamine usage [5]. Majority of the complications were ST
segment elevation, atrial fibrillation, and ventricular tachycardia
[5, 15]. In our practice we found no such adverse events related to
dopamine use, although our study did not probe into the adverse
effects related to vasopressor use.
We also found that severe cervical injury group (AIS A and B)

and complete cervical injury (AIS A) patients needed prolonged
vassopressor therapy. Previous such studies support our findings

Table 2. Patient characteristics in different types of vasopressors used.

Variables Types of vasopressor

Dopamine (n= 35) Noradrenaline (n= 7) Combined (n= 12) P value

Age 40 (17–70) 30 (21–65) 38.5 (23–70) 0.77

Gender Male 33 (94.3) 5 (71.4) 8 (66.7) 0.02

Female 2 (5.7) 2 (28.6) 4 (33.3)

Weight 65 (45–85) 60 (52–90) 62.5 (42–90) 0.51

Level of injury Low 21 (60) 1 (14.3) 8 (66.7) 0.06

High 14 (40) 6 (85.7) 4 (33.3)

AIS A 23 (65.7) 3 (42.8) 8 (66.7) 0.55

B 4 (11.4) 0 (0) 2 (16.7)

C 4 (11.4) 1 (14.3) 1 (8.3)

D 3 (8.6) 2 (28.6) 1 (8.3)

E 1 (2.9) 1 (14.3) 0 (0)

AIS Complete (A) 23 (65.7) 3 (42.8) 8 (66.7) 0.54

Incomplete (B–E) 12 (34.3) 4 (57.2) 4 (33.3)

AIS A and B 27 (77.1) 3 (42.8) 10 (83.3) 0.13

C–E 8 (22.9) 4 (57.2) 2 (16.7)

Duration of vasopressor <7 days 6 (17.1) 4 (57.2) 2 (16.7) 0.07

≥7 days 29 (82.9) 3 (42.8) 10 (83.3)

Data are reported as No. (%) or medians (range) as appropriate.
AIS American Spinal Injury Association Impairment Scale.
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as episodic hypotension was observed more in severe cervical
injury group and at least half of them needed vasopressors.
However in their observation such episodes of hypotension were
not seen beyond 14 days of SCI [14].
Evidences point that hypotension with neurological injury

results in poorer outcomes [11]. Multiple studies have proven
that intensive blood pressure management in the acute phase in
SCI patients is associated with better outcome [5, 18]. This analysis
where we targeted the subacute and chronic phase of cervical SCI
reveals 31 out of 42 survivors received prolonged vasopressors,
but the result was not statistically significant.
In this analysis we have observed that the patients in the

survivor group received longer duration of high dose of dopamine
administration (>10mcg/kg/min) as compared to non-survivors.

This might be due to the fact that, dopamine in high doses acts on
alpha receptors which can cause peripheral vasoconstriction [19].
In our analysis only 10 patients required longer duration of high
dose of dopamine.
We did not find any association of cervical injury level to the use

of prolonged vasopressor. In a previously done study authors
found no significant difference in the frequency of neurogenic
shock by injury level, but patients with a higher injury level had a
significantly greater requirement for a cardiovascular intervention
compared with patients with lower injuries [20]. In this study the
authors classified high and low cervical injury level as C1–C5 and
C6–C7 respectively.
One of our exploratory outcomes is the effect of presence of

spinal cord signal changes in MRI on outcome, which revealed no

Fig. 2 Association of American Spinal Injury Association Impairment Scale (AIS) with prolonged vasopressor requirement and outcome.
a Distribution of American Spinal Injury Association Impairment Scale (AIS) categories in survivors and non-survivors. b Patients receiving
longer and shorter vasopressor therapy in different American Spinal Injury Association Impairment Scale (AIS). c Graphical representation of
survivors and non-survivors receiving long and short term vasopressor therapy in AIS-A category of patients.

Table 3. Association with different doses of dopamine.

Dose of
dopamine
(mcg/kg/
min)

Duration in days of dopamine use

Survivors Non-survivors P value

<5 5.5 (0–25) 10 (3–15) 0.44

5–10 3 (1–15) 7 (1–15) 0.07

>10 4 (1–10) 1 (0–1) 0.03

Dose of
dopamine
(mcg/kg/
min)

Cervical level of injury

Low High P value

<5 5.5 (0–25) 6 (2–15) 0.94

5–10 3 (1–13) 3 (1–15) 0.43

>10 1.5 (1–10) 4 (0–5) 0.85

Dose of
dopamine
(mcg/kg/
min)

AIS severity

Complete Incomplete P value

<5 7 (0–25) 4 (1–10) 0.02

5–10 4 (1–15) 2 (1–10) 0.01

>10 2 (0–10) 3 (1–5) 0.69

Dose of
dopamine
(mcg/kg/
min)

AIS severity

Severe (A and B) Mild (C to E) P value

<5 6 (0–25) 4 (1–10) 0.08

5–10 4 (1–15) 2 (1–10) 0.07

>10 1.5 (0–10) 5 (1–5) 0.34

Data are reported as medians (range).
AIS American Spinal Injury Association Impairment Scale.

Table 4. Duration of vasopressor requirement different grades of
cervical spinal cord injury.

≥7 days <7 days P value

AIS 0.005

Complete 31 (73.8) 3 (25)

Incomplete 11 (32.3) 9 (75)

AIS 0.001

Severe (A and B) 36 (85.7) 4 (33.3)

Mild (C to E) 6 (14.3) 8 (66.7)

Data are reported as No. (%).
AIS American Spinal Injury Association Impairment Scale.

Table 5. Exploratory outcomes.

Variables Survivors
(n= 67)

Non-survivors
(n= 13)

P value

Spinal
Cord oedema

0.69

Yes 27 (40.3) 6 (46.1)

No 18 (26.8) 2 (15.4)

Incentive
spiromertry

0.001

Not Possible 1 (1.5) 8 (61.5)

Possible 53 (79.1) 3 (23.1)

Weaning 0.001

Not possible 1 (1.5) 10 (76.9)

Possible 64 (95.5) 2 (15.4)

Data are reported as No. (%).
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significant association with outcome. Studies in the past have
similar results where presence of cord oedema, cord haemorrhage
had no effect on neurological functional recovery [21]. We have
observed majority of the patients in the survivor group could
perform incentive spirometry and thus weaning from mechanical
ventilation was observed in many patients in the survivor group.
The study has the following limitations. Firstly, the retrospective

design of the study makes it vulnerable to attrition of data leading
to small samples size and the findings of which cannot be
generalised unless large scale prospective studies are conducted.
Due to the retrospective nature of the design, we have not
acquired data on blood pressure readings; which can be
considered as a limitation. We did not analyse the noradrenaline
dose as the use of noradrenaline was much less as compared to
the use of dopamine and the data regarding the dose of
noradrenaline was not available during several occasions.

CONCLUSION
A significant portion of cervical SCI patients need an ongoing
vasopressors to maintain a modest MAP beyond first week. We
observed patients who received longer duration of high dose
dopamine had a higher chance of survival suggesting some
unknown mechanism of high dose of dopamine. This is first such
observation, and we think that further studies are needed to
substantiate.
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