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Abstract
Study Design: Systematic review.
Objectives: Maintenance of mean arterial pressure (MAP) at 85-90 mmHg after traumatic spinal cord injury (SCI) is widely 
recommended, but supporting evidence is limited. We performed a systematic review and meta-analysis to evaluate whether 
MAP augmentation improves outcomes after SCI.
Methods: PubMed, Embase, and CENTRAL were searched through January 2026. Random-effects meta-analyses were 
performed. Prespecified cohort-level analyses compared standard (≥65 mmHg) with augmented MAP targets (≥85 mmHg). 
Weighted linear meta-regression explored dose-response relationships between achieved MAP and primary outcomes.
Results: Thirty-three studies comprising 3535 patients were included. Neurological improvement occurred in 31.4% and 
37.6% of patients subjected to standard and augmented MAP, respectively (P = 0.25; I2 = 84.6). Mortality occurred in 38.8% and 
10.3% of patients, respectively (P = 0.08; I2 = 83.9), though this was observed with markedly asymmetric denominators (103 vs 
1162) and substantial inter-study heterogeneity, and is unlikely to reflect a true treatment effect. Respiratory complications 
were significantly lower in patients subjected to standard MAP (P = 0.04; I2 = 82.2%). Meta-regression did not identify a linear 
association between achieved MAP and either primary outcome. Certainty of evidence was low.
Conclusions: Across heterogeneous, predominantly observational cohorts, pooled analyses showed no statistically sig
nificant differences in neurological improvement or mortality between standard and augmented MAP targets after acute 
traumatic SCI. A higher incidence of respiratory complications in patients subjected to augmented MAP represented the only 
statistically significant signal. These findings support avoidance of hypotension but do not establish clear benefit of universal 
MAP escalation.
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Background

Acute traumatic spinal cord injury (SCI) is a catastrophic 
neurological condition associated with profound and often 
permanent disability, substantial reductions in quality of life, 
and a major societal and economic burden.1 Contemporary 
Global Burden of Disease estimates suggest that over 20 million 
individuals worldwide are living with SCI, accounting for over 
6 million years lived with disability, with incidence projected to 
rise further as populations age and trauma exposure increases.2

Despite advances in experimental neurobiology and surgical 
care, no disease-modifying therapy has been shown to reliably 
improve neurological recovery, placing heightened importance 
on optimization of acute neurocritical care strategies.

Hemodynamic management, specifically augmentation of 
mean arterial pressure (MAP), has emerged as a cornerstone 
of early SCI management, predicated on the rationale that 
improving spinal cord perfusion pressure (SCPP) may at
tenuate secondary ischemic injury. This rationale is grounded 
in experimental evidence that traumatic injury impairs spinal 
cord autoregulation, rendering local perfusion increasingly 
dependent on systemic arterial pressure and underpinning the 
principle that hypotension must be strictly avoided in the 
acute phase.3 Current clinical practice guidelines recommend 
maintaining MAP between 85 and 90 mmHg for 5-7 days 
following injury, typically using intravenous fluids  and va
sopressor therapy.4 These recommendations, however, are 
largely derived from small observational cohorts and expert 
consensus rather than high-quality comparative evidence, and 
the magnitude of their effect on clinically meaningful out
comes remains uncertain.5,6

Prior reviews7-9 have examined the role of blood pressure 
management in acute SCI, but most have been limited by 
narrative synthesis, inclusion of heterogeneous outcome 
definitions,  or lack of quantitative pooling. A recent meta- 
analysis suggests potential associations between MAP targets 
and adverse outcomes, yet substantial methodological limi
tations (including inconsistent risk of bias assessment and 
limited exploration of dose-response relationships) restrict the 
interpretability of these findings.9 In addition a recent ran
domized clinical trial evaluating MAP targets in acute trau
matic SCI has been published, providing new comparative 
evidence not incorporated in prior syntheses.10

Given the pervasive clinical adoption of MAP augmentation 
despite persistent uncertainty, a comprehensive and method
ologically rigorous synthesis of the available evidence is 
warranted. We therefore conducted a systematic review, meta- 
analysis, and dose-response meta-regression to evaluate the 
association between MAP targets and measured MAP values 
with neurological recovery and mortality following acute SCI. 
By integrating data from randomized and observational studies 
and critically appraising study quality, this review aims to 
clarify whether MAP augmentation confers measurable clinical 
benefit  or primarily exposes patients to additional hemody
namic risk without altering neurological trajectory.

