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The goal of acute spinal cord injury (SCI) management is to reduce secondary injuries and 
improve neurological recovery after its occurrence. This review aimed to explore the litera-
ture regarding hemodynamic management to reduce ischemic secondary injury and im-
prove neurologic outcome following acute SCI. The PubMed database was searched for 
studies investigating blood flow, mean arterial pressure (MAP), and spinal cord perfusion 
pressure after SCI. The 2013 guidelines of the American Association of Neurological Sur-
geons/Congress of Neurological Surgeons recommended maintaining MAP at 85–90 mmHg 
for 7 days after SCI to potentially improve outcome. However, this recommendation was 
based on weak evidence for neurologic benefit. The maintenance of MAP will typically re-
quire vasopressors, which may have their own set of complications. More recently, studies 
have suggested the potential importance of considering spinal cord perfusion pressure in 
addition to the MAP. Further research on the hemodynamic management of acute SCI is 
required to determine how to optimize neurologic recovery. Evidence-based guidelines for 
hemodynamic management should acknowledge the gaps in knowledge and the limitations 
of the current literature.

Keywords: Spinal cord injury, Hemodynamic management, Mean arterial pressure, Spinal 
cord perfusion pressure

INTRODUCTION

Spinal cord injury (SCI) causes profound deficits of motor, 
sensory, and autonomic functions in patients. Two mechanisms 
are involved in SCI: primary and secondary injury. Secondary 
injuries are mainly caused by insults occurring at the organism 
level and exacerbate the SCI, such as hypoxia and hypotension. 
Preventing or aggressively treating secondary injury is currently 
the mainstay of care for acute SCI.1,2 In general, hypotension 
and hypoxia interfere with neurologic recovery after SCI, re-

sulting in poor outcomes. The American Association of Neuro-
logical Surgeons/Congress of Neurological Surgeons (AANS/
CNS) 2013 SCI guideline recommends raising the mean arteri-
al pressure (MAP) between 85 and 90 mmHg for the first 7 
days following an acute SCI.3 This guideline is classified as class 
III (case series and expert opinion). However, the exact target 
for optimal MAP is not well established (and may differ be-
tween patients). Recently, interest has been raised in maintain-
ing spinal cord perfusion pressure (SCPP) and spinal cord oxy-
genation, in contrast to or in addition to MAP. This review was 

Neurospine
eISSN 2586-6591 pISSN 2586-6583 

This is an Open Access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (https://creativecom-
mons.org/licenses/by-nc/4.0/) which permits 
unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

Copyright © 2021 by the Korean Spinal 
Neurosurgery Society 

Neurospine 2021;18(1):7-14.
https://doi.org/10.14245/ns.2040144.072

http://crossmark.crossref.org/dialog/?doi=10.14245/ns.2040144.072&domain=pdf&date_stamp=2021-03-31


Hemodynamic Management of Spinal Cord InjuryLee YS, et al.

https://doi.org/10.14245/ns.2040144.0728 www.e-neurospine.org

carried out to explore the literature regarding post SCI hemo-
dynamic management to describe the current state of the art.

METHODS

This study was conducted according to the method of Co-
chrane Handbook for Systematic Reviews of Interventions. We 
searched PubMed database using MeSH (medical subject head-
ings) terms in various combinations, supplemented with free 
text. We limited our results to human and animal studies and 
removed duplications.

After SCI, hemodynamic management can be performed 
immediately, but optimizing hemodynamic management is still 

unclear. After SCI, hemodynamic management maintains prop-
er spinal cord perfusion to prevent secondary SCI such as isch-
emia. Spinal cord perfusion has the same concept as cerebral 
perfusion.4 That is, the autoregulation of the cerebral perfusion 
pressure (MAP-intracranial pressure) is applied to the autoreg-
ulation of the spinal perfusion pressure (MAP-spinal pressure). 
Therefore, the spinal constant blood flow must be kept constant 
after SCI. However, if the spinal perfusion pressure is reduced 
to 50 mmHg and increased to 150 mmHg, the blood flow to 
the spine is not constantly maintained. That is, to keep the spi-
nal perfusion pressure constant, it is important to control the 
MAP and spinal pressure. We reviewed several papers investi-
gating this issue.

