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Objective/Background: Autonomic dysreflexia is a potentially life-threatening condition which afflicts a
significant proportion of individuals with spinal cord injuries (SCI). To date, the safety and efficacy of several
commonly used interventions for this condition have not been studied.

Design: A retrospective chart review of the safety of a previously implemented nursing driven inpatient
autonomic dysreflexia protocaol.

Methods: Seventy-eight male patients with SCI who experienced autonomic dysreflexia while inpatient at our
Veterans Affairs SCI unit over a 3-1/2-year period were included. The safety of a nursing driven protocol
utilizing conservative measures, nitroglycerin paste, and oral hydralazine was evaluated.

Outcome Measures: Occurrence of adverse events and relative hypotensive events during all episodes treated
with the protocol, and efficacy of attaining target blood pressure for all episodes with protocol adherence and for
initial episode experienced by each patient.

Results: Four hundred forty-five episodes of autonomic dysreflexia were recorded in the study period, with 92%
adherence to the protocol. When the protocol was followed, target blood pressure was achieved for 97.6% of all
episodes. Twenty-three total adverse events occurred (5.2% of all episodes). All adverse events were due to
hypotension and only 0.9% required interventions beyond clinical monitoring. Of each patient’s initial
autonomic dysreflexia episode, 97.3% resolved using the protocol without need for further escalation of care.
Conclusion: This inpatient nursing driven-protocol for treating autonomic dysreflexia utilizing conservative
measures, nitroglycerin paste and oral hydralazine achieved target blood pressure with a high success rate
and a low incidence of adverse events.
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Introduction

Autonomic dysreflexia (AD) is a clinical syndrome
characterized by episodes of relative hypertension that
occurs in individuals with spinal cord injury (SCI) due
to cascades of deregulated sympathetic discharges.’
This condition occurs most commonly in individuals
with lesions at or above the level of sympathetic splanch-
nic outflow (T6), with incidence increasing with more
clinically complete SCI.> AD is triggered by a variety of
noxious stimuli (or rarely non-noxious stimuli®) below
the level of injury—leading to increase in spinal cord
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mediated reflex sympathetic discharge and vasoconstric-
tion. Due to loss of descending autonomic control,
post-injury changes within the spinal cord and hypersen-
sitivity of peripheral receptors, these sympathetic signals
multiply unchecked.* The most common causes of AD
are over-distention of the bladder and bowel,” though
multiple other potential provoking stimuli have been
identified.*” The signs and symptoms of AD include a
sudden increase in systolic blood pressure (SBP) of at
least 20 mmHg from baseline,” and may also include
accompanying bradycardia, headache, blurred vision,
nasal congestion, anxiety, diaphoresis, flushing, and
piloerection above the neurologic level.®
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The primary treatment of AD focuses on removing the
offending stimuli and preventing the complications of
hypertensive emergency.' If not addressed, these compli-
cations can include headache, seizures, stroke and even
death.” When conservative measures fail and systolic
blood pressure climbs over 150 mmHg, pharmacologic
treatment is recommended.'® While a myriad of pharma-
cologic options have been tried anecdotally,'"'? few
studies detail their protocols or safety. Previous research
with limited patients has evaluated calcium channel
blockers (nifedipine'*'#), alpha blockers (prazosin,'” t
azosin'®), angiotensin converting enzyme inhibitors (cap-
tropril'?), and prostaglandin E2.!7 Past case reports have
also described the successful use of beta blockers (meto-
prolol'®) and vasodilators (sodium nitroprusside).'®
Despite their common use and recommendations in prac-
tice guidelines,'” there are no formal studies to date that
have evaluated the use of vasodilators such as hydralazine
and nitroglycerin paste in the treatment of AD.
Additionally, most research has involved prophylaxis or
treatment of AD induced by urological procedures,
rather than the full range of possible clinical etiologies.
Finally, while advocated as first line treatment, the
safety of conservative (non-pharmacologic) management
at the onset of an episode of AD has not been assessed.