Methods

This systematic review and meta-analysis was conducted in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines11 and 
AMSTAR-2 (A MeaSurement Tool to Assess systematic 
Reviews 2) methodological standards. AMSTAR-2 criteria12

were used to assess the quality of systematic reviews pub
lished prior to this review. The study protocol was registered a 
priori on the Prospective Register of Systematic Reviews 
(PROSPERO) (ID: CRD420261278655).

Search Strategy and Selection Criteria

We systematically searched PubMed, Embase, and CEN
TRAL from inception to 5th January 2026 (Supplementary 
Table 1). No language restrictions were imposed. The ref
erence lists of the included studies and relevant reviews were 
examined to identify additional studies.

Two reviewers independently screened the records using 
Rayyan,13 and the full texts were subsequently assessed for 
inclusion. Disagreements were resolved by consensus dis
cussion with a third reviewer. Inter-rater reliability was 
calculated using Cohen’s kappa score (κ = 0.92), indicating an 
almost perfect agreement between the reviewers.

We included randomized and non-randomized (observa
tional) studies reporting at least 1 predefined  outcome of 
interest and including acute SCI patients subjected to a MAP 
threshold or undergoing MAP measurement. Observational 
studies without a comparator group were eligible and were 
analyzed using single-arm meta-analytic methods, reflecting 
the structure of the available evidence. Exclusion criteria were 
case reports, case series, reviews, conference abstracts, 
technical notes, and animal studies.

Outcomes of Interest

Primary outcomes were American Spinal Injury Association 
(ASIA) impairment scale (AIS) improvement (defined as the 
proportion of patients achieving at least 1 grade of AIS im
provement, or the mean number of AIS grades by which 
patients improved, at the first follow-up) and mortality.

Secondary outcomes were as follows: (i) overall compli
cations (defined as the proportion of patients experiencing at 
least 1 post-injury complication); (ii) system-specific  com
plications (respiratory, cardiovascular, and renal); (iii) length 
of stay (LOS), including length of hospital stay and intensive 
care unit (ICU) stay.

Data Extraction

Data from studies fulfilling  our inclusion criteria were in
dependently extracted by 2 reviewers. Study characteristics 
(author, date, country, design), sample size, patient demo
graphics, follow-up duration, MAP threshold, measured 
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MAP, and clinical outcomes of interest were extracted from 
the studies.

Statistical Analysis

Study-level meta-analyses were conducted for outcomes with 
sufficient (reported by at least 2 studies) and compatible data. 
Continuous and dichotomous outcomes were pooled as mean 
differences (MDs) and risk ratios (RRs), respectively. Given 
very few of the included studies reported both a standard- and 
an augmented-MAP arm, pooled within study RRs could not 
be meaningfully calculated for primary outcomes – com
parisons between cohorts therefore relied on the cohort-level 
analyses described above. A random-effects model using the 
restricted maximum likelihood (REML) estimator was ap
plied to all outcomes. For single-arm binary outcomes, we 
extracted the number of participants experiencing ≥1 event 
and the total at risk, and synthesized pooled random-effects 
proportions with 95% confidence intervals (CIs). Proportions 
were meta-analyzed on the logit scale using inverse-variance 
weighting (R package meta; metaprop with logit transfor
mation and REML). For comparative dichotomous outcomes, 
we calculated study-specific effect estimates and pooled risk 
ratios (RRs). For continuous outcomes, we pooled the mean 
differences (MDs). Prespecified  cohort-level comparisons 
were performed by mean arterial pressure (MAP) target, 
categorizing studies as standard MAP (≥65 to <85 mmHg) or 
augmented MAP (≥85 mmHg; typically 85-90 mmHg) ac
cording to each study protocol; where sufficient  data were 
available, we generated separate random-effects pooled es
timates for each pooled cohort and displayed these in forest 
plots. Prespecified  sensitivity analyses were performed by 
injury level (cervical-only vs mixed-level), and by injury 
severity (complete injury (AIS A)-only vs mixed severity). 
All analyses were performed using the meta package14 in R 
version 4.3.2 (R Foundation for Statistical Computing).15

