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Respiratory System

ABSTRACT

Winslow C, Rozovsky J: Effect of spinal cord injury on the respiratory
system. Am J Phys Med Rehabil 2003;82:803–814.

There are �200,000 persons living with a spinal cord injury in the
United States, with approximately 10,000 new cases of traumatic injury
per year. Advances in the care of these patients have significantly
reduced acute and long-term mortality rates, although life expectancy
remains decreased. This article will review the alterations in respiratory
mechanics resulting from a spinal cord injury and will examine the
contribution of respiratory complications to morbidity and mortality as-
sociated with various types of spinal cord injury.
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A spinal cord injury (SCI) is among the most catastrophic injuries that a
person can experience. The personal and societal effect of a significant SCI is
profound because it confers lifelong disability on persons who are typically
young adults. Fifty-four percent of all SCIs occur in individuals between 16 and
30 yr of age, with 75% of injuries occurring in those �45 yr old.1

The economic effect of SCI is considerable. Presently, there are �200,000
persons living with an SCI in the United States, with approximately 10,000 new
cases of traumatic injury per year.2,3 Acute SCI is the second most expensive
condition treated in United States hospitals, with mean acute care hospital
charges of $53,000, exceeded only by the respiratory distress syndrome of
infants, with mean charges of $68,000.4 Furthermore, it has been estimated
that in the United States alone, $8 billion is spent annually in medical charges,
household assistance, environmental modifications, and other support services
attributable to SCI.5

Respiratory complications are frequent in persons with SCI and contribute
significantly to associated morbidity, mortality, and economic burden.4,6–10 In

October 2003 Spinal Cord Injury and the Respiratory System 803

Literature Review

Spinal Cord Injury



this article, we will examine the al-
terations in respiratory mechanics
resulting from an SCI, explore the
contribution of respiratory complica-
tions to mortality in SCI, and review
the data regarding respiratory com-
plications in persons with SCI.

Frequency and Classification of SCI.
The spinal level of neurologic injury,
the type of neurologic deficit, and the
duration of injury are all factors that
determine the degree of respiratory
compromise. In general, functional
impairment worsens as the level of
injury is more cephalad. In addition,
a complete SCI, defined as the ab-
sence of motor or sensory function
below the injury (classified as Amer-
ican Spinal Injury Association [ASIA]
score A), results in a greater func-
tional impairment than incomplete
injuries (ASIA scores B–D) (Fig. 1) in
which some residual function below
the level of injury remains. An injury
to the spine without a resulting neu-
rologic deficit is classified as an ASIA
E injury. Figure 1 stratifies 17,243
persons with neurologic deficits from
a cervical, thoracic, or lumbar SCI
entered into the National Spinal Cord
Injury Database (NSCID) from 1993
through 1998 by admission level of
injury and ASIA impairment score.
Injuries involving the cervical spinal
cord are very common, with levels of
injury from C4 through C7 account-
ing for 8,132 (47%) of all injuries for
this cohort. Given the frequency of
cervical levels of injury, nearly half of
all patients with a neurologic deficit
from an SCI will experience signifi-
cant respiratory compromise.

Respiratory Mechanics After SCI. The
study of the alterations in respiratory
mechanics resulting from SCI has fur-
thered the understanding of normal re-
spiratory muscle function. The main
muscles known to contribute to respi-
ration are shown in Figure 2. During
quiet breathing, coordination of the di-
aphragm, the intercostals muscles, and
the scalene muscles allow the chest

wall to move with a single degree of
freedom along its relaxation character-
istic.11–13 The relaxation characteristic
is a line that results from a plot of
abdominal vs. rib cage movement dur-
ing passive lung inflation. Breathing
along this line represents optimal effi-
ciency of the respiratory system. The
study of subjects with selected types of
SCI has allowed us to examine the ef-
fect of components of this respiratory
system in a way not permitted in the
intact subject and to demonstrate that
each component muscle group acting
in the absence of the others induces
marked conformational changes of the
chest wall that shifts the operational
characteristic away from the relaxation
line (Fig. 3). In general, the isolated
contraction of the diaphragm, in the

absence of intercostal and scalene mus-
cle contraction, expands the lower rib
cage but collapses the upper rib cage.
Conversely, contraction of the strap
muscles of the neck and the intercos-
tals in the absence of diaphragmatic
contraction expands the upper rib cage
with deleterious effects on the lower
cage. The next section will examine the
contribution of each muscle to the re-
spiratory pump both in the intact state
and then after a significant SCI. The
innervations of the main muscles of
respiration are shown in Table 1.