The primary objective of this study was to evaluate the
safety of a nursing driven protocol utilizing conservative
management, nitroglycerin paste and hydralazine to treat
AD. We additionally aimed to evaluate the efficacy of the
protocol to achieve target blood pressures and character-
ize the episodes of AD in terms of duration, minimum
and maximum blood pressure in relation to injury dur-
ation/level/severity (as determined by the International
Standards for Neurological Classification of SCI-
ISNCSCI"). This study represents the largest sample to
date evaluating the safety of a protocoled treatment
algorithm, employing conservative and pharmacologic
interventions, for the management of AD.

€r-

Methods

The AD protocol was initiated on the Veterans Affairs
(VA) Puget Sound SCI Unit in June 1999 as a clinical
treatment protocol that adhered to current best practice
guidelines. Inpatient nursing staff documented treat-
ments and outcomes as part of the protocol charting.
Approval was obtained from our institutional review
board for a retrospective review of the safety of this pro-
tocol in treatment of AD for inpatients with SCI.

Subjects
Seventy-eight males with SCI hospitalized in the SCI
unit with episodes of AD while inpatient between June
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Table 1 Patient demographics

Sex

Male 78 (100%)
ASIA impairment scale

A 45 (58.4%)
B 18 (23.4%)
C 6 (7.8%)

D 9 (10.4%)
Neurologic Level of injury

C1-C4 17 (21.8%)
C5-C8 46 (59.0%)
T1-T7 15 (19.2%)
Age”

Mean age (min, max, SD)
Initial cause of injury

55.9 years (25, 81, 13.0)

Motor vehicle collision 32 (41.0%)
Diving 13 (16.7%)
Fall 12 (15.4%)
Other trauma 9 (11.5%)
Gunshot wound 6 (7.7%)
Medical 6 (7.7%)
Years since injury, n = 72

0-5 years 18 (25.0%)
5-10 years 4 (5.6%)

> 10 years 50 (69.4%)
Mean (SD) 20.6 years (15.7)

Median (min, max) 20 years (0,58)

*Age at time of first AD episode while inpatient during the study
period.

1999 and January 2003 were included in the study.
Nursing staff recorded details for episodes of AD in a
standardized template which was analyzed for purposes
of this study. Full demographics appear in Table 1.

Autonomic dysreflexia protocol

The AD protocol was designed using the Consortium
for Spinal Cord Medicine’s clinical practice guideline:
“Acute Management of Autonomic Dysreflexia:
Adults with Spinal Cord Injury Presenting to Health-
Care Facilities,”'” as well as the clinical experience of
three full-time SCI boarded physicians in coordination
with an inpatient SCI nurse manager. This protocol
was designed to be carried out by nursing staff indepen-
dent from physicians except in the event of protocol
failure or adverse event. The beginning of an AD
episode was clinically defined by either 1) The presence
of patient symptoms of AD and systolic blood pressure
elevation greater than 150 mmHg or 2) The presence of
systolic blood pressure elevated above 150 mmHg as
measured on routine vital sign checks. Once the
patient met the clinical definition for an episode of
AD, the protocol was initiated as described in
Figure 1. AD episodes were defined as resolved if systo-
lic blood pressure persisted below 150 mmHg. If there
was recurrence of an AD episode (as defined above)
within 2 hours of a previously resolved episode, clinical
recurrence was noted and the length of the episode and
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[Patient notes symptoms of AD or SBP >150 mmHg on routine vital check Jl