Heterogeneity was assessed using Cochran’s Q (P < 
0.10 considered statistically significant) and quantified using I2 

(≥25% considered non-trivial). We additionally report τ from the 
REML model. Small-study effects were evaluated using funnel 
plots when ≥10 studies contributed to an outcome.

To explore a potential dose–response relationship between 
mean arterial pressure (MAP) and neurological (AIS) im
provement and mortality, we performed a weighted study- 
level linear meta-regression. For each study, we extracted the 
mean measured MAP during the acute management period, 
outcome data (events and total sample size for binary out
comes; mean and standard deviation for continuous out
comes), and prespecified  study-level covariates (mean age, 
proportion of men, proportion with AIS grade A injury, and 
proportion with cervical injury). For binary outcomes, we 
modelled the logit-transformed event proportion as the de
pendent variable with mean MAP as the primary predictor, 
weighted by the total study sample size. For continuous 
outcomes, we modelled study-specific mean differences as the 

dependent variable, again weighting by the total study sample 
size. The exploratory adjusted models additionally included 
age, sex, AIS A, and cervical proportions as covariates. 
Adjusted associations were visualized using bubble plots 
overlaid with the covariate-adjusted regression line (predicted 
at mean covariate values).

Risk of Bias and Certainty of Evidence

Two authors independently evaluated the certainty of evi
dence for each outcome using the BMJ Grading of Recom
mendations Assessment, Development and Evaluation 
(GRADE) framework16 and the risk of bias using the Co
chrane’s Risk of Bias 2 (RoB 2) tool17 for randomized studies 
and Risk of Bias in Non-Randomised Studies of - Inter
ventions tool (ROBINS-I)18 for non-randomized studies. 
Disagreements were resolved through consensus discussions 
with a third reviewer. The overall risk of bias was determined 
by aggregating domain-level judgements.

Results

Our initial search identified 1477 records, of which 33 met the 
inclusion criteria (Figure 1).

These comprised 28 retrospective observational studies, 
4 prospective observational studies, and 1 randomized con
trolled trial (RCT), collectively comprising 3535 patients 
(Table 1). Study sample sizes ranged from 17 to 801 partic
ipants. Reported mean ages ranged from 32.8 to 61.5 years. 
The proportion of male patients ranged from 63.3% to 89.8%. 
The proportion of ASIA grade A injuries ranged from 2.5% to 
100.0%. Duration of follow-up ranged from 5.0 to 593.7 days. 
Among studies reporting achieved MAP, mean values were 
81.7 mmHg in standard-target cohorts and 90.0 mmHg in 
augmented (Supplementary Table 2). Vasopressor use was 
heterogeneous, most commonly dopamine (17 studies), 
norepinephrine (14 studies), and phenylephrine (12 studies), 
though most studies used multiple. Timing of neurological 
outcome assessment (ASIA) ranged from 5.0 to 365.0 days 
post-injury (Table 1).

Methodological appraisal using AMSTAR-2 rated the 
present review as high quality (Supplementary Table 3).