Diaphragm. The diaphragm is the
most important muscle of inspira-
tion. The radius (r) of curvature of
the diaphragm is an important deter-
minant of force development because

Figure 1: Level of injury and American Spinal Injury Association (ASIA) impair-
ment scale at hospital admission. National Spinal Cord Injury Database,
1993–1998.
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transdiaphragmatic pressure (Pdi) re-
lates to the tangential tension (Tdi)
developed by the diaphragm accord-
ing to LaPlace’s law: Pdi � Tdi/r

2.
Thus, a more tightly curved dia-

phragm results in a smaller r and more
effective translation of diaphragmatic
tension (Tdi) to Pdi.

14 Because of its
curvature, the diaphragm abuts the
lower ribcage forming the zone of ap-
position. This circumferential zone is
greater at lower lung volumes and de-
creases as the diaphragm moves cau-
dally during inspiration.15 In the intact
person, contraction of the diaphragm
increases negative intrathoracic pres-
sure by increasing thoracic volume
with a compensatory displacement of
the abdominal contents.

In a study of two C1 tetraplegic
subjects with diaphragmatic pacers
and denervated scalene and paraster-
nal intercostal muscles, Danon et
al.13 showed that the anteroposterior
and transverse diameters of the upper
rib cage are reduced with diaphrag-
matic stimulation. The absence of
scalene and intercostal muscle func-
tion in these subjects caused an in-
ward movement of the upper rib cage
during inspiration when negative
pleural pressure was generated by
electrically stimulated diaphragmatic
contraction. This paradoxical motion
of the upper rib cage diminishes the
effectiveness of the inspiratory effort.

In the uninjured person, as the
diaphragm moves caudally during in-
spiration, it presses on the abdominal
contents that act as a fulcrum and
transmit “appositional” forces later-
ally to expand the lower rib cage.16

The magnitude of the appositional
force depends on (1) the rise in ab-
dominal pressure and (2) the area of
the zone of apposition.12 Studies of
thoracoabdominal movements in
persons with tetraplegia demonstrate
that increases in the anteroposterior
and transverse diameters of the abdo-
men are greater than the changes in
comparable dimensions of the lower
rib cage.12,13 An examination of the
effect of posture on thoracoabdomi-

nal function can help explain this
observation.

In tetraplegic persons, tidal vol-
ume (VT), Pdi, and airway occlusion
pressures are greater in the supine
compared with the upright posture.13

When persons with tetraplegia as-
sume an upright posture, lung vol-
ume increases as the abdominal con-
tents are shifted caudally due to
gravitational forces and the lack of
abdominal muscle tone. As shown in
Figure 4, this caudal shift (1) short-
ens diaphragmatic muscle fiber
length reducing Pdi, (2) decreases the
zone of apposition, and (3) increases
r. All contribute to a reduction in Tdi.
As a result, VT is lower in the upright
compared with the supine posture.
Therefore, in the upright posture, ap-
positional forces are reduced in per-
sons with tetraplegia both because of
an inability to raise abdominal pres-
sure due to a lack of abdominal mus-

cle tone and a decrease in the zone of
apposition. The relationship between
resting lung volume, VT, and posture
is shown in Figure 5.

For subjects with tetraplegia,
VT increases about 16% with the
addition of an abdominal binder,
primarily due to an increase in both
anteroposterior and lateral rib cage
excursion during inspiration.13 By
supporting the abdominal wall,
binders shift the abdominal con-
tents cephalad. For persons with
some residual function of the dia-
phragm, this cephalad shift restores
the fulcrum effect of the abdominal
contents facilitating expansion of
the lower rib cage. Abdominal bind-
ers also allow the lung to operate
at a lower functional residual capac-
ity, perhaps placing the remaining
functional inspiratory muscles in a
position of greater mechanical
advantage.

Figure 2: Main muscles of respiration.
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Intercostal Muscles. Data concerning
intercostal muscle function in tetra-
plegia reveal conflicting findings. In-
tercostal muscle activity, as mea-
sured by surface electromyographic
(EMG) recordings, has been reported
as absent17–19 in phase with other
inspiratory muscles17 or continuous
throughout the respiratory cycle,
suggesting spasticity.12,18,19 These
patterns of activity do not correlate
with level of SCI, duration of injury,
or any measure of rib cage deforma-
tion. One possible explanation may be
that none of these studies present any
data regarding neurologic function
other than the level of injury. Be-
cause SCI can be asymmetric and in-
complete injuries are present in
about half of those with tetraplegia,20

differences in patterns of residual in-
nervation between subjects may ex-
plain these findings.

