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Abstract

Study Design: Retrospective study.

Objectives: To evaluate the demographics, prevalence, etiology, severity, and outcomes of spinal cord injuries (SCIs) resulting
from ischemic infarction.

Methods: All patients with SCI and a diagnosis of cord infarct who were admitted to the inpatient rehabilitation unit at a level 1
trauma center from January 2003 to January 2014 were identified using an administrative billing database. Outcomes measures
were evaluated.

Results: Among 685 unique SCI patients who were identified, 30 (4.4%) had SCI due to spinal ischemic infarction. The mean age
was 59 years (range 17-80 years). Fifty percent of patients had ASIA (American Spinal Injury Association) A and B severity. Most
common causes were the following: 6 (20%) abdominal aortic aneurysm (AAA) repairs, 6 (20%) arteriovenous fistulas, and 6
(20%) with an unknown cause. Surgical complications led to 4 (13.3%) cord infarcts and was associated with a higher severity of
injury (P ¼ .02) compared with other etiologies. Other causes included systemic hypotension, AAA rupture, trauma, diabetic
ketoacidosis, and after radiation therapy. At follow-up, 6 (20%) of patients were able to ambulate normally without assistance, 7
(23.3%) were ambulating with assistance, and 17 (56.7%) were still wheelchair bound. Clinical improvement in ambulatory status
was noted in 6 (20%) patients and was associated with less severe initial injury (P ¼ .02).

Conclusions: While the existing literature associates spinal cord infarction with aortic pathologies and surgery, these caused less
than 30% of cases, while nonaortic surgical complications were associated with the most severe injuries. Outcomes were worse
than previously reported in the literature.
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Introduction

Patients with spinal cord injuries (SCI) have high lifelong

health care expenses and a significantly diminished quality of

life.1 Spinal cord ischemia and infarcts represent only 5% to

8% of all acute myelopathies and less than 2% of vascular

neurologic pathologies. They are rare and often overlooked

causes of cord injury that deserve further analysis.2,3

Spinal cord ischemia and infarction occur as a result of

restricted blood flow to the spinal cord, leading to disrupted

oxygen and glucose delivery, and subsequent metabolic failure

of the cord tissue. The spinal cord is supplied by an anterior

spinal artery and 2 posterior spinal arteries, which in turn

receive their blood supply based on region: C1-T3 is supplied

by the vertebral arteries, T3-T7 receives a branch from the

intercostal arteries, and T8 to the medullary conus is derived

from the Adamkiewicz artery as well as branches of the
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common or internal iliac arteries.4,5 Etiologies of spinal cord

infarction vary greatly and include atherosclerosis, systemic

hypotension, infection, emboli, vasculitis, aortic pathologies,

coagulopathy, vascular surgery, and other surgical procedures,

to name just a few. Conflicting risk factors for more severe cord

infarction have been reported. Younger age, cardiac diseases,

and higher blood glucose levels have been associated with

increased severity.6 Some studies report male gender to be a

risk factor whereas other studies have found female sex to be

associated with worse severity and outcomes.2,6 Studies regard-

ing the clinical outcomes of spinal cord infarction are limited

and vary.7,8

One important factor that has been changing the health care

landscape in the United States is the aging population. The

geriatric population is growing rapidly, and the median age

of initial SCI has been increasing at an even faster rate.9,10

Cord injuries of both traumatic and nontraumatic etiologies are

anticipated to increase.11,12 Risk factors for spinal cord infarcts

are undoubtedly changing as well, as the prevalence of abdom-

inal aortic aneurysm (AAA) in patients older than 65 years and

in particular those with a cigarette smoking history have

increased.13 There has also been an increase in both elective

and rupture repair in the elderly population.14

While many studies have been published on spinal cord

infarction in relation to operations for aortic syndromes and

other surgical procedures, aortic pathologies are just one of

many risk factors that contribute to infarcts.15,16 In fact, the

majority of cases are not a result of aortic aneurysms or surgical

procedures.3,6,7 In up to 60% of cases the cause of spinal cord

infarction is unknown.17,18 With the shifting healthcare land-

scape and a lack of recent literature encompassing all etiologies

of cord infarct and clinical outcomes, an evaluation of spinal

cord infarcts is necessary.