Table 1. Hemodynamic management of mean arterial pressure (MAP) and spinal cord perfusion pressure (SCPP) in spinal cord 
injury

Study Study type No. of patients Goal and  
duration

Methods to increase 
MAP Result Length of 

follow-up

Vale et al.,6 
1997

Prospective, 
case series

Acute cervical 
and thoracic 
SCI (n = 77)

MAP > 85 
mmHg  
during 7 days

Crystalloid, colloid, 
vasopressor

The 33%–60% of complete cord injury 
patients and 88%–92% of incomplete cord 
injury patients recovered their neurologic 
outcome.

12 Months

Hawryluk  
et al.,7 
2015

Retrospec-
tive, case 
series

Acute SCI 
(n = 74)

MAP > 85–90 
mmHg  
during 7 days

Vasopressor (dopa-
mine, phenylephrine 
and levophed)

The higher average MAP values in the first 
2–3 days after SCI showed a stronger corre-
lation with neurologic recovery, but the  
intensity decreased after 5–7 days after SCI.

Until dis-
charge

Dakson  
et al.,9 
2017

Retrospec-
tive, com-
parative

Traumatic SCI 
(n = 94)

MAP > 85 
mmHg

Vasopressor (dopa-
mine, phenyleph-
rine)

Neurologic improvement was 11 times better 
in patients with MAP > 85 mmHg compared 
with patients with MAP < 85 mmHg 
(p = 0.006).

Until dis-
charge

Kong  
et al.,12 
2013

Prospective 
observa-
tional

Acute cervical 
and thoracic 
SCI (n = 21)

MAP > 80 
mmHg

SCPP > 60 
mmHg for 
3–5 days

Volume resuscitation, 
vasopressor

Episodes with MAP < 80 mmHg were  
observed in all patinets, and 81% of MAP 
< 70 mmHg.

5-Day 
postinjury

Catapano  
et al.,8 
2016

Retrospec-
tive, case 
series

Acute SCI 
(n = 33)

MAP > 85–90 
mmHg  
during 7 days

AIS improvement was positive in patients 
with AIS A, and B/C, but not in patients 
with AIS D.

Until dis-
charge

Tee et al.,13 
2017

Prospective 
observa-
tional

Acute cervical 
and thoracic 
SCI (n = 40)

MAP was 78.8 mmHg, with 52% of MAP 
measurements < 80 mmHg at primary  
receiving hospitals, 23.2% of transfers, and 
39.6% of tertiary.

Squair  
et al.,16 
2017

Prospective 
observa-
tional

Acute SCI 
(n = 92)

MAP 80–85 
mmHg SCPP 
> 50 mmHg

Volume augmentation, 
vasopressor (neoepi-
nephrine, phenyl-
ephrine, dopamine)

This effect was not observed MAP and CSFP. 
Those who were exposed to SCPP below 50 
mmHg were less likely to improve from their 
baseline neurologic impairment grade 
(p = 0.0056).

6 Months

Squair  
et al.,16 
2017

Prospective 
observa-
tional

Acute SCI 
(n = 92)

MAP 80–85 
mmHg

Volume augmentation, 
vasopressor (neoepi-
nephrine, phenyl-
ephrine, dopamine)

Adherence to SCPP targets, not MAP targets, 
was the best indicator of improved neuro-
logic recovery, which occurred with SCPP 
targets of 60–65 mmHg.