In addition to alterations in in-
tercostal muscle function as a result
of denervation, the ribcage stiffens
considerably in the months after cer-
vical SCI.17,18,21,22 Although the
mechanism of these alterations is un-
clear, several factors have been pro-

posed as contributory.18 Chronically
diminished thoracic excursions due
to inspiratory muscle weakness is be-
lieved to induce stiffness of the ten-
dons and ligaments and ankylosis in
the joints of the rib cage.18 Paralysis
of the intercostal muscles decreases
rib cage excursion by poorly trans-
mitting and distributing the inspira-
tory forces throughout the rib cage.19

A seemingly contradictory theory
proposes that spasticity of the inter-
costal muscles causes chest wall stiff-
ness.12 Lastly, a decrease in the com-
pliance of the lungs from atelectasis
and an increase in compliance of the
abdomen due to the lack of muscle
tone in the abdominal wall further
contribute to thoracic stiffness.18

Muscles of the Neck and Shoulder
Girdle. Some muscles of the neck
and shoulder girdle can also serve
as muscles of respiration. When
their extrathoracic insertion point
is fixed, contraction of these mus-
cles can exert changes in the shape
of the chest, thereby assisting ven-
tilation. Indirect evidence for the
role of these muscles in respiration

has been suggested by Banzett et
al.,23 who showed that normal sub-
jects could achieve higher minute
ventilations with their arms sup-
ported on a table, rather than un-
supported at their sides. Depending
on the level and completeness of
the SCI, the function of these mus-
cles may be preserved because they
are innervated by cervical nerve
roots and the accessory nerve (cranial
nerve XI). These muscles include
the scalene, the sternocleidomas-
toids, the trapezii, and the pectora-
lis major.

Studies of the scalene muscles
using needle EMG in normal subjects
have demonstrated that they are ac-
tive during quiet breathing in both
the supine and upright posture and,
thus, should be considered primary,
not accessory, muscles of inspira-
tion.11,24 Coordinated contraction of
these muscles seems to be necessary
for the rib cage to achieve a full range

Figure 3: Konno-Mead plot of abdominal motion (abscissa) vs. rib cage motion
(ordinate). AP, anteroposterior. Straight dotted line indicates relaxation char-
acteristic; solid circle indicates end-exhalation; open circle indicates end-inha-
lation; arrows indicate the direction of motion. Adapted with permission.13

Figure 4: Posteroanterior (upper
panel) and lateral (lower panel)
views of the chest. Dashed lines rep-
resent the chest at functional residual
capacity; solid lines represent the
chest at end-inspiration; thick lines
indicate the diaphragm. Adapted
with permission.12
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of movement along its relaxation
characteristic.11

Because the scalenes are inner-
vated by the lower six cervical nerves,
some residual function of these mus-
cles is often preserved in an SCI involv-
ing the lower cervical cord. Estenne
and De Troyer11,12 demonstrated that
the pattern of scalene EMG activity
in persons with tetraplegia pre-
dicted upper rib cage motion. Sub-
jects with either a lack of phasic
inspiratory EMG activity or contin-
uous (spastic) activity were more
likely to demonstrate a paradoxical
decrease in the anteroposterior diam-
eter of the upper rib cage during in-
spiration than subjects with phasic
inspiratory activity of the scalenes.
Their findings confirm the observa-
tions of Danon et al.,13 who also
found paradoxical movement of the
upper and middle rib cage with iso-
lated contraction of the diaphragm in
the absence of scalene and intercostal
muscle activity.

During quiet breathing in an un-
injured person, the sternocleidomas-
toid muscle contributes little to
respiration. However, as minute ven-
tilation increases, phasic inspiratory
EMG activity is found, suggesting its
role as an accessory muscle of respi-

ration.24,25 Because it is innervated
by the first and second cervical
nerves and the accessory nerve, the
function of the sternocleidomastoid
muscle is generally preserved in all
but the highest levels of cervical SCI.
Both the sternocleidomastoids and
the trapezii are important muscles of
respiration in tetraplegia. With its or-

igins on the clavicle and the sternum
and its insertion on the mastoid pro-
cess, contraction of the sternocleido-
mastoid can elevate the upper rib
cage when the head is held fixed by
the upper fibers of the trapezii. In
subjects who were either ventilator
or diaphragm-pacer dependent, iso-
lated contraction of these muscles
markedly increased the anteroposte-
rior diameter of the upper chest with
little change in transverse dimen-
sion, suggesting that these muscles
act as a “pump handle” and elevate
the upper rib cage during inspira-
tion.13,19 In addition, contraction of
these muscles in the absence of dia-
phragmatic function, causes a para-
doxical decrease in the anteroposte-
rior diameter of the abdomen and the
transverse diameters of both the ab-
domen and lower rib cage.13,19 Thus,
isolated contraction of these muscles
has a positive effect on the upper rib
cage and an adverse effect on the
lower rib cage and abdomen, just as
the converse is true for the dia-
phragm because isolated diaphrag-
matic contraction favorably affects
the abdomen and lower rib cage and