Using a large single institution SCI database that includes

both traumatic and non-traumatic causes, our objective was to

evaluate the demographics, prevalence, etiology, severity, and

outcomes of SCIs resulting from infarction.

Materials and Methods

This study was approved by our institutional review board and

is a retrospective review of all patients with SCI admitted to the

inpatient rehabilitation unit of a level 1 trauma center from

January 2003 to January 2014. Subjects were identified using

an administrative billing database that generated a list of

patients meeting our search criteria. These patients were man-

aged at a single tertiary care academic center by multiple sur-

geons and providers. All patients that were enrolled

demonstrated traumatic or nontraumatic SCI of the cervical,

thoracic, and/or lumbar level. Some double entries due to read-

missions were noted and excluded from the study, as were

those with incomplete medical records. Finally, those with a

diagnosis of spinal cord infarct (confirmed with magnetic reso-

nance imaging) were evaluated in further detail.

Demographic and clinical data were analyzed, including

age, sex, race, ethnicity, American Spinal Injury Association

(ASIA) grade, infarct etiology, functional ambulatory out-

comes at follow-up, and mortality. Patient outcomes (including

mortality) were followed using electronic medical records up to

June 1, 2018. Clinical improvement was defined in patients

who had been completely dependent and wheelchair bound

on admission but able to walk with or without assistance at

follow-up, or in patients who had initially been walking with

aids or assistance but were able to walk without aids or assis-

tance at follow-up.

For statistical analysis, we used the chi-square test and Fish-

er’s exact test for correlations between categorical variables.

Logistic regression analyses were utilized when there was a

continuous independent variable (eg, age). Significance was

set at P < .05.

Results

Demographics and Prevalence

A total of 757 initial SCI entries were identified and 685 unique

patients met our inclusion criteria. Of those, 30 (4.4%) had SCI

due to spinal ischemic infarction (Table 1). Twenty (66.7%)

were males and 10 (33.3%) were females. Patients were pre-

dominantly white (25, 83.3%), followed by 2 (6.7%) black

patients, and 1 (3.3%) each of Asian, other, and unknown. The

mean age at admission was 59 years (range 17-80 years).

Infarct Etiology and Injury Severity

Of the 30 patients, 12 (40%) had an ASIA grade A, 3 (10%)

were noted to be ASIA B, 4 (13.3%) ASIA C, and 11 (36.7%)

ASIA D (Table 2). The severity of cord injury was also noted

for each etiology of cord infarct. Etiologies were led by 6

(20%) patients who had cord infarct as a result of AAA repair

(4 open thoracoabdominal repairs, 1 thoracic endovascular

repair, and 1 infrarenal endovascular repair), as well as 6

(20%) with arteriovenous (AV) fistula and 6 (20%) with an

unknown cause of ischemic infarct. Half of the AAA repair

patients had an ASIA grade of A and the other half ASIA D.

AV Fistulas were predominantly associated with the lower

ASIA C and D scores (5, 83.3%). Surgical complications led

Table 1. Demographics.

n (%) of All SCI Infarct Patients (N ¼ 30)

Gender
Males 20 (66.7)
Females 10 (33.3)

Race
White 25 (83.3)
Black 2 (6.7)
Asian 1 (3.3)
Other 1 (3.3)
Unknown 1 (3.3)

Age at admission (years)
Mean (range) 59 (17-80)

Abbreviation: SCI, spinal cord injury.
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to 4 (13.3%) cord infarcts and was associated with a higher

severity of injury (4 ASIA A) (P ¼ .02) compared with other

etiologies. These 4 surgeries were anterior corpectomy and

fusion for an L1 burst fracture, appendectomy, video-assisted

thoracoscopic surgery (VATS) for drainage and biopsies, and

an aortic mesenteric bypass. Intraoperative neuromonitoring

was not used in any of the surgeries.