Neurological Improvement

Twenty-three studies6,10,19-39 (69.7%) reported the proportion 
of patients who experienced AIS grade improvement. Im
provement occurred in 31.4% of patients subjected to the 
standard MAP threshold (≥65 to <85 mmHg) (160/509 pa
tients) and 37.6% of patients subjected to MAP augmentation 
(≥85 mmHg) (595/1584 patients). There was no significant 
difference between cohorts (P = 0.25; I2 = 84.6) (Figure 2A). 
Sensitivity analyses by treatment era (pre-vs post-2010) and 
duration of follow-up (restricted to studies reporting out
comes at ≥ 3 months post-injury) did not suggest an effect of 
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these moderators (Supplementary Figures 1–2). Exploratory 
cohort-level comparisons stratified  by injury level and se
verity demonstrated no significant  differences (Supplemen
tary Figure 3). Dose-response meta-regression across ten 

studies10,20,21,24,25,27,28,30,32,37 (30.3%) suggested that 
achieved MAP was not significantly  associated with the 
proportion of patients experiencing AIS grade improvement 
(β = -80.007; 95% CI -0.167�0.153; P = 0.93) (Figure 2B).

Figure 1. PRISMA flow diagram of study selection. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow 
diagram outlining the study selection process. The number of records identified, screened, assessed for eligibility, and included in the final 
analysis are detailed at each stage
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Figure 2. AIS improvement proportion (A) Forest plot comparing (random effects model) the proportion of patients experiencing AIS 
grade improvement between cohorts subjected to standard MAP threshold and those undergoing MAP augmentation. Individual study 
estimates are shown as squares proportional to study weight. Horizontal lines indicate 95% confidence interval. Diamond represents pooled 
estimate for overall effect. IV = inverse variance; (B) Dose-response meta-regression for AIS improvement proportion with MAP as the 
moderator
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Figure 3. AIS mean improvement (A) Forest plot comparing (random effects model) the mean AIS grade improvement between patients 
subjected to standard MAP threshold and those undergoing MAP augmentation. Individual study estimates are shown as squares 
proportional to study weight. Horizontal lines indicate 95% confidence interval. Diamond represents pooled estimate for overall effect. IV = 
inverse variance; (B) Dose-response meta-regression for AIS mean improvement with MAP as the moderator
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Mean AIS improvement was reported by seventeen 
studies6,10,19,22-25,27-33,37-39 (51.5%). The mean improvement was 
0.48 grades in patients subjected to the standard MAP threshold 
(356 patients) and 0.55 grades in patients subjected to MAP 
augmentation (883 patients), with no significant  cohort-level 
comparisons (P = 0.56; I2 = 87.1) (Figure 3A). Dose-response 
meta-regression across 7 studies10,24,25,27,28,30,37 (21.2%) sug
gested that MAP was not significantly associated with mean AIS 
grade improvement (β = 0.003; 95% CI -0.023�0.029; P = 0.83) 
(Figure 3B).

Mortality

Fourteen studies5,6,10,20,28,29,33-35,38-42 (42.4%) reported 
mortality. Mortality occurred in 38.8% of patients subjected 
to the standard MAP threshold (40/103 patients) and 10.3% of 
patients subjected to MAP augmentation (120/1162 patients), 
with no significant difference between cohorts (P = 0.08; I2 = 
83.9) (Figure 4A). Sensitivity analysis by treatment era did 
not suggest an effect of this moderator (Supplementary 
Figure 4). Similarly, cohort-level comparisons stratified  by 
injury level and severity demonstrated no significant differ
ences (Supplementary Figure 5). Dose-response meta- 
regression across 5 studies5,10,20,28,43 (15.2%) suggested 
that the MAP was not significantly associated with mortality 
(β = �0.96; 95% CI -2.95�1.03; P = 0.250) (Figure 4B).

Complications

Six studies6,26,33,34,39,40 (18.2%) reported overall complica
tions. Complications occurred in 54.9% of patients subjected 
to MAP augmentation (638/1163 patients) (Supplementary 
Figure 6). No study reported overall complications in patients 
subjected to the standard MAP threshold.