6 Months

SCI, spinal cord injury; AIS, American Spinal Injury Association Impairment Scale; CSFP, cerebrospinal fluid pressure.
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MEAN ARTERIAL PRESSURE

Current clinical practice guidelines recommend maintaining 
MAP levels between 85 and 90 mmHg for the first 5–7 days fol-
lowing an acute cervical SCI and the general avoidance of sys-
temic hypotension, defined as a systolic blood pressure of < 90 
mmHg.3

Various studies have shown that maintaining high MAP lev-
els in an attempt to improve blood flow into an injured spinal 
cord following an SCI is effective in improving neurological re-
covery (Table 1). Levi et al.5 treated 50 cervical SCI patients with 
fluids and dopamine and/or dobutamine with invasive hemo-
dynamic monitoring to maintain > 90 mmHg and adequate 
cardiac output. At admission, 31 patients were American Spinal 
Injury Association grade A, 8 patients were grade B, and 11 pa-
tients were grade C/D. Moreover, 82% of the patients used va-
sopressor. The clinical outcome showed functional improve-
ment in 40% of the patients, no change in 42%, and 18% of the 
patients died. However, mortality associated with invasive he-
modynamic monitoring was minimal. They found that early 
and prompt hemodynamic management helped reduce poten-
tial morbidity and mortality in SCI patients. Vale et al.6 report 
early on the importance of MAP in SCI. A total of 77 patients 
were required to maintain MAP levels above 85 mmHg using 
intravenous fluids, colloids, and vasopressors. As a result, 33%–
60% and 88%–92% of complete and incomplete cord injury pa-
tients, respectively, recovered their neurologic outcome.

Several authors have reported that maintaining MAP levels 
> 85 mmHg after SCI positively affects the neurological out-
come. Hawryluk et al.7 performed a retrospective analysis of 74 
patients with acute SCI between 2005 and 2011 and measured 
MAP at 1-minute interval. They established a 7-day guideline-
maintained MAP value of 85–90 mmHg following acute SCI. 
Vasopressors used dopamine, phenylephrine, and levophed. 
The American Spinal Injury Association impairment scale (AIS) 
grades were determined by physical examination on admission 
and hospital discharge time. The higher average MAP values in 
the first 2–3 days after SCI in this study were strongly associat-
ed with neurologic recovery; however, the intensity decreased 
5–7 days after SCI. The authors argued that a strong correlation 
exists between MAP values and neurological recovery.

Catapano et al.8 studied the relationship between MAP level 
augmentation and neurologic improvement when MAP was 
maintained above 85 mmHg for 7 days after SCI. A total of 62 
patients qualified for neurologic improvement according to 
their AIS score. Moreover, a total of 33.3%, 76.5%, and 58.3% of 

patients with AIS A complete cord injury, AIS B/C, and AIS D, 
respectively, showed improvement of AIS. The correlation be-
tween MAP and AIS improvement was positive in patients with 
AIS A and B/C, but not in patients with AIS D. In this regard, 
the AIS A patient may acquire greater benefit from MAP aug-
mentation than the AIS D patient. It was confirmed that higher 
MAP levels were positively correlated with neurologic improve-
ment.

Dakson et al.9 studied MAP levels in 94 patients with trau-
matic SCI who were admitted to the intensive care unit for 5 
days following SCI. Patients were divided into groups according 
to their MAP levels: < 85 mmHg (41 patients) and ≥ 85 mmHg 
(9 patients) based on the reduction of more than 85 mmHg over 
2 hours. Neurologic recovery was measured at 26.7, 115.0, and 
252.0 days using the AIS grade. Neurologic improvement was 
11 times better in patients with MAP > 85 mmHg than in pa-
tients with MAP < 85 mmHg (p = 0.006). This study demon-
strated a positive correlation between MAP levels and neuro-
logic recovery improvement.

While these studies demonstrate neurologic benefit to MAP 
augmentation, it should be realized that there are methodologi-
cal limitations to concluding a strong relationship between the 
MAP goals and neurologic recovery. Previously, Saadeh et al.10 
and Sabit et al.11 conducted a systematic review of blood pres-
sure management after SCI. However, when analyzing previous 
data, the correlation with the clinical neurologic recovery and 
hemodynamic management of mean blood pressure is weak. In 
addition, there is limited high-quality evidence to guide man-
agement with MAP > 85–90 mmHg.