Three (10%) cord infarct cases were due to systemic hypo-

tension, and 2 (6.7%) were due to aortic rupture. Hypotension

in the setting of trauma accounted for 1 (3.3%) case. Finally,

there was 1 patient (3.3%) with infarct in the setting of diabetic

ketoacidosis (DKA) (Figure 1) and 1 (3.3%) after radiation

therapy for a C7 plasmacytoma lesion. Both of these were

associated with ASIA A severity.

Seventy percent of females had severe cord infarct injuries

(ASIA A and B), compared with only 40% in males, though

this was not statistically significant. Increased age was not

associated with higher ASIA grade (P ¼ .75).

Clinical Outcomes

Mean follow-up for clinical outcomes was 2.7 + 3.0 years

(Table 3). At follow-up, 6 (20%) of the patients were able to

ambulate normally without assistance, 7 (23.3%) were ambu-

lating with assistance, and 17 (56.7%) were still wheelchair

bound. Those who were ambulating normally all had an initial

ASIA grade of D, and the majority of those who were still

wheelchair bound at follow-up had severe initial injury (ASIA

A or B, n ¼ 14, 82.4%, P ¼ .0001). Clinical improvement in

ambulatory status was noted in 6 (20%) patients, of whom 1

was initially ASIA B and 5 were ASIA D. Clinical improve-

ment was significantly associated with less severe initial injury

(P ¼ .02).

Mortality outcomes were also noted (Table 4). 1 (3.3%) died

in the hospital prior to discharge, 25 (83.3%) were still alive at

1 year after discharge, and 21 (70.0%) were alive at 6 years

postdischarge. Two (6.7%) patients were deceased with an

unknown date of death, the status of 4 (13.3%) were unknown,

and 15 (50%) were still alive as of June 1, 2018. The overall

deceased rate was 36.7%, and this was not significantly asso-

ciated with increased age (P ¼ .24).

Discussion

SCIs are associated with high health care costs (currently esti-

mated to be $40 billion in the United States) and significantly

reduced quality of life, and the epidemiology is shifting rap-

idly.11 Spinal cord infarcts are a commonly overlooked cause

of these devastating injuries. The existing literature primarily

focuses on spinal cord infarcts as a result of aortic pathologies,

but etiologies of infarcts vary greatly.6,7 In this study, we eval-

uated all patients with SCI caused by infarcts and note their

etiologies and outcomes.

Of 685 unique SCI patients who met our inclusion criteria,

30 (4.4%) were due to spinal cord infarcts, which is in line with

existing literature.2,3 Our cohort was 66.7% male and 33.3%
female. Some studies have had primarily males while others

have noted females to be risk factors, but the sample size of

these studies is too small to make definitive conclusions

regarding gender and cord infarcts.2,6,19 Age of these patients

also vary greatly although our data aligns with prior stud-

ies.18,20 Half of the patients had ASIA A and ASIA B severity,

followed by 13.3% ASIA C and 36.7% ASIA D, with the

overall severity being greater than previously described.2 We

found that the most common causes of infarct were AAA repair

(20%), AV fistula (20%), and other (20%). AAA rupture

caused 6.7% of cases. Some studies have shown aortic surgery

(eg, AAA repair) to be a more common cause of infarct com-

pared with nonsurgical aortic pathology (eg, AAA rupture)

while others reveal the opposite, but our data is consistent with

existing literature in that aortic pathologies and surgeries

together account for less than 30% of cord infarcts.18,20 Among

the aortic related infarcts, severity is split, with half having an

SCI grade of ASIA A or B and the other half ASIA C or D.

Other surgeries were associated with the highest severity of

injury (P ¼ 0.02), with all 4 cases leading to ASIA A injuries.

In all cases, injury was confirmed postoperatively with mag-

netic resonance imaging. Given the lack of neuromonitoring

during these surgeries, it is difficult to discern any specific

intraoperative moments that may have caused the infarcts.