Respiratory complications were reported in 7 studies10,32-35,38,39

(21.2%) and occurred in 39.1% of patients subjected to the 
standard MAP threshold (18/46 patients) and 58.6% of patients 
subjected to MAP augmentation (191/326 patients). The propor
tion of respiratory complications was significantly lower in patients 
subjected to the standard MAP threshold (P = 0.04; I2 = 82.2) 
(Supplementary Figure 7). Cardiovascular complications were 
reported in 5 studies26,28,33,34,44 (15.2%) and occurred in 44.4% of 
patients subjected to MAP augmentation (514/1157 patients) 
(Supplementary Figure 8). Renal complications were reported in 
6 studies26,32-35,38 (18.2%) and occurred in 20.5% of patients 
subjected to MAP augmentation (214/1046 patients) (Supple
mentary Figure 9). No studies reported cardiovascular or renal 
complications for patients subjected to standard MAP threshold.

Length of Stay

Fifteen studies10,20,21,25,28,29,33,34,39-42,45-47 (45.5%) reported 
LOS. The mean LOS was 36.4 days in patients subjected to 
the standard MAP threshold and 22.5 days in patients sub
jected to MAP augmentation, with no significant difference 

between cohorts (P = 0.14; I2 = 96.0) (Supplementary Fig
ure 10). Twelve studies6,10,22,27-29,32-34,39,40,47 (36.4%) re
ported ICU LOS. The mean LOS was 11.7 days in patients 
subjected to the standard MAP threshold and 8.3 days in 
patients subjected to MAP augmentation, with no significant 
difference between cohorts (P = 0.41; I2 = 99.3) (Supple
mentary Figure 11).

Publication Bias, Risk of Bias, and Quality Assessment

Funnel plot inspection revealed no marked asymmetry, 
(Supplementary Figure 12). Egger’s regression test demon
strated no evidence of small-study effects (P = 0.245). Among 
the 33 included studies, most were judged to have a moderate 
risk, primarily due to residual confounding (Supplementary 
Table 4). Certainty of evidence for primary outcomes was 
judged to be low (Supplementary Table 5). Quality appraisal 
of 2 previous systematic reviews relevant to this topic were 
judged as critically low quality according to AMSTAR-2 
criteria (Supplementary Table 6).

Discussion

This systematic review and meta-analysis synthesizes data from 
33 cohorts evaluating MAP management following acute 
traumatic SCI. In between-study, neurological improvement 
occurred in 31.4% of patients subjected to standard MAP and 
37.6% in cohorts subjected to augmented (P = 0.25; I2 = 84.6). 
Mortality occurred in 38.8% and 10.3%, respectively (P = 0.08; 
I2 = 83.9), and achieved mean MAP differed modestly between 
cohorts (81.7 vs 90.0 mmHg). Meta-regression did not identify a 
linear association between achieved MAP and either primary 
outcome. Certainty of evidence for primary outcomes was low, 
limited primarily by inter-study heterogeneity, confounding by 
indication within studies, and ecological confounding (treat
ment era, case-mix, inclusion criteria) across studies. These 
findings should be viewed as associative rather than causal, and 
do not demonstrate the absence or presence of benefit  from 
MAP augmentation in individual patients.

To date, the only level 1 evidence addressing this question is 
the RCT reported by Sajdeya and colleagues,10 which compared 
augmented (>85-90 mmHg) with conventional (>65-70 mmHg) 
MAP targets in 92 patients with acute traumatic SCI across 
13 trauma centers. The trial found no significant difference in 
motor or sensory AIS recovery at 6 months, but did demonstrate 
more respiratory complications, longer mechanical ventilatory 
support, and higher organ dysfunction scores in the augmented 
arm. The observational evidence summarized in the present 
review should be interpreted in light of, and is broadly con
cordant with, this level 1 source. Across heterogeneous cohorts 
grouped by MAP target, we similarly observed no significant 
difference in neurological recovery, together with a significant 
excess of respiratory complication sin patients managed with 
augmented MAP. The counterintuitive crude mortality pattern 
(38.8% vs 10.3%) is unlikely to reflect a true treatment effect, 
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Figure 4. Mortality (A) Forest plot comparing (random effects model) mortality between patients subjected to standard MAP threshold and 
those undergoing MAP augmentation. Individual study estimates are shown as squares proportional to study weight. Horizontal lines 
indicate 95% confidence interval. Diamond represents pooled estimate for overall effect. IV = inverse variance; (B) Dose-response meta- 
regression for mortality, with MAP as the moderator
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given the asymmetric denominators (103 vs 1162), substantial 
interstudy heterogeneity (I2 = 83.9), and the absence of any 
moderator effect in era-stratified sensitivity analysis. These all 
argue against a causal interpretation, and the finding  is most 
plausibly explained by study-level ecological confounding 
(treatment era, case-mix, inclusion criteria, and baseline 
severity).