Many authors have reported the importance of maintaining 
high MAP levels after SCI. However, maintaining MAP levels 
above 85 mmHg requires much effort, and when closely exam-
ined, it may not be easy to maintain the exact MAP targets. Kong 
et al.12 investigated the MAP, intrathecal cerebrospinal fluid pres-
sure (ITP), and SCPP in 21 cervical or thoracic SCI patients. 
The target MAP level was > 80 mmHg for up to 5 days follow-
ing SCI. However, all patients had episodes characterized by 
MAP levels < 80 mmHg, while 81% of MAP levels were < 70 
mmHg. In cervical injury, 18.4% of MAP levels were below 80 
mmHg and 19.2% of SCPPs were below 60 mmHg, whereas 
thoracic injury cases presented 35.9% and 28.1% of MAPs were 
below 80 mmHg and 60 mmHg in thoracic injury, respectively.

In addition, other studies have reported the need for educa-
tion and effort to maintain MAP during both the prehospital 
and hospital periods. Tee et al.13 investigated MAP in patients 
with acute traumatic SCI during the prehospital and early ad-
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mission period after injury. A total of 40 acute SCI patients were 
studied, with their MAP levels maintained above 80 mmHg in 
early postinjury phases prior to arriving at intensive MAP mon-
itoring sites such as high dependency units, intensive care units, 
or operating rooms. As a result, the mean calculated MAP was 
78.8 mmHg, with 52% of the MAP level < 80 mmHg at the pri-
mary receiving hospitals. A total of 51.5% of primary hospitals, 
23.2% of transfers, and 39.6% of tertiary units showed MAP 
maintenance level lower than 80 mmHg. The authors noted the 
need for education and awareness to optimize hemodynamic 
management of acute SCI patients during the immediate postin-
jury period.

SPINAL CORD PERFUSION PRESSURE

MAP maintenance after SCI has potential limitations. In trau-
matic brain injury, hemodynamic management is important 
when attempting to control intracerebral pressure to increase 
both the cerebral perfusion pressure and MAP levels. As a result, 
controlling SCPP is more important in SCI cases.14 Accordingly, 
as the cerebrospinal fluid (CSF) pressure is controlled by the 
lumbar intrathecal catheter, the necessity and scope of SCPP 
monitoring and result-specific neurological recovery are being 
studied.

Martirosyan et al.15 studied the importance of spinal cord 
perfusion in a pig model. The study involved 15 pigs in the con-
trol, SCI only, SCI combined with MAP elevation (SCI+MAP), 
SCI combined with CSF drainage (CSFD) (SCI+CSFD), and 
SCI combined with both MAP elevation and CSFD (SCI+MAP 
+CSFD) groups. Spinal cord blood flow (SCBF) was measured 
for each group. When the SCI+MAP group and the SCI group 
were compared, the intrathecal pressure increased as the MAP 
increased. Accordingly, the maintenance of MAP levels alone 
led only to short-term improvement of SCBF. The combination 
of MAP level elevation and CSFD significantly and sustainably 
improved SCBF and SCPP. According to this study, increasing 
the MAP alone does not effectively improve the SCBF and per-
fusion. Therefore, the pressure in the spinal cord was more im-
portant to increase SCBF and SCPP than to increase MAP alone.

Squair et al.16 measured MAP and CSF pressure (CSFP) for 1 
week following injury in 92 acute SCI patients and measured 
SCPP. Neurologic impairment was evaluated both at baseline 
and 6 months following injury. The SCPP in individuals with 
gradual improvement of neurologic function dropped fewer 
times below 50 mmHg than that in individuals without improve-
ment (p = 0.012). This effect was not observed for MAP and 

CSFP. Patients who were exposed to SCPP below 50 mmHg 
were less likely to improve from their baseline neurologic im-
pairment grade (p = 0.0056). The authors demonstrated that 
maintaining SCPP above 50 mmHg is a strong predictor for 
neurologic recovery improvement after SCI. The authors ar-
gued that SCPP (differences between MAP and CSFP) could 
provide a guideline for useful information on hemodynamic 
management in patients with acute SCI. The authors studied 
the transition point of SCPP in the same patient.17 The transi-
tion point was determined by examining the linear relationship 
between the target hemodynamic range and neurologic recov-
ery. Adherence to SCPP and not to MAP targets was the best 
indicator of improved neurologic recovery occurring with SCPP 
targets of 60–65 mmHg. Failing to maintain the SCPP ( > 50 
mmHg) within the target range was an important detrimental 
factor in neurologic recovery, particularly with a lower target 
range. This study presented a practical hemodynamic manage-
ment target-setting guideline, through an empirical data-driven 
approach.