Figure 5: The relationship between lung volume, tidal volume, and posture.
Used with permission.13

TABLE 1
Muscles of respiration and their innervation
Muscle Innervation

Inspiratory, primary
Diaphragm C3–C5
Intercostals T1–T11
Scalene

Anterior C3–C4
Middle C5–C6
Posterior C6–C8

Inspiratory, accessory
Sternocleidomastoid C2–C4 and accessory N. (XI)
Trapezius C1–C4 and accessory N. (XI)

Expiratory
Rectus abdominus T6–T12
Transversus abdominus T2–L1
Internal and external obliques T6–L1
Pectoralis major Medial and lateral pectoral N. (C5–T1)

C, cervical; T, thoracic; L, lumbar; N, nerve.
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adversely affects motion of the upper
rib cage.

The accessory muscles of respi-
ration can also be recruited to assist
in exhalation in persons with tetra-
plegia. The EMG activity of pectoralis
muscle has been demonstrated dur-
ing exhalation26,27 and cough.28 In
addition, a randomized trial of 12
subjects with levels of injury between
C5 and C8 showed that a 6-wk train-
ing program using repetitive isomet-
ric contraction of the pectoralis mus-
cles resulted in improved exhalatory
function as measured by a 47% in-
crease in the expiratory reserve vol-
ume compared with controls.27 This
training effect persisted when sub-
jects were retested 10 wk after dis-
continuing exercise.

Muscles of the Abdomen. During
quiet breathing, exhalation is a pas-
sive process occurring in the absence
of thoracic or abdominal muscle con-
traction. However, as minute ventila-
tion increases, the abdominal mus-
cles contract during exhalation
pulling the chest caudally to facilitate
thoracic emptying.29 Contraction of
the abdominal musculature is also
essential in the development of the
expulsive force needed for an effective
cough. With their innervations aris-
ing from the thoracic and lumbar
nerve roots, abdominal muscle func-
tion is absent in persons with com-
plete injuries of the cervical and up-
per thoracic spinal cord.12,30

Pulmonary Function After SCI Spi-
rometry. The nadir in lung function
occurs immediately after an SCI with
respiratory function, markedly im-
proving during the first year after in-
jury.31,32 Serial measures of spirom-
etry performed by Ledsome and
Sharpe31 showed improvement in
both forced vital capacity (FVC) and
1-sec forced expiratory volume
(FEV1) by 5 wk postinjury, with a
more gradual, but significant, im-
provement between 5 wk and 5 mo.
Among 11 subjects with complete in-

juries between C5 and C6, mean FVC
was 1.5 � 0.49 liters (31.3 � 6.3% of
predicted values) after injury, im-
proving to 2.2 � 0.36 liters (44.9 �
7.3% of predicted) at 5 wk postinjury.
By 5 mo after injury, mean FVC had
improved to 2.8 � 0.73 liters (57.7 �
11.5% of predicted). Comparable
changes were noted in FEV1.

Bluechardt et al.32 extended
these observations by performing spi-
rometry every 2 mo from 90–120
days postinjury in 12 subjects with
similar levels of injury. Mean FEV1

improved 0.72 liters (40%, P �

0.001), although improvements in
mean FVC (32.4%, P � 0.07) and
mean maximum voluntary ventila-
tion (16%, P � 0.33) did not signifi-
cantly change over this period. The
authors noted marked variability in
the degree of recovery, with no rela-
tionship to level of injury.

Data regarding the long-term
(�1 yr) effect of SCI on spirometric
measures of lung function show an
inverse relationship between FVC and
level of injury, with FVC decreasing
as the level of injury moves cephal-
ad.33,34 In general, persons with high
tetraplegia (C2–C5) and spontaneous
ventilation can have an FVC as high
as 50% of their preinjury predicted
value, depending on the type of inju-
ry.33–35 For persons with low tetra-
plegia (C6–C8), the percentage of
predicted FVC (FVC%) increases by
9% per vertebral level as the level of
injury moves caudally. For thoracic
and lumbar levels of injury, each cau-
dal drop in level of injury by one
vertebra increases the FVC% by
1%.35

The type of the injury also influ-
ences the FVC%. For persons with
high tetraplegia and an incomplete
(ASIA B through D) injury, the FVC%
will be about 16% higher than those
with complete (ASIA A) injuries. For
persons with low tetraplegia (C6-C8),
the FVC% will be about 10% higher
compared with those with complete
injuries. There is no difference in
FVC% between incomplete and com-

plete injuries for persons with inju-
ries to the thoracic or lumbar spinal
cord.35