As such, the principal contribution of this review is not to 
define a new MAP threshold, but to clarify why the existing 
literature remains difficult to interpret clinically: most studies 
were observational, achieved MAP separation between target 
cohorts was modest, vasopressor strategies remain hetero
geneous, and neurological assessment timing ranged from 5 to 
365 days.

Contextualizing MAP Augmentation Within Its 
Evidentiary Origins

Traumatic SCI is commonly conceptualized as a biphasic 
process, comprising an immediate primary mechanical insult 
followed by a secondary injury cascade characterized by 
vascular dysfunction, ischemia, edema, and progressive 
cellular injury.1,48 Experimental pathology and physiological 
studies have consistently identified vascular compromise and 
reduced SCBF as central contributors to secondary injury 
progression48-50 even in the absence of overt mechanical 
vessel disruption.51,52 A key observation from this work is the 
loss of physiological autoregulation following trauma, ren
dering SCBF increasingly dependent on systemic perfusion 
pressure and providing the biological rationale for strict 
avoidance of hypotension in the acute phase.3

Initial clinical support for MAP augmentation was derived 
from small observational series employing invasive monitoring 
and protocolized cardiovascular support.5,6,42,53-55 These 
studies reported neurological outcomes that were considered 
encouraging in the context of severe injury, and subsequently 
informed guideline recommendations proposing maintenance 
of MAP at 85-90 mmHg for up to 7 days post-injury.56,57

Importantly, neither the numerical threshold nor duration was 
derived from controlled dose-response data, and these recom
mendations were explicitly framed as management options 
intended to buffer against impaired autoregulation, evolving 
cord edema and hemorrhage, and the risk of neurogenic shock, 
particularly in cervical and high-thoracic injuries.58 Despite 
expansion of the literature over subsequent decades, the em
pirical basis for these thresholds remains limited, and con
temporary consensus statements continue to acknowledge 
uncertainty regarding optimal hemodynamic targets.4,25,34

Interpreting the Absence of a Consistent Association 
With Outcome

In this context, the absence of a linear association between 
achieved MAP and neurological recovery or mortality 

observed in our dose-response meta-regression suggests that 
the escalation of systemic arterial pressure alone does not 
reliably translate into proportional improvements in effective 
spinal cord perfusion across heterogeneous injury states. A 
central assumption underlying MAP augmentation is that 
increasing systemic arterial pressure reliably improves per
fusion at the site of maximal vulnerability within the injured 
spinal cord. Experimental data suggests that while MAP el
evation may increase global SCBF, perfusion responses are 
spatially heterogeneous and may not uniformly benefit  the 
injury epicenter, particularly after severe trauma. In such 
settings, blood flow may preferentially increase in less-injured 
regions, a phenomenon described as spatial perfusion “un
coupling”.59 Human physiological studies similarly suggest 
that increases in MAP do not necessarily translate into pro
portional increases in regional SCBF.60,61 When perfusion to 
the ischemic penumbra remains limited despite systemic 
hypertension, MAP augmentation is unlikely to meaningfully 
influence  neurological recovery.62 While these mechanisms 
remain incompletely characterized in clinical populations, 
they offer a plausible explanation for the absence of consistent 
associations between higher MAP targets or achieved MAP 
and improved outcomes across observational cohorts.