SPINAL PRESSURE REACTIVITY INDEX

SCI causes edema and swelling, reducing the amount of CSF 
within the space between the dura mater and neural tissue. This 
phenomenon is similar to the swollen brain in posttraumatic 
brain injury. The cerebrovascular pressure reactivity index can 
be applied to the spinal cord to measure the spinal pressure re-
activity index (sPRx), which reflects the response ability of the 
vascular smooth muscle to change in transmural pressure, and 
is used as a surrogate index of autoregulation. The sPRx is cal-
culated as a moving correlation coefficient between the slow 
waves of the intraspinal pressure (ISP) and arterial blood pres-
sure on a 5-minute sliding window. Theoretically, the value of 
sPRx is negative when spinal autoregulation remains intact be-
cause a MAP increase will not change the spinal blood flow, 
volume, and pressure. When spinal autoregulation is impaired, 
the sPRx is positive because changes in ISP follow MAP.18 How-
ever, an sPRx equals of “0.3” is a clinically acceptable value. Mea-
suring sPRx in SCI helps establish optimal MAP levels. In other 
words, when sPRx is < 0.3, autoregulation is performed, and 
the MAP at this time becomes the optimal MAP (Fig. 1).

Chen et al.19 measured hemodynamic parameters by placing 
a pressure probe and a microdialysis catheter on the injured 
cord site in 14 patients with severe traumatic SCI. The hemo-
dynamic parameters of SCPP were computed as MAP minus 
ISP, the sPRx was computed as the running ISP/MAP correla-
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tion coefficient, and continuous optimum SCPP (cSCPPopt) 
was computed as the SCPP that minimizes sPRx in a measured, 
moving 4-hour window. The authors also monitored the injury 
site metabolism. cSCPPopt varied from patient to patient over 
time and showed low injury glucose, high pyruvate, and high 
lactate when the SCPP remained similar. The mean SCPP devi-
ation from cSCPPopt correlated with a worse neurological out-
come at 9–12 months. The AIS grade improved in 30% of the 
patients with < 5-mmHg deviation, 10% of the patients with 5- 
to 15-mmHg deviation, and none in patients with > 15-mmHg 
deviation. The authors suggest that targeting cSCPPopt after a 
severe traumatic SCI might improve neurological outcome.

TRANSDURAL NEAR-INFRARED 
SPECTROSCOPY SENSOR

It is also important to improve oxygenation through blood 
supply to reduce secondary insult in the spinal cord following 
SCI. However, there are no clinical means to monitor tissue ox-
ygenation. Even when a MAP increase is attempted through 
the use of vasopressors, there is no known method to assess the 
effects of MAP increase on regional blood flow and tissue oxy-
genation. Naturally, real-time measurement instruments that 
continuously and accurately monitor spinal cord hemodynam-
ics and oxygenation can be directly inserted into the spinal cord. 

However, direct insertion to the spinal cord could cause addi-
tional injury. Recently, a transdural near-infrared spectroscopy 
(NIRS) method was introduced, which is noninvasive and does 
not cause injury to the spinal cord.