As in the uninjured population,
persons with SCI experience a grad-
ual loss in lung function over time.
Presently, there are no data to sug-
gest that persons with SCI experience
an accelerated loss of lung function
as a result of their injury, although
there are no longitudinal data involv-
ing large numbers of subjects strati-
fied by cumulative cigarette expo-
sure. In a recent study of 57 subjects
with tetraplegia, spirometry per-
formed at 10, 20, and �20 yr (mean,
26.3 � 3.6 yr for 26 subjects) postin-
jury suggests that mean FVC is re-
duced by about 15 ml/yr between 10
and 20 yr postinjury, increasing to 33
ml/yr between 20 and �20 yr after
injury.36 There was no relationship
between level of injury and loss of
FVC. This rate of decline in FVC is
not in excess of that reported for an
uninjured population.37

Measures of Lung Volumes. Tetraple-
gia produces a restrictive ventilatory
impairment that, like FVC and FEV1,
worsens as the level of injury as-
cends.17,18,34,38,39 Figure 6 shows the
total lung capacity and its subdivi-
sions for 36 subjects with tetraplegia
and motor-complete lesions who
were at least 6 mo postinjury.34 As
the level of injury ascends, total lung
capacity is progressively reduced.
Functional residual capacity that is
the sum of the residual volume and
the expiratory reserve volume is also
reduced, although not as signifi-
cantly as total lung capacity. Notably,
the reduction in functional residual
capacity occurs at the expense of
expiratory reserve volume, with a
compensatory increase in residual
volume. The loss of expiratory re-
serve volume can be explained by
the denervation of the abdominal
musculature and other muscles
necessary for forced exhalation. As
mentioned earlier, training of the
pectoralis muscles has been shown
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to produce sustained increases in
expiratory reserve volume by im-
proving exhalation.27 This is consis-
tent with the observations of Lover-
idge et al.,38 who showed that
functional residual capacity re-
mains constant and residual volume
decreases in the first year after
injury.

The balance between the oppos-
ing recoil forces of the lung and chest
wall determines functional residual
capacity. At functional residual ca-
pacity, the tendency of the chest wall
to recoil outward to a larger volume
is equal to the tendency of the lung to
collapse inward to a smaller volume.
The reduction in functional residual
capacity seen in persons with tetra-
plegia is due to both an increase in
lung recoil pressure and a decrease in
chest wall recoil forces.

De Troyer and Heilporn17 dem-
onstrated that lung compliance is re-
duced in persons with tetraplegia.
However, specific compliance (static
expiratory compliance/total lung ca-
pacity) was normal. This suggests
that most of the changes in the pres-

sure-volume curve was due to loss of
gas-containing alveoli, as would oc-
cur with atelectasis, whereas the re-
mainder of the ventilated alveoli re-
tained normal elastic properties. The
authors reasoned that had the change
in compliance been attributable to a
uniform increase in alveolar surface
tension throughout the lung, then
the change in compliance would have
been disproportionately large com-
pared with the change in lung vol-
ume, and this was not observed.

Although lung compliance is re-
duced in these patients, the majority
of the reduction in functional resid-
ual capacity is attributable to a de-
crease in chest wall recoil forces. This
reduction is due to multiple factors,
including a loss of phasic inspiratory
intercostal muscle activity,17 a stiff-
ening of the rib cage,17,18,21,22 and
increase in the compliance of the ab-
dominal wall.18 The increase in com-
pliance of the abdomen may act to
reduce rib cage contribution to tidal
volume generation because the lack
of abdominal muscle tone produces a
more distensible abdominal compart-

ment, reducing the fulcrum effect of
the contracting diaphragm on vis-
ceral contents.

SCI resulting in paraplegia pro-
duces similar alterations in lung vol-
umes, although to a lesser degree. In
seven patients with T6–T7 level of
injury, mean total lung capacity was
minimally reduced (77.1 � 3.5% of
predicted), and functional residual
capacity was normal. Mean expiratory
reserve volume was reduced to 36.0
� 2.6% of predicted, with a compen-
satory increase in mean residual vol-
ume to 129.9 � 6.8% of predicted.30

Mortality Associated with SCI. Re-
cent medical advances in the care of
these patients have significantly re-
duced both acute and long-term mor-
tality rates.1,6,40–42 Earlier studies
showed acute mortality rates between
15% and 40% for persons with SCIs
involving the lower cervical cord,
with respiratory failure being a com-
mon cause of death.7,43,44 DeVivo et
al.1 recently queried the NSCID for
first-year mortality among persons
admitted to a Model SCI Care System
or Shiner’s hospital SCI unit within
24 hr of injury (n � 9,085). An ex-
amination of consecutive 5-yr periods
revealed that the odds of dying be-
tween 1993 and 1998 were reduced
by 66% compared with the period
from 1973–1977.