: \’ ,
( Sit patient upright. Check bood pressure every 3-5 minutes until episode resolved}
. ’
& Yes SBP decreased?
I
No
p N
Loosen clothing/abdominal binder; remove compression stockings or sequential compresion
devices. Assure bladder is draining (unkink catheter, remove tight condom catheter, bladder scan
\and if >100cc, irrigate and consider changing catheter). ;
2 - .
o <€ Yes SBP decreased?
S I
3 No
35 | N A
S [ Check rectal vault. Instill lidocaine gel into rectum, pause 2 minutes, gently remove any stool}
E| I '
o < Yes SBP decreased?
oy |
c:) No
Z \ .
( _Check skin for any noxious stimuli (wrinkle in bed linens, tight jeans, impinging objects, etc.) _:J
T
< Yes SBP decreased?
|
No, SBP > 150 mHgL or symptoms persist
LiAppIy one inch of nitroglycerin paste on hairless skin of upper chestj
|
=2 Yes SBP decreased after 10 minutes?
|
No
) !
|Apply an additional inch of nitroglycerin paste J‘J
& I ;
g) £ Yes SBP decreased after 10 mintues?
1
(s)
= No
3 ) N :
g | Administer 10mg of oral hydralazinej.l
= i T
g < Yes SBP decreased alfter 10 minutes?
No
7 w '
|Administer 10mg of oral hy(;ralazme, contact physwmnj
v < Yes SBP decreased af}er 20 minutes?

|' Recheck vitals every 15 minutes for l
.1 hour and at 2 hours post event

A

No
WV

( Protocol failure, escalate care )

Wipe off nitroglycerin paste (if
l applied) when SBP < 130 mmHg

A —J

b ¢

J *Contact physician any time systolic blood pressure is >200 mmHg or <80 mmHg
or if patient experiences any mental status changes or cardiac concerns

Figure 1. Flowchart of nursing driven protocol for addressing autonomic dysreflexia.

interventions were grouped to encompass both linked
events. Any deviations from the protocol were
documented.

Adverse events were defined as systolic blood pressure
less than 70 mmHg, diastolic blood pressure less than 40
mmHg, cardiovascular event (myocardial infarction,

cerebrovascular accident, etc.), retinal detachment,
arrhythmia, need for IV medication, medical instability
necessitating transfer to the intensive care unit, or death.
Protocol failure was defined as inability to lower systolic
blood pressure less than 150 mmHg or continuation of
symptoms after the protocol was completed.
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Table 2 Autonomic dysreflexia episode characteristics

Percentage of total episodes per ASIA Impairment Scale

A 61.6%
B 29.7%
C 4.7%
D 4.0%
Percentage of total episodes per neurologic level
C1-C4 17.3%
C5-C8 74.4%
T1-T7 8.3%

Mean (SD) initial SBP
Mean (SD) initial DBP (n = 444)

188.1 mmHg (26.0)
102.5 mmHg (18.1)

Mean (AD) initial HR (n = 430) 751 (19.1)
Presenting symptom*

Headache 50.9%
Asymptomatic 30.8%
Flushing 8.1%
Sweating 7.8%
Piloerection 1.5%
Nasal congestion 0.7%
Blurred vision 0.2%
Nursing identified presumed cause of AD

Unknown 64.5%
Urinary retention 10.5%
Full bowel 6.5%
Post op 5.6%
Bowel care 5.4%
uTl 2.5%
Musculoskeletal pain 2.5%
Abdominal pain 2.0%
Urinary stone 0.2%
Bladder spasm 0.2%

n = 445 unless indicated otherwise. *n = 158. Remainder of
presenting symptoms unspecified.

Statistical analysis

IBM SPSS statistical software (Version 19.0, IBM
Corp., Armonk, NY) was used for data analysis. All
recorded episodes of AD were used to calculate frequen-
cies of episode characteristics [American Spinal Injury
Association Impairment Scale (AIS)],'"® neurologic
level, presenting symptom, and suspected cause) as
well as mean initial vital signs. Mean maximum blood
pressures, mean drop in systolic blood pressure from

initial presentation, and occurrence of rebound episode
within 2 hours of seemingly resolved episodes were cal-
culated for both the events which followed the protocol
and those with protocol deviations. Frequencies were
calculated for resolution of AD and adverse events at
each step in the treatment protocol. The total frequency
of adverse events was calculated for both the episodes
where the protocol was followed as well as all recorded
episodes (including those with protocol deviations) in a
model to test real world applicability. Episodes where
systolic blood pressure dropped to between 70 and
79 mmHg were classified as relative hypotensive events;
we performed additional chart review for each of these
episodes to rule out the occurrence of other adverse
events. Due to several individuals having a disproportio-
nately high number of AD episodes, we limited some
analyses to the first episode of AD that occurred for
each patient. Using this method, the efficacy of the pro-
tocol was evaluated by determining the frequency of
patients successfully achieving target blood pressure
when the protocol was used.