NIRS has been used to monitor regional oxygenation in tis-
sues such as brain and skeletal muscles. It can measure oxygen-
ated and deoxygenated hemoglobin, absorbing NIR photons 
into the tissue by transmitting light photons in the near-infra-
red (wavelengths, 700–1,000 nm). In addition, real-time chang-
es in oxygenated and deoxyhemoglobin concentrations can be 
monitored using multiple light sources and photodectors.20

Shadgan et al.21 compared various direct and invasive meth-
ods with NIRS to measure oxygenation in the spinal cord after 
SCI. Using the T10 contusion-compression injury pig model, 
the invasive intraparenchymal sensor and the noninvasive trans-
dural NIRS sensor were installed on the injured cord to com-
pare oxygenation. They observed a significant correlation be-
tween spinal cord oxygen partial pressure (PO2), NIRS-derived 
oxygenated hemoglobin, deoxygenated hemoglobin, hemoglo-
bin difference, and tissue oxygenation percentage of invasive 
intraparenchymal sensors. In particular, during periods of hy-
poxia and MAP alterations, changes in NIRS-derived spinal 
cord-oxygenated hemoglobin and tissue oxygenation percent-
age corresponded well with the changes in spinal cord PO2 that 
were measured by the intraparenchymal sensor.

Fig. 1. Spinal pressure reactivity index (sPRx) is needed to determine the optimal mean arterial pressure (MAP) in spinal cord 
injury patients and animal models. When sPRx < 0.3, spinal autoregulation is performed, so the MAP at this time becomes the 
optimal MAP. Accordingly, sPRx can be measured to determine the optimal MAP during spinal cord injury treatment.
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VASOPRESSOR FOR HEMODYNAMIC 
MANAGEMENT

A vasopressor is used in patients with SCI to maintain MAP 
levels at 85–90 mmHg for 5–7 days following injury. Clinically, 
phenylephrine, dopamine, and norepinephrine are used among 
various vasopressors. Although these vasopressors can effec-
tively increase MAP levels, they involve different drug proper-
ties depending on the a-adrenergic, b-adrenergic, and dopa-
mine affinity. Thus, knowing which vasopressor is effective to 
restore perfusion and downstream metabolic needs is neces-
sary. In addition, knowledge of cardiogenic complication-caus-
ing drugs will assist with vasopressor utilization (Table 2).

Altaf et al.22 investigated the effects of norepinephrine and 
dopamine on ITP and SCPP in 11 patients with acute SCI. These 
2 vasopressors were tested in a crossover procedure. Both nor-
epinephrine and dopamine were able to maintain the MAP. 
However, in contrast to dopamine usage, ITP was significantly 
lower with the use of norepinephrine (17± 1 mmHg vs. 20± 1 
mmHg, respectively, p< 0.001). The decrease in ITP with nor-
epinephrine resulted in an increased SCPP during norepineph-
rine administration when compared with dopamine (67 ± 1 
mmHg vs. 65± 1 mmHg, respectively, p= 0.0049).

Streijger et al.23 showed that norepinephrine and phenyleph-
rine are effective in improving SCBF and oxygenation. The phar-

macological properties and potentials were compared for the 
downstream metabolism after SCI. Vasopressors affect intrapa-
renchymal SCBF, PO2, hydrostatic pressure, and metabolism. 
This experiment indicated that norepinephrine and phenyleph-
rine showed no difference in the increase of MAP levels. After 
decompression, both norepinephrine and phenylephrine de-
creased the lactate to pyruvate ratio, but norepinephrine showed 
a higher SCBF and PO2 increase than phenylephrine. There-
fore, compared with phenylephrine, norepinephrine showed 
superior blood flow restoration and oxygenation in traumatic 
SCI.

Inoue et al.24 used various vasopressors to maintain MAP 
levels at 85–90 mmHg in 131 patients with SCI. Vasopressors 
were used in the order of dopamine (48.0%), phenylephrine 
(45.0%), norepinephrine (5.0%), epinephrine (1.5%), and vaso-
pressin (0.5%). Complications of ventricle tachycardia, tropo-
nin elevation, atrial fibrillation, tachycardia, and bradycardia 
were compared according to the vasopressors used. Dopamine 
(p< 0.001), phenylephrine (p= 0.004), age > 60 years (p= 0.013), 
and complete SCI (p= 0.028) were associated with vasopressor-
related complications.