MAP as an Incomplete Surrogate for Spinal 
Cord Perfusion

An important limitation of MAP-centered strategies is that 
MAP represents only 1 determinant of SCPP. Following 
traumatic SCI, cord edema, hemorrhage, and swelling occur 
within a fixed  dural compartment, leading to elevations in 
ISP.63-65 Under these conditions, SCPP, defined  as MAP 
minus ISP, may more directly reflect effective tissue perfu
sion.66 Emerging observational studies suggest that SCPP 
may be more closely associated with neurological outcomes 
than MAP alone.67-69 However, ISP varies substantially be
tween patients and dynamically over time, particularly in the 
early post-injury period.24,25,29,64 Consequently, a uniform 
MAP target may correspond to widely divergent SCPP values 
across individuals. Within this framework, it is plausible that 
some patients remain relatively hypoperfused despite 
guideline-concordant MAPs, whereas others are exposed to 
higher vasopressor doses without proportional perfusion 
benefit.  These considerations highlight why fixed  MAP 
thresholds may be physiologically imprecise, though defini
tive conclusions cannot be drawn from the available evidence.

Timing, Variability, and Hypotensive Burden

Another challenge in interpreting MAP-based studies is the 
reliance on averaged MAP values over extended periods. 
Increasing evidence suggests that early perfusion status and 
burden of hypotensive episodes, particularly within the first 
48-72 hours following injury, may be more relevant to 

12 Global Spine Journal 0(0) 



secondary injury progression than averaged MAP values over 
several days.24,25,29 High-frequency physiological analyses 
indicate that transient hypotension may carry disproportionate 
prognostic value, with this effect appearing most pronounced 
in the early post-injury window.21,25,39 This distinction 
mirrors observations in other domains of vascular critical 
care, including stroke and traumatic brain injury, where 
avoidance of hypotension is consistently emphasized, but 
aggressive hypertensive strategies have not reliably demon
strated benefit.  In SCI, the existing literature therefore sup
ports the importance of hypotension avoidance but does not 
clearly establish that routine escalation beyond this threshold 
improves outcomes.

Vasopressor Choice and Microvascular Considerations

MAP augmentation is achieved through diverse pharmaco
logical strategies, and its physiological effects depend on the 
vasopressor employed. Experimental data suggest that agents 
differ in their effects on microvascular resistance and SCBF, 
with mixed α- and β-adrenergic agonists potentially exerting 
different perfusion effects compared with pure 
α-agonists.70,71 However, clinical studies evaluating vaso
pressor choice in SCI are sparse, heterogeneous, and con
founded by injury severity and institutional practice.72 As 
such, while vasopressor selection may plausibly influence 
perfusion biology, the available evidence is insufficient  to 
support agent-specific  recommendations or to meaningfully 
stratify outcomes based on pharmacological strategy.

Complications and Trade-offs of Aggressive 
Hemodynamic Support

The single statistically significant signal across all outcomes 
assessed in this review was an excess of respiratory com
plications in patients managed with augmented MAP (58.6% 
vs 39.1%; P = 0.04; I2 = 82.2%), a finding directly concordant 
with Sajdeya et al (2025),10 in which respiratory complica
tions occurred in 78% of the augmented arm vs 39% of the 
conventional arm. Reporting of other complication categories 
across included studies was inconsistent, limiting quantitative 
synthesis of overall, cardiovascular, and renal complications. 
This association is biologically plausible given the vaso
pressor exposure and fluid  administration often required to 
maintain elevated MAP targets, especially in patients with 
neurogenic shock. In the absence of consistent evidence for 
neurological benefit,  these potential trade-offs warrant con
sideration, though causality cannot be inferred from the 
current data.