Two rare cases deserve special attention. One patient (a 44-

year-old African American male) had spinal cord infarction

that was attributed to DKA, leading to ASIA A SCI (Figure 1).

There have been only 3 prior reported cases of this during our

literature search.21-23 Because of the rarity of this clinical sce-

nario, the pathophysiology of DKA leading to spinal cord

edema and thus infarction is unclear. Theories have included:

systemic hypotension and hypoxia, rapid changes in serum

osmolarity, hyperviscosity, and electrolyte abnormalities.24 In

Table 2. Cord Infarct Etiology and SCI Severity.

Severity of SCI, n (% of all SCI Infarct Patients)

All
Patients ASIA A ASIA B ASIA C ASIA D

Overall 30 12 (40) 3 (10) 4 (13.3) 11 (36.7)
Etiology

AAA repair 6 (20) 3 0 0 3
AV fistula 6 (20) 0 1 2 3
Other ischemia 6 (20) 1 2 1 2
Surgical

complication
4 (13.3) 4 0 0 0

Systemic
hypotension

3 (10) 1 0 1 1

AAA rupture 2 (6.7) 1 0 0 1
Trauma 1 (3.3) 0 0 0 1
Diabetic

ketoacidosis
1 (3.3) 1 0 0 0

Radiation therapy 1 (3.3) 1 0 0 0

Abbreviations: SCI, spinal cord injury; ASIA, American Spinal Injury Associa-
tion; AV, arteriovenous; AAA, abdominal aortic aneurysm.
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the most recent published case described by Christodoulidou

et al,23 cord edema and infarct was attributed to increased

hyperosmolar state at baseline in addition to rapid fluid admin-

istration for the management of DKA. Because of the disease

state of diabetes mellitus, there is chronic hyperosmolarity in

the serum, and central nervous system (CNS) cells protect

themselves by producing intracellular osmoles. When serum

osmolarity decreases sharply, as can happen during rapid fluid

resuscitation for the management of DKA, the relative hyper-

osmolarity in CNS cells results in edema and infarction of the

spinal cord.24,25 Our second unique case of infarction (in

a 77-year-old white female) related to radiation therapy is dis-

cussed in basic and translational research realms but still rela-

tively rare in clinical literature. The mechanism here is more

Figure 1. A 44-year-old-male with ASIA (American Spinal Injury Association) A spinal cord infarction associated with diabetic ketoacidosis. (A)
Sagittal T2-weighted magnetic resonance image of the thoracic spine demonstrating the increased spinal cord signal and infarction at the
cervicothoracic junction and (B) thoracolumbar junction.

Table 3. Functional Outcomes at Follow-up.

Outcomes by Initial ASIA Grade

All (N ¼ 30) A (n ¼ 12) B (n ¼ 3) C (n ¼ 4) D (n ¼ 11)

Mean follow-up, years (SD) 2.7 (3.0) 2.0 (2.8) 3.1 (2.4) 1.9 (2.1) 3.7 (3.7)
Ambulation at follow-up, n (%)

Normal 6 (20) 0 0 0 6 (54.5)
Walk with assistance 7 (23.3) 0 1 (33.3) 2 (50) 4 (36.4)
Wheelchair 17 (56.7) 12 (100) 2 (66.7) 2 (50) 1 (9.1)

Clinical improvement, n (%) 6 (20) 0 1 (33.3) 0 5 (45.5)

Abbreviation: ASIA, American Spinal Injury Association.
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obvious: radiation leading to changes in permeability of the

blood-brain barrier, altered blood flow, and ultimately

ischemic necrosis of CNS tissue.26,27

Literature on the clinical outcomes of spinal cord infarct is

sparse. The mean follow-up represented here was 2.7 years,

though the range varied greatly from 3 days to 10.8 years.

