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Abstract
Introduction
The International Standards for the Neurological Classification of Spinal Cord Injury (ISNCSCI) is a measure for motor-
sensory dysfunction following spinal cord injury (SCI) but does not assess the autonomic nervous system dysfunction. The
International Standards to document remaining Autonomic Dysfunction after Spinal Cord Injury (ISAFSCI) has been
recommended to study autonomic dysfunction in such patients. We present a case presentation to demonstrate how to use the
ISAFSCI and ISCoS urodynamics data set in persons with SCIs.
Case presentation
A 24-year-old caucasian male presents with T4 ASIA SCI. We followed the patient over the course of 18 months. We
present his clinical picture at different stages and how to apply ISAFSCI and ISCoS urodynamic data set to this patient
Discussion
The ISAFSCI and ISCoS urodynamics data sets are important tools in the repertoire of the clinician assessing autonomic
dysfunction in persons with SCIs. They allow efficient clinical assessment of patients and standard communication between
clinical care providers.

Introduction

The International Standards for the Neurological Classifi-
cation of Spinal Cord Injury (ISNCSCI) is an internationally
recognized measure for the sensory-motor dysfunction fol-
lowing spinal cord injury (SCI). It has been found to be
reliable [1] and valid [2]. Additionally, it has also been
shown to increase the accuracy of formal neurological exam
by practitioner [3]. However, the ISNCSI does not examine
the autonomic dysfunction that can result from the SCI.
Autonomic dysfunction assessment is important as it will
have a significant influence on the patient’s health and
quality of life.

A joint Autonomic Standards Committee of the Amer-
ican Spinal Injury Association (ASIA) and the International
Spinal Cord Society (ISCoS) supported developing a fra-
mework to assess Autonomic dysfunction following SCI.

This was initially published in 2009 [4] and revised in 2012
as the International Standards to document remaining
Autonomic Dysfunction after Spinal Cord Injury (ISAFSCI)
[5]. It included standard assessment of general autonomic
function, lower urinary function, bowel function, and sexual
function. The committee also recommended adopting the
ISCoS urodynamics data set [6] for urodynamic function
assessment in the 2009 recommendations. Figs. 1 and 2
demonstrate the lower urinary function of ISAFSCI and
ISCoS urodynamics data sets, respectively.

The ISAFSCI is yet to be a commonly used clinical tool.
We aim to present a case as an example on how to use the
lower urinary tract function subsection of the ISAFSCI and
ISCoS urodynamics data sets to help guide practitioners in
the clinical management of persons with SCIs.

Case presentation

A 24-year-old Caucasian male with no significant past
medical history was involved in a motor vehicle accident in
November of 2015. The patient was stabilized and his acute
injuries managed. During his acute care hospital stay, he
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had a 16F Foley, which was exchanged weekly. This con-
tinued for about 1 month at which he was transitioned to
clean intermittent catheterization (CIC). He presented in
December to our rehabilitation hospital. His initial ISNCSI
evaluation demonstrated that he sustained an ASIA SCI at
the level of T4, which was consistent with his imaging
findings. He denied any sensation in his bladder. He had
continued CIC every 4 h without any urinary leakage. In
filling the data set, we initially identified the level of injury.
Since the injury was at T4 level, we placed the patient in the
“supraconal” category. The patient did not have any bladder
sensation and thus bladder awareness was recorded as 0.
Since the patient is only dry with CIC and would otherwise
be incontinent, his ability to prevent leakage was recorded
as 0. Finally, his method of bladder emptying was CIC.

The patient returned in February 2016, 3 months after the
injury. His bladder management remained CIC every 4 h.
He also reported mild pressure awareness in his bladder and
leakage between CIC if he waits too long. His urinalysis
and urine culture shows bacteriuria but he denies pelvic
pain or foul urine. His ISAFSCI score was 1, 0, CIC.

The patient was lost to follow until November 2016,
12 months following injury, when he presented to clinic. He
continued CIC every 4 h but reported urinary leakage
despite 5 mg oxybutynin three times per day. The oxybu-
tynin was prescribed at an urgent care location. Patient also
reported mild ill-defined abdominal pain as well as cloudy,
foul-smelling urine. A urine sample was collected for cul-
ture and he was started on an empiric course of sulfa-
methoxazole 800 mg–trimethoprim 160 mg BID. Urine
culture resulted in growth of a pansensitive Escherichia coli

species. Patient completed his antibiotic course and his
symptoms resolved except the urinary leakage, which per-
sisted. A renal ultrasound was done, which demonstrated
normal size kidneys without masses or hydronephrosis. We
asked the patient to return in December 2016 to perform a
urodynamic test to assess his urinary leakage. The urody-
namic study results are shown in Fig. 1. During the filling
phase of the urodynamic study, the patient reported weak
bladder sensation. We were able to fill the bladder with 400
cc of normal saline. The patient had four episodes of
leakage and neurogenic detrusor overactivity. His detrusor
pressure at first leakage was 42 cmH2O while his maximum
detrusor pressure was 107 cmH2O. Compliance was cal-
culated and was found to be less 10 ml/cmH2O. Patient’s
calculated post-void residual during that visit was 87 ml
(not shown).