Despite the improvements in
1-yr mortality, life expectancy is re-
duced for persons with a significant
functional impairment from an SCI.
An individual who sustains an injury
at age 20 with a neurologic deficit
between C1 and C4 can be expected
to live 32.9 yr (38.5 yr for an injury
resulting in a neurologic level be-
tween C5 and C8 and 44.1 yr for a
level of injury between T1 and S5).
The life expectancy for an individual
with ventilator dependency from SCI
is 15.3 yr. These values compare with
an average life expectancy of 56.8 yr
for an uninjured 20-yr old (based on
1994 United States government life
tables, not corrected for race or sex).1

Figure 6: Total lung capacity (TLC) and the subdivisions of residual volume
(RV), expiratory reserve volume (ERV), and inspiratory capacity (IC) as function
of cervical level of injury (C2–C8) and normal subjects. Used with
permission.34
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Until recently, renal failure and
complications of the urinary tract
were the leading causes of death
among persons with SCI.1,45–50 But
improvements in bladder care and
catheter regimens have reduced mor-
tality to the point that respiratory
diseases have surpassed urinary dis-
orders as the leading cause of death.6

Table 2 summarizes a recent assess-
ment of the most common causes of
death both within and beyond the
first year after injury. Deaths due to
respiratory disease are the most com-
mon cause of death beyond 1-yr
postinjury and are second only to car-
diac causes of death in the first year
after injury.1 The combination of re-
spiratory and cardiac causes account
for 60% of the deaths occurring in
the first year and over 42% of the
deaths occurring beyond the first
year. Despite the fact that 80% of all
SCIs occur in men,20 the high inci-
dence of cardiac causes of death is
surprising in this relatively young
population that is well below the av-
erage age of onset of coronary artery
disease in the uninjured population.
These findings are consistent with a
1993 report that found pneumonia to
be the leading cause of death irre-
spective of patient age and the length
of survival after injury. Pneumonia is
also the most common cause of death
in those with tetraplegia.6

Respiratory Complications of SCI. In
general, the frequency of pulmonary
complications parallels the degree of

respiratory impairment, increasing
with progressively higher levels of in-
jury. Earlier studies reported pulmo-
nary complications occurring in 36%
of those with any SCI,8 and 100% of
patients with injuries involving the
cervical spine.7 More recent studies
have shown that respiratory compli-
cations occur in 50–67% of persons
with any SCI.9,10 Similar to the im-
provements in survival, the preva-
lence of respiratory complications
also seems to have decreased over the
last 25 yr. This improvement may be
attributable to many factors, includ-
ing better prevention, recognition,
and treatment of respiratory compli-
cations, general improvements in
intensive care medicine, and the
utilization of multi-disciplinary
treatment teams in the care of these
patients.52 The most common pul-
monary complications are atelectasis,
pneumonia, and respiratory failure.
Complications involving the pleura
and thromboembolism will also be
discussed.

Atelectasis. Atelectasis is perhaps the
most common respiratory complica-
tion and is virtually ubiquitous af-
ter a cervical SCI. However, atelec-
tasis has been reported in only 37%
of subjects with cervical or thoracic
levels of injury.9 This report proba-
bly underestimates the actual prev-
alence of atelectasis as it was based
on the interpretation of plain radio-
graphs. The true prevalence of atel-
ectasis is difficult to assess because

of the lack of consistently applied
diagnostic and quantitative criterion
and because episodes of atelectasis
and pneumonia are combined into a
single data item in the NSCID. Inter-
ventions aimed at reducing atelectasis
have generally focused on increasing
lung inflation52,53 or enhancing secre-
tion removal through assisted-cough
techniques.54,55

The use of intermittent positive-
pressure breathing treatments in per-
sons with acute tetraplegia has not
been shown to improve either vital
capacity or FEV1.52 The effect of in-
termittent positive-pressure breath-
ing treatments on other measures of
lung inflation such as functional re-
sidual capacity or atelectasis has not
been studied. A retrospective analysis
by Peterson et al.53 of 42 persons with
a C3–4 complete injury and ventila-
tor dependence demonstrated that
mechanical ventilation with a higher
(25.3 ml/kg) vs. a lower (15.5 ml/kg)
mean tidal volume decreased the in-
cidence of atelectasis (16% vs. 52%
respectively, P � 0.01) and shortened
the duration of mechanical ventila-
tion (37.6 days vs. 58.7 days, P �
0.02). The mean peak airway pressure
of 35.2 cm H2O in the high tidal
volume group was comparable with
that reported by Rothen et al.,56 who
studied re-expansion of atelectasis
using serial computed tomography in
subjects without lung disease under-
going general anesthesia for elective
procedures. Based on these data, ven-
tilation strategies utilizing larger
tidal volumes have been suggested
for person with SCI.57 This strategy
seems to be commonly used among
those treating ventilatory failure after
SCI.