Owing to lack of consistency in follow-up data regarding other

clinical measures (eg, bowel or bladder function), ambulation

was used as the primary functional assessment of clinical out-

comes. At last known follow-up, 20% of patients were ambu-

lating normally, 23.3% were able to walk with assistance, and

56.7% were wheelchair bound. Those who were able to ambu-

late normally all had an initial ASIA grade of D, and those with

severe initial injury (ASIA A or B) were almost all wheelchair

bound at follow-up (P ¼ 0.0001). Clinical improvement was

seen in 6 (20%) patients and was associated with less severe

initial injury (P ¼ 0.02). Our outcomes are significantly worse

than most prior studies. One study reported that only 20% were

wheelchair bound at follow-up, and another reported 35.2%
rate of nonambulation, compared with our findings of

56.7%.2,8 Novy et al7 noted a 70% clinical improvement rate,

significantly higher than our 20%. Overall mortality rate at

latest follow-up was 36.7%, which was also higher than previ-

ously reported.2,8 Unsurprisingly, mortality in the cord infarct

patients is greater than that of the overall SCI population.11

The etiologies of spinal cord infarcts listed in this study

align with existing literature in some realms but deviate in

others. Consistent with other studies, we found that aortic

pathologies and associated surgeries generally account for

25% to 30% of spinal infarcts.18,20 Thus, while most cord

infarct literature is within the aortic pathology and surgical

realm, more than 70% of cord infarcts are caused by other

mechanisms, such as AV fistulas (20%), other, or unknown

(20%), nonaortic surgeries (13.3%), or systemic hypotension

(10%), to name just a few. We found clinical outcomes to be

significantly worse than prior studies, which was likely due to

multiple factors, including differences in mean age, etiology of

injury, length of follow-up, and most notably our higher pro-

portion of ASIA A patients, indicating the significant poor

prognostic predictor of a severe initial cord injury. Our data

reveals that clinical improvement and normal ambulatory sta-

tus are seen primarily in those who had the least severe initial

SCI (ASIA D). We hope the findings of our large single-center

study of spinal cord infarcts will prompt providers and

researchers to consider spinal cord infarcts with a more holistic

approach, recognizing that these injuries occur not only with

aortic pathologies but with many others, including rare ones

such as diabetic ketoacidosis and radiation therapy. Providers

and caretakers should be aware of the relatively poor prognosis

of SCIs as a result of infarction (particularly in those with more

severe initial presentation), and these cases should be managed

at or referred to SCI rehabilitation centers.

There are several limitations to this study. First, this was a

single center study, the demographics of which cannot be extra-

polated to other regions of the United States or globally. Sec-

ond, follow-up length varied greatly and the loss of follow-up

in some patients may have biased the outcomes data. For exam-

ple, the patients who had clinical improvement may have

decided that they no longer needed to follow-up, and this pos-

itive functional outcome would have been missed and not rep-

resented in our data. In addition, patient mortalities prior to

rehabilitation center admission (the inclusion event for this

study) lead to an underestimation of the scope of acute SCI

at our facility. It should also be noted that this study was limited

in sample size and lacked a control group. Finally, we did not

have standardized patient-reported outcomes because these

patients were treated by multiple providers from many different

specialties.

In conclusion, spinal cord ischemic infarct is a rare and often

overlooked cause of SCI. While the majority of existing liter-

ature associates spinal cord infarction with aortic pathologies

and surgery, this study demonstrates that the etiologies vary

greatly and include rare ones such as diabetic ketoacidosis and

radiation therapy. Infarcts cause severe SCI, with half of our

patients having an ASIA A or B grade. Nonaortic surgical

complications were associated with the most severe injuries.

Ambulatory functional outcomes and clinical improvement

were worse than previously reported. We hope that this study

will direct future evaluation and assessment of ischemic cord

infarction and lead to effective care measures.
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Table 4. Mortality Outcomes.

n (%) of all SCI
Infarct Patients

Years from hospital discharge, N (%) alive
At discharge 29 (96.7)
1 25 (83.3)
2 24 (80.0)
3 23 (76.7)
4 22 (73.3)
5 22 (73.3)
6 21 (70.0)

Overall deceased 11 (36.7)
Unknown status 4 (13.3)
Still alivea 15 (50.0)

Abbreviation: SCI, spinal cord injury.
a As of June 1, 2018.
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