After finishing the urodynamic study, we increased the
dose of his oxybutynin to 10 mg TID. During his most
recent follow-up in April 2017, patient reported he was
doing well. He was still doing CIC q4 h but the leakage
stopped with the increased dose of oxybutynin. Patient
would leak without the dose of oxybutynin. His ISAFSCI
score was 1, 0, CIC.

Discussion

There has been significant increase in the survival of per-
sons with SCIs [7], which encouraged the medical com-
munity to start thinking about long-term sequelae and
quality-of-life issues beyond the traumatic injury and its

Fig. 1 Urodynamic findings of our case presentation
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acute complications. Autonomic dysfunction is an impor-
tant aspect of the long-term clinical care of persons with
SCIs that must be well considered. The development of
common standards for such injuries will improve injury
classifications, communication between medical profes-
sionals and researchers, and may prove to have a prognostic
value.

The ISNCSI is a valid, reliable measure of motor and
sensory dysfunction that was initially developed by ASIA in
1982 and is currently in its seventh edition. Autonomic
dysfunction still has not been adapted as part of the ISNCSI
but ASIA and ISCoS developed the ISAFSCI in 2009 and
revised it in 2012. Both groups recommend including the
ISAFSCI in the assessment of persons with SCIs. We
specifically presented a case to give an example on how
correlate a clinical scenario with the lower urinary tract
function of the ISAFSCI subset and ISCoS urodyamic basic

data set. The remainder of the ISAFSCI also includes
general autonomic function, bowel function, and sexual
function subheadings (Fig. 2); these are very important for
the overall assessment of the patient but are beyond scope
of our case presentation.

When completing the lower urinary tract function portion
of the ISAFSCI, we start with classifying the patient
according to the level of the injury as either supraconal,
conal, or cauda equina. Supraconal lesions are above the
sacral micturition center. They usually have intact sacral
reflexes, overactive detrusor muscle, and detrusor sphincter
dyssynergia. Conal lesions are lesions that damage the
conus medullaris, which has the sacral reflex center. We
further subdivide these lesions into types A and B. Type A
is a conal lesion with damage to the detrusor nucleus, which
controls the parasympathetic supply to the bladder. Such
patients have an intact sacral reflex, they have

Fig. 2 Complete ISAFSCI autonomic dysfunction data collection form
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hypocontractile/acontractile detrusor muscles, and also
experience detrusor sphincter dyssynergia. Type B lesions
are conal lesions with damage to the pudendal nucleus.
Those patients will have absent sacral reflex, an incompe-
tent sphincter, and an overactive detrusor function. The final
lesion is rostral to the conus medullaris and involves the
cauda equina or peripheral nerves. Such patients have
absent sacral reflex, no sensation of their bladder, the
detrusor is acontractile, and the sphincter is non-relaxing
due to persistent sympathetic stimulation.

The ISAFSCI lower urinary tract function involves
assessing three clinical aspects; the awareness of the need to
empty the bladder; ability to prevent leakage; and the
method of bladder emptying. The first two aspects are
scored on a scale from 0 to 2 and NT, 2 representing normal
function, 1 representing reduced function, and 0 represent-
ing absent function. NT is unable to assess due to pre-
existing or concomitant problem. The third clinical aspect
depends on the method of bladder emptying as foley
catheter or intermittent catheterization. We have included 2
algorithms to assist with answering those questions (Figs. 3
and 4). It should be noted that the first and second questions
must be answered considering the intrinsic, current condi-
tion of the patient without the added benefit of any medical
intervention. Thus, our patient had a leakage score of zero
despite being dry on CIC and oxybutynin. The reason is that
we must consider his intrinsic neurological status without
the benefit of our medical intervention. This is a confusing
aspect of ISAFSCI since the standards do not clearly state
whether the assessment should be performed while the
patient is on or off medications/interventions. However, the
standards clearly state that score 2 should be used when
there is no change in neurologic control with respect to a

specific function. A person with SCI with residual neuro-
logical deficit whose symptoms are controlled with medical
therapy could not score 2 on ISAFSCI. It would be rea-
sonable to use ISCoS data sets in situations where com-
municating effectiveness of medical interventions on a
patient’s clinical picture.