Pneumonia. In general, the incidence
of pneumonia seems to be decreasing
over the last decade, although there
is considerable variability among re-
ported rates. In a multicenter study
conducted from 1985 to 1990 involv-
ing 179 persons with a cervical SCI,
Jackson and Groomes10 described 97

TABLE 2
Five most common causes of death (% of total)
First Year Postinjury
n � 100

Beyond First Year Postinjury
n � 481

Cardiac 32.0 Respiratory 22.0
Respiratory 28.0 Cardiac 20.6
Septicemia 8.0 Suicide 16.0
Digestive 7.0 Cancer 11.9
Ill-defined 5.0 Septicemia 9.8

From the National Spinal Cord Injury Database (1993–1998). Adapted from
DeVivo (1).
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episodes of pneumonia in 70 (54%)
patients. Fishburn et al.9 reported at-
electasis or pneumonia in 17 of 30
patients (56.6%) with a cervical SCI
over a similar period. A more recent
study reported 49 of 413 patients
(12%) with an episode of pneumonia
for the period 1993–1997.4 The lower
incidence of pneumonia in the latter
study may be explained by the use
of a more rigorous definition of
pneumonia.

Analyses of the NSCID also
show a similar trend. Chen et al.58

noted that before 1992, the overall
incidence of atelectasis was 23.6%
and pneumonia was 18.4% for per-
sons with an SCI during the initial
acute care or rehabilitation hospi-
talization. Since 1996, the inci-
dence of atelectasis or pneumonia
was 12.9% during the initial reha-
bilitation hospitalization.

Respiratory Failure. The cause of
acute respiratory failure (RF) after an
SCI can be attributed to hypoxemia
due to ventilation/perfusion mis-
match from retained secretions, atel-
ectasis, or pneumonia; hypercarbia
resulting from respiratory muscle
weakness; or both. The standard
treatment of RF after an acute SCI is
endotracheal intubation followed by
mechanical ventilation. Although in-
vasive ventilation offers the advan-
tage of direct access to the lower re-
spiratory tract facilitating the
removal of secretions, the presence of
endotracheal and tracheostomy tubes
bypass natural defense mechanisms,
increasing the likelihood of nosoco-
mial pneumonia.59,60 Noninvasive
ventilation has been successfully
used to manage acute RF due to trau-
matic tetraplegia.61 Currently, non-
invasive ventilation for acute RF is
likely underutilized and merits fur-
ther study to delineate its appropriate
application.

The risk of acute RF after an SCI
correlates with the level of injury. In
a prospective multicenter study, RF
occurred in 23 of 56 persons (40%)

with high tetraplegia (C1–C4) and 28
of 123 patients (23%) with low tetra-
plegia (C5–C8). RF was present in 8
of 81 persons (9.9%) with injuries to
the thoracic spine.10 However, bed-
side measures of respiratory function
may be better predictors of RF than
level of injury. A retrospective analy-
sis of 54 subjects with acute cervical
SCI showed that a tidal volume of �6
ml/kg was a better predictor of RF
than either a vital capacity of �15
ml/kg or level of injury.62 In addition,
patients with tetraplegia who require
surgical repair experience RF, de-
fined as the need for mechanical ven-
tilation for �48 hr, more frequently
than those who do not need surgery.4

Acute RF may also be the most
important complication associated
with SCI. Among pulmonary comp-
lications, RF has the longest dura-
tion, lasting a mean of 35.9 days.10

RF is also the most important con-
tributor to both initial acute care
hospital costs and length of stay in
acute cervical SCI when compared
with other respiratory complications
and nonrespiratory variables, such as
level of injury, age, and the need for
surgery.4

The ability to resume spontane-
ous ventilation after RF has been ex-
amined as a function of level and type
of spinal injury and of patient age. A
retrospective analysis of 409 consec-
utive enrollees into the NSCID with a
cervical level of injury requiring me-
chanical ventilation revealed that
89% of those with incomplete inju-
ries (ASIA B through D) were able to
resume spontaneous ventilation at
discharge from their initial rehabili-
tation hospitalization compared with
76% of patients with complete inju-
ries. Although completeness of injury
did not influence the rate of weaning
for patients with levels between C5
and C8, patients with a C4 level and
incomplete injuries were more likely
to wean than patients with complete
injuries (P � 0.046).63 An earlier ret-
rospective study of 134 patients with
tetraplegia reported that 76 patients