Results
Over the study period, 445 AD events were logged (epi-
sodes characteristics in Tables 2 and 3). Of these, 35
(7.8%) demonstrated deviation from the AD protocol
and were thus excluded from protocol specific analyses
of the study (effective n =410). The most common
reasons for protocol deviation were the administration
of an alternative medication or administering a protocol
medication in an order not consistent with the protocol.
All 445 events were subsequently analyzed in an inten-
tion to treat model for real world applicability of proto-
col implementation.

Of these 410 events of protocol adherence, 43 (10.5%)
were successfully treated with only nonpharmacologic
intervention. 157 events (38.3%) were successfully

Table 3 Variations in AD episode characteristics per protocol adherence

Protocoled (n =410 unless
otherwise noted)

Protocol deviations (n = 35 unless

otherwise noted)

All AD events

Mean (SD) max SBP 200.0 mmHg (24.2), n = 409

Mean (SD) max DBP 109.1 mmHg (19.5), n = 409

Mean (SD) SBP drop from 76.3 mmHg (36.6)

initial

Rebound AD episodes 12.4%

Percent attaining target BP 97.6%

Mean (SD) episode 63.1 min (76.0) n = 408
duration

Relative hypotension 2.9%
percentage

Adverse events 5.4%

205.3 mmHg (18.1)

n =444
109.4 mmHg (15.4) 109.1 mmHg (19.1),
n =444
60.6 mmHg (41.0) 75.1 mmHg (37.2)
31.4% 14.0%
57.1% 94.4%
130.6 min (112.9) 68.3 min (81.3),
n =439
5.7% 3.3%
2.9% 5.2%

200.4 mmHg (27.6),
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Table 4 Percentage of successful resolution of autonomic dysreflexia per step in the treatment protocol

Number of events at Number of events resolved Relative resolution Cumulative
Step in protocol this step at this step this step resolution
Nonpharmacologic 410 43 10.5% 10.5%
First 17 NTP 367 157 42.8% 48.8%
Second 1”7 NTP 210 142 67.6% 83.4%
First 10 mg of hydralazine 63 43 63.2% 93.9%
Second 10 mg of hydralazine 25 15 60.0% 97.6%
Additional antihypertensive agents 10 10 100% 100%

after protocol

managed with the first one inch dose of nitroglycerin
paste after conservative measures had failed. One
hundred forty-two (34.6%) events required application
of a second one-inch dose of nitroglycerin paste for
AD resolution. Forty-three (10.5%) events required
one dose of 10 mg hydralazine PO and 15 (3.6%) of
events resolved after a second 10 mg of hydralazine.
Ten events, (2.4%) required further escalation of care
beyond the protocol. The relative efficiency of each
step in the protocol in resolving an episode of AD is pre-
sented in Table 4. In total, 97.6% of events of AD
charted were successfully treated when using this
nursing driven protocol. The 10 events that did not
meet the efficacy endpoint required additional PO or
topical short acting antihypertensive agents.

Of the 445 total events, the mean number of events
per individual was 5.7 (SD of 10.5, range 1-70).
There were six individuals with greater than 15 events
during the study period (mean number of events of
this group = 34.7, SD 24.3). Excluding these six indi-
viduals, the mean number of events decreased to 3.3
(SD 3.3). Due to the large range in number of events
per individual, efficacy of the protocol was evaluated
using the first recorded AD event of each patient in
an effort to eliminate bias in estimates due to corre-
lation from repeated observation in the same patient
(Table 5).