Readdy et al.25 compared the dopamine- and phenylephrine-
induced complications during attempts to regulate MAP levels 
in 34 patients with acute central cord syndrome. Vasopressor-
related cardiogenic complications occurred in 68% of the pa-

Table 2. Vasopressor for hemodynamic management after SCI

Study Study type No. of patients Goal and  
duration

Methods to  
increase MAP Neurological recovery measure Length of 

follow-up

Readdy  
et al.,25 2015

Retrospective 
cohort analysis

Acute trau-
matic SCI 
(n = 34)

MAP > 85–90 
mmHg during 
7 days

Vasopressor  
(dopamine vs. 
phenylephrine)

Mean of 101 hours

In patients older than 55 years, dopamine 
showed a statistically significant compli-
cation rate than phenylephrine 
(p = 0.044).

Until  
discharge

Altaf et al.,22 
2017 

Prospective 
crossover in-
terventional 
study

Cervical or 
thoracic SCI 
(n = 11)

MAP > 90 
mmHg

Vasopressor  
(dopamine,  
norepinephrine)

The decrease in ITP with norepinephrine 
resulted in an increased SCPP during 
the norepinephrine when compared 
with dopamine (67 ± 1 mmHg vs. 65 ± 1 
mmHg, respectively, p = 0.0049).

3–5 Days   
after SCI

Inoue et al.,24 
2014

Retrospective 
cohort study

SCI (n = 131) 85–90 mmHg 
during 7 days

Vasopressor (dopa-
mine, phenyleph-
rine, norepineph-
rine, epinephrine, 
vasopressin)

Dopamine (p < 0.001), phenylephrine 
(p = 0.004), age >  60 years old 
(p= 0.013), and complete SCI (p= 0.028) 
were associated with vasopressor-related 
complications.

Streijger  
et al.,23 2018

Animal study Pig model Vasopressor After decompression, both norepineph-
rine and phenylephrine decreased lac-
tate to pyruvate ratio, but norepineph-
rine showed higher SCBF and PO2 in-
crease than phenylephrine.

SCI, spinal cord injury; MAP, mean arterial pressure; SCBF, spinal cord blood flow; PO2, oxygen partial pressure.
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tients receiving dopamine and 46% of the patients receiving 
phenylephrine. In patients aged > 55 years, dopamine showed a 
higher, statistically significant complication rate than phenyl-
ephrine (p= 0.044).

FUTURE OF HEMODYNAMIC 
MANAGEMENT

The goal of hemodynamic management following SCI is to 
increase patients’ MAP levels. Certainly, MAP escalation re-
quires intensive treatment and detailed monitoring. In addi-
tion, to improve blood flow into the injured spinal cord, it is 
necessary to measure intrathecal pressure using a lumbar intra-
thecal catheter. Accordingly, controlling the SCPP prevents hy-
potension and ischemia of the injured spinal cord, thereby re-
ducing secondary damage following SCI. Further research is 
required to control SCPP as well as oxygenation and inflamma-
tion. In addition, establishing an intensive care unit capable of 
improved hemodynamic management and proper education of 
medical staff should be pursued.

CONCLUSION

According to the 2013 AANS/CNS guideline, Blood pressure 
management after SCI is the MAP goal of 85–90 mmHg for 7 
days following SCI (class III recommendation). Unfortunately, 
there are methodological limitations to concluding a strong re-
lationship between the MAP goals and neurologic recovery.26 
Thus, evidence-based guidelines for hemodynamic manage-
ment are required to address gaps in knowledge and the limita-
tions of the current body of literature on this topic. Maintaining 
MAP levels above 85 mmHg improves neurologic recovery; 
however, to maintain MAP, intensive hemodynamic manage-
ment is required according to practice guidelines in an inten-
sive care unit as well as outside the hospital setting. In addition, 
it is also important to maintain SCPP as well as MAP. To main-
tain MAP, an appropriate vasopressor should be used depend-
ing on the patient status. Further research on the hemodynamic 
management of acute SCI is required to determine how to opti-
mize neurologic recovery.
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