(57%) resumed spontaneous ventila-
tion.64 This lower rate of weaning in
the latter study may be explained by a
greater percentage of subjects with
high tetraplegia. Furthermore,
among patients of �50 yr of age, the
weaning rate was only 20%.64

From 1973 through 1998, 18,883
patients were entered into the NSCID.
At the time of discharge from their
initial rehabilitation hospitalization,
567 patients (3%) were ventilator de-
pendent, with an additional 60 patients
(0.3%) requiring short-term mechani-
cal ventilation after discharge. The dis-
tribution of these patients by level of
injury and ASIA impairment score is
shown in Figure 7. In addition to
invasive ventilation via a tracheos-
tomy, alternative methods of venti-
latory support have been used for
ventilator-dependent patients, in-
cluding noninvasive ventilation via
either nasal mask or mouthpiece65

and electrophrenic pacing.66,67

Pleural Complications. Pleural effu-
sion, pneumothorax, and hemotho-
rax are less common respiratory
complications. They have been re-
ported to occur in 70% of patients
with a thoracic levels of injury com-
pared with 16% of those with cervical
levels of injury, suggesting that these
complications are most likely due to
concurrent thoracic trauma.10

Thromboembolic Disease. Advances
in the thromboprophylaxis have sig-
nificantly reduced the prevalence of
deep venous thrombosis and pulmo-
nary embolism after SCI. This may be
due in part to the use of low-molec-
ular-weight heparin (LMWH), which
has been shown to be superior to
standard heparin, with less bleeding
complications.68,69 Summarizing
data from eight studies involving a
total of 1,362 patients published be-
tween 1965 and 1985, Weingarden70

reported clinically apparent deep ve-
nous thrombosis in a mean of 16.3%
(range, 12–64%) of patients with
SCI. In 1990, results of an 8-wk pro-
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spective study of 41 patients random-
ized to prophylaxis with either
LMWH or standard heparin reported
thrombosis in seven subjects (17%),
all of whom were randomized to re-
ceive standard heparin.68 Further-
more, both subjects who experienced
bleeding complications were ran-
domized to the standard heparin arm.
A follow-up report after 68 patients
had been treated with LMWH re-
vealed thrombosis in seven
(10.3%).69

Combinations of LMWH and ei-
ther compression stockings or exter-
nal pneumatic devices may be an-
other factor that has contributed to
the reduction in the incidence of
thromboembolism. Although multi-
modality thromboprophylaxis using
heparin and compression stockings
has been shown to be superior to
either modality alone in patients un-
dergoing elective surgery,71,72 there

are no data for patients with acute
SCI. However, comparing the inci-
dence of thromboembolism in two
recent retrospective studies utilizing
multimodality prophylaxis with other
studies using LMWH alone suggests
that multimodality prophylaxis may
also be superior in acute SCI. In these
studies, multimodality prophylaxis
reduced the incidence of deep venous
thromboses to 1.2% of 423 patients
with a cervical injury4 and 2.1% of
276 subjects with any type of SCI.73

A similar reduction in the inci-
dence of pulmonary embolism is seen
in three studies published from our
institution during the last 12 yr. In
two 8-wk prospective randomized tri-
als of LMWH or standard heparin,
pulmonary embolism occurred in
5%68 and 4%69 of persons with an
SCI in studies conducted from 1988
through 1992. More recently, there
were no cases of pulmonary embo-

lism noted from 1993 through 1997,
although this retrospective analysis
included only the initial acute care
hospitalization. For this study, the
mean length of stay was 22.2 � 17.6
days for patients with a motor level of
injury and 8.7 � 8.5 days for patients
with an injury to the spinal column
who were neurologically intact.4

Prophylaxis should be initiated
as soon as possible because the inci-
dence of thromboembolism increases
significantly after the first 72 hr after
injury.74 The optimal duration of pro-
phylaxis is unknown, although there
are data to support a minimum of 8
wk of therapy.68,69,75

Studies of the alterations in re-
spiratory mechanics caused by SCI
have led to improvements in the care
of these patients and have expanded
the understanding of normal respira-
tory physiology. Despite the impor-
tant advances that have occurred in
the prevention, diagnosis, and treat-
ment of respiratory complications,
they continue to significantly affect
persons with SCI. Additional studies
of interventions aimed at reducing
respiratory complications are likely
to further decrease the morbidity and
mortality associated with these
injuries.
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