Adverse events

Of all recorded episodes of AD, 23 adverse events
occurred in 13 different patients. For these adverse
events, the protocol was followed with 95.6% adherence.
14 of the adverse events (60.9%) were due to systolic
blood pressure less than 70 mmHg and 17 (73.9%)
were due to diastolic blood pressure less than

40 mmHg—notably eight events met both of these cri-
teria. In total, 22.7% of the adverse events occurred
prior to pharmacological intervention, 31.8% after
application of the first inch of nitroglycerin paste but
before the second, 40.9% after the second inch of nitro-
glycerin paste but before hydralazine, and one adverse
event (4.5%) occurred during after the initial 10 mg
dose of hydralazine.

Further interventions outside of clinical observation
were required for only four events (17.4%), occurring
in four individuals. During one event, an individual
required midodrine when he experienced hypotension
after being treated nonpharmacologically. A second
patient required 1L of intravenous normal saline (fol-
lowing 1 inch of nitroglycerin) to achieve relative nor-
motension. In the remaining two adverse events, both
individuals were transferred to the intensive care unit
due to rapid blood pressure fluctuation. The first indi-
vidual was treated with the protocol through receipt of
the second inch of nitroglycerin paste. Systolic blood
pressure dropped from 264 mmHg at initial presentation
to 74 mmHg. The second individual had SBP drop from
200 mmHg to 40 mmHg after receiving one inch of
nitroglycerin paste. None of these adverse events
resulted in permanent sequelae for any of the patients.

Protocol failures

Of the 410 events in which the protocol was followed, 10
(2.4%) were considered protocol failures due to inability
to attain the target of systolic blood pressure less than
150 mmHg at completion of the protocol.
Characteristics of these protocol failures appear in
Table 6. Two of these events required only observation
to ensure patient clinical stability, while the remaining
eight required further pharmacological intervention.

Table 5 Efficacy of protocol when fully implemented for first recorded episode of autonomic dysreflexia per patient

Protocol adherence 94.9%
Protocol success (n = 74) 97.3%
Adverse events 6.4%

Relative hypotension

When protocol followed (n = 74) = 1.4%

Including protocol deviations = 2.6%

n = 78 unless otherwise noted.
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Table 6 Protocol failure episode characteristics, (SD), n =10

Initial SBP 186.8 mmHg (22.8)
Initial DBP 102.9 mmHg (15.1)
Initial HR 81.6 mmHg (22.7)

Mean max SBP
Mean max DBP
Mean SBP drop from initial

217.9 mmHg (17.2)
126.6 mmHg (37.0)
74.0 mmHg (37.7)

Rebound AD episode (incidence) 50%

Mean episode duration 68.3 min (81.3)
Relative hypotension (incidence) 10%

Adverse Events (incidence) 0%

For pharmacologic treatment, five episodes required an
additional one to two inches of nitroglycerin paste while
one received an additional 5 mg of PO hydralazine. One
episode required an additional 10 mg of PO hydralazine
along with an additional two inches of nitroglycerin
paste. The final episode required 50 mg of PO hydrala-
zine and a total of 16 inches of nitroglycerin paste.

The 10 protocol failures occurred in seven different
individuals. One individual had 4 associated protocol
failures; however, he had a total of 36 events recorded
(failure rate of 11.1%). All 10 events occurred in individ-
uals with AIS grade A or B injuries (71% and 29%
respectively).

Discussion

Although guidelines exist for the management of epi-
sodes of AD in SCI populations, there is a paucity of
data describing their outcomes with regard to safety
and efficacy other than when used to prevent or treat
episodes caused by urological procedures. Our study
suggests that inpatients with SCI, experiencing an
episode of AD, can be safely and effectively managed
with a nursing driven protocol utilizing conservative
management, and pharmacologic interventions of nitro-
glycerin paste and hydralazine. Of 410 AD episodes
managed within protocol guidelines, 5.4% experienced
adverse events. The majority of these were hypotension
as defined solely by vital sign parameters. All but four
adverse events (0.9% of all episodes) were self-limited
and resolved with observation alone. Two events
required limited intervention to support blood pressure
(normal saline or midodrine) and two required transfer
to the ICU for fluctuations in blood pressure. This
appears to be a safe approach to management, though
no comparable study exists to define relative safety.
The protocol was effective, with 97.3% of patients
achieving the target blood pressure following their first
episode of AD during the study period. Given the rela-
tively small number of failures observed during the pro-
tocol, we were unable to identify patient factors
associated specifically with these failures.