The ISCoS basic data set assess eight urodynamic
aspects [6]. The first is bladder sensation during filling
cystometry, which can be normal, increased, reduced,
absent, or nonspecific. Normal bladder sensation can be
judged by three defined points noted during filling cysto-
metry and evaluated in relation to the bladder volume at that
moment and in relation to the patient’s symptoms. Increased
bladder sensation is defined as an early first sensation of
bladder filling (or an early desire to void) and/or an early
strong desire to void, which occurs at low bladder volume.
Reduced bladder sensation is defined as diminished sensa-
tion throughout bladder filling. Absent bladder sensation
means that the individual has no bladder sensation. Non-
specific bladder sensations are atypical sensations experi-
enced during filling, which the patient does not attribute to
his bladder, for example, abdominal fullness or vegetative
symptoms.

Detrusor function can be normal, underactive, neuro-
genic overactive, or acontractile. Normal detrusor function
allows bladder filling with little or no change in pressure.
No involuntary phasic contractions occur despite provoca-
tion. Detrusor overactivity is a urodynamic observation
characterized by involuntary detrusor contractions during
the filling phase, which may be spontaneous or provoked.
Detrusor underactivity is defined as a contraction of reduced
strength and/or duration, resulting in prolonged bladder
emptying and/or a failure to achieve complete bladder

Fig. 3 Algorithm for answering “awareness of the need to empty the
bladder” in the lower urinary tract subsection of ISAFSCI

Fig. 4 Algorithm for answering “ability to prevent leakage” in the
lower urinary tract subsection of ISAFSCI
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emptying within a normal time span. Acontractile detrusor
is one that cannot be demonstrated to contract during uro-
dynamic studies.

Urethral function during voiding can be normal, may
show detrusor sphincter dyssynergia, or show non-relaxing
urethral sphincter obstruction. Normal urethral function is
defined as urethra that opens and is continuously relaxed to
allow the bladder to be emptied at a normal pressure.
Detrusor sphincter dyssynergia is defined as a detrusor
contraction concurrent with an involuntary contraction of
the urethral and/or periurethral striated muscle. Occasion-
ally, flow may be prevented altogether. Non-relaxing ure-
thral sphincter obstruction usually occurs in individuals
with a neurological lesion and is characterized by a non-
relaxing, obstructing urethra resulting in reduced urine flow.

There are also five parameters to be included in the data
set, which includes compliance of <10 ml/cmH2O, detrusor
leak point pressure in cmH2O, maximum detrusor pressure
in cmH2O, cystometric bladder capacity in ml, and post-
void residual volume in ml. Compliance is ideally calcu-
lated as change in bladder volume divided by change in
detrusor pressure. However, since a numerical value is not
required, practitioners often tend to estimate the compliance
as less than or greater than 10 ml/cmH2O from the shape of
the bladder filling curve. Detrusor leak point pressure is
lowest detrusor pressure at which urine leakage occurs in
the absence of either a detrusor contraction or increased
abdominal pressure. Maximum detrusor pressure is peak
detrusor pressure achieved by the detrusor muscles during
filling. Cystometric bladder capacity is the maximum
volume of fluid infused into the bladder during the filling
phase. Finally, post-void residual is the amount of urine
remaining inside the bladder after the patient has voided.

It is important to note that the updated version of ISAFSCI
eliminated the urodynamic component from the form since “a
majority of individuals will not have this assessment in the
acute and sub-acute period of rehabilitation”. Thus, “most of
the time this component of the form will be left empty”.
However, ISAFSCI still “strongly recommended that urody-
namics be routinely performed following SCI” [5]. We
believe that the urodynamic data set provides an informative,
applicable way of communicating such data.

The ISCoS has published more extensive data sets that
present detailed data collection templates on multiple clin-
ical aspects in SCI involving specific aspects such as skin
thermoregulation, sexual function, upper urinary tract ima-
ging, and more. The goals for the data sets were to dis-
seminate standards for the collection of data from
participants enrolled in studies of neurological diseases,
create easily accessible tools for investigators to collect
study data, and encourage focused and simplified data
collection to reduce the burden on investigators and
practice-based clinicians [8]. Although the data sets provide

a wealth of information and may be used as standardized
ways of data collection for clinical care and communication,
we feel that they are quite extensive and not applicable to
the pace and practice models of some clinical situations. We
believe that the ISAFSCI an effective, practical method of
defining the baseline of the autonomic neurological status of
persons with SCIs and that ISCoS data sets may be more
appropriate to monitor changes with clinical interventions in
addition to the goals stated above.

Management of chronic medical and quality-of-life
issues is an important part of the holistic care of persons
with SCIs. Autonomic functions, especially lower urinary
tract, can result in significant morbidity and detriment to the
quality of life of persons with SCIs if not properly
addressed. A very important step is to find a common,
practical framework in describing and assessing such dys-
function. We believe that the ISAFSCI is a very initial step
in achieving this goal. We hope that with wider application,
it will show prognostic value as well.
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