Limitations of the Evidence Base

The conclusions of this review are constrained by quality and 
design of the underlying studies. Most included cohorts were 

observational and therefore subject to confounding by indi
cation, which is particularly relevant in SCI complicated by 
neurogenic shock. Patients with cervical or high-thoracic 
injuries, who have a worse baseline prognosis, often re
quire more aggressive vasopressor support to achieve pre
scribed MAP targets, such that observational comparisons 
may spuriously associate MAP augmentation with poorer 
outcomes. However, this mechanism does not explain the 
crude mortality pattern observed in this review, which is more 
consistent with study-level ecological confounding, including 
differences in treatment era, case-mix, inclusion criteria, and 
baseline injury severity. These factors preclude causal in
terpretation of the apparent mortality difference between 
cohorts.

Substantial heterogeneity was observed across primary 
outcomes. To explore sources of inter-study heterogeneity, 
prespecified exploratory analyses were performed stratifying 
cohorts by injury level and severity. However, heterogeneity 
largely persisted following stratification,  suggesting that 
variability is not primarily driven by anatomical injury 
characteristics alone, but likely reflects  broader inter-study 
differences, including MAP thresholds and achieved MAP 
values, monitoring fidelity,  vasopressor choice, timing of 
neurological outcome assessment, and co-interventions across 
studies. Vasopressor strategies were heterogeneous and fre
quently multi-agent, precluding robust class- or agent-specific 
comparisons. Prescribed MAP thresholds frequently differed 
from achieved MAP values, as maintaining MAP within 
narrow target ranges is often impractical in the context of 
dynamic physiological fluctuations, complicating interpreta
tion.73 In turn, the modest separation in achieved MAP be
tween target cohorts (81.7 vs 90.0 mmHg) may have 
compromised the ability of study-level analyses to detect a 
therapeutic effect of MAP augmentation. Lastly, most studies 
reported AIS change as the primary neurological outcome, a 
relatively coarse measure that may not fully capture differ
ences in recovery trajectory compared with more granular 
metrics (such as ASIA motor score). In addition, while a 
sensitivity analysis restricted to outcomes assessed at ≥ 
3 months was feasible for the AIS improvement (proportion) 
outcome, the smaller number of studies and fragmentation of 
follow-up windows precluded an equivalent analysis for mean 
AIS improvement. This should be considered when inter
preting the latter result.

LOS was a prespecified  secondary outcome. However, 
hospital and ICU stay are highly multifactorial, reflecting 
injury severity, complications, surgical timing, regional re
habilitation pathways, and discharge logistics, and any ob
served differences across cohorts cannot be attributed to MAP 
management. The LOS findings reported here should there
fore be regarded as descriptive only and do not inform 
conclusions regarding the clinical utility of MAP 
augmentation.

Given significant  heterogeneity in baseline patient char
acteristics, exploratory meta-regression analyses using 
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measured MAP were performed (adjusted for age, sex, injury 
level, and injury severity) for AIS improvement proportion 
(10 studies), mean AIS improvement (7 studies), and mor
tality (5 studies). Each of these analyses were informed by a 
limited number of contributing studies, and none was ade
quately powered to detect or exclude a clinically meaningful 
linear dose-response relationship between achieved MAP and 
the outcome assessed. Estimates should therefore be in
terpreted cautiously and viewed as exploratory rather than 
confirmatory. The absence of significant associations should 
not be construed as evidence of no underlying 
relationship. Finally, SCI is biologically heterogeneous, and 
neurological outcome may be strongly influenced by lesion 
location, tract involvement, and intrinsic plasticity, inde
pendent of perfusion physiology in some patients.74

Conclusions

In summary, among cohorts grouped by MAP targets, we did 
not observe a significant  pooled difference in neurological 
improvement or mortality. Interpretation remains limited by 
substantial heterogeneity, predominantly observational data, 
confounding by indication, and modest separation in achieved 
MAP. Current evidence supports strict avoidance of hypo
tension but does not establish that all patients benefit  from 
routine augmentation to MAP. Future studies may benefit 
from physiology-informed approaches incorporating direct 
measures of ISP and SCPP, higher-resolution perfusion 
monitoring, and injury-specific stratification, but such strat
egies remain investigational at present.
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