The Journal of Spinal Cord Medicine 2016 voL. 39 NO. 6

Our study is unique in the number of patients enrolled
and, to our knowledge, represents the first evaluation of
safety and efficacy of an AD protocol designed using
current guidelines. As such there are limited data to
which we can compare outcomes. Previous research
has been conducted on single agents with smaller
numbers of episodes and patients. Small studies of nife-
dipine (n = 4 and 12) report this agent maybe useful for
management of active AD.'*'* Captopril was reported
to be 94% successful with no episodes of hypotension
in 33 events of AD.'? Prazosin has been reported to be
effective for the prophylaxis of AD."?

Our study is also unique in that a nursing-driven pro-
tocol is employed. This potentially offers several advan-
tages over a physician driven protocol. First,
appropriate treatment can be delivered more rapidly to
patients with active AD, potentially reducing overall
episode length and severity, and minimizing associated
complications. Second, physician time may be better uti-
lized by managing episodes that are not successfully
managed within the protocol. Third, a standardized pro-
tocol with clear parameters and decision points may be
applied to lower resourced settings such as skilled
nursing facilities, hospitals without physicians trained
in SCI care, and rehabilitation units without in-house
call available.

We recognize several limitations of this study. First, a
nursing-driven protocol may also hold several disadvan-
tages when compared to physician management. It is
possible that nurses inadvertently treated essential
hypertension, or other causes of hypertension, instead
of AD. One would expect that essential hypertension
treated according to protocol guidelines would demon-
strate higher rates of pharmacologic intervention,
asymptomatic presentation, and recurrence after proto-
col conclusion. We did observe 30.8% of episodes
reported as asymptomatic, but did not observe frequent
recurrence of hypertension in the time expected for the
effect of protocol interventions to have ceased.
Additionally, even if essential hypertension was
present in some of the patients treated with this protocol
it did not seems to result in adverse outcomes and we
would expect that ideally facilities utilizing similar pro-
tocols would have physicians review patients with fre-
quent recurrences.

A second limitation is the possibility that nursing-
driven protocols under-diagnose underlying etiologies
and potentially increase recurrence of episodes by not
addressing the precipitating cause. We did note that in
64.5% of episodes, nursing did not define a clear etiol-
ogy, but we do not have similar data on physician identi-
fication of AD etiologies to compare to. We also did not



observe high recurrence rates, except in 6 patients who
experienced more than 15 episodes.

A third limitation is the likelihood that many patients
were not tracked using the protocol if they responded
rapidly to conservative management. This would
explain the lower than expected percentage of episodes
managed effectively with conservative care alone.
However, we would expect the inclusion of these less-
severe episodes in the current analysis to result in
better overall safety and efficacy of the protocol.

A fourth limitation is that the patient population was
entirely based at a Veterans Affairs SCI Unit, exclu-
sively male, with relatively long duration of SCI, and
often had recently had a surgical procedure performed.
It is possible, for example, that female patients with
lower average blood pressures”>>' would have more fre-
quent and severe adverse events with this protocol’s rec-
ommended interventions. Furthermore, patients with
more recent injuries might have altered physiology,
requiring a different approach.

Conclusions

In conclusion, we found that patients with SCI experien-
cing AD had a high success rate and few adverse events
when episodes were managed with a nursing driven pro-
tocol utilizing conservative management, nitroglycerin
paste and hydralazine. Further studies will be needed
to clarify the interventions and protocol parameters
that provide the best possible efficacy and safety, and
to identify the differences needed in the management
of different populations with SCI.
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