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Ice Water Urodynamic Study in Neurogenic Bladder
of Spinal Cord Injured Patients

Ji Cheol Shin, M.D., Chang-il Park, M.D., In Keol Bang, M.D.
Cheong Hoon Seo, M.D., Yong Rae Kim, M.D.
and Jung Eun Kim, M.D.

Department of Rehabilitation Medicine and Research Institute of Rehabilitation Medicine,
Yonsei University College of Medicine

Objective: To determine the clinical utility of ice water test for the urodynamic study in
neurogenic bladder of spinal cord injured patients.

Method: Warm water (20~30°C) urodynamic studies were performed on 66 spinal cord
injured patients. Subsequently, ice water (4~8°C) urodynamic studies were performed. We
determined the ice water test to be positive if the reflex volume of ice water urodynamic study
is lower than the volume of the warm water urodynamic study.

Results: Ice water test was positive in 24 (55.8%) and negative in 19 (44.2%) of the 43 patients
showing hyperreflexic detrusor activity in warm water urodynamic study. Ice water test was
negative in all 23 cases showing areflexic detrusor activity. No significant difference was found
between positive and negative ice water test groups for the level of injury, sex, age, extent of
injury and duration since injury. If water was cool enough, positivity of ice water test was not
affected by infusion rate. There was no difference between the two urodynamic studies of
maximal bladder pressure and compliance.

Conclusion: This study suggests that ice water urodynamic study is a useful method for the
evaluation of hyperreflexic neurogenic bladder activated by cold specific receptors via C afferent
fibers in spinal cord injured patients.
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Table 1. General Characteristics of Subjects

Group A" (n=24) Group B? (n=19) Group C” (n=23)

Male : Female (No. of cases) 21:3 14:5 17:6
Age (years: meantSD) 33.4+12.1 33.249.1 33.0+11.7
Mean duration since injury (months) (range) 17.8 2~134) 23.8 (2~133) 5.6 (1~16)
Level of injury (No. of cases)

Suprasacral 23 16 19

Infrasacral 1 3 4
Extent of injury (No. of cases)

Complete lesion 13 8 14

Incomplete lesion 11 11 9

1. Group A: Positive ice water test, hyperreflexic neurogenic bladder. Reflex volume of ice water < reflex volume
of warm water, 2. Group B: Negative ice water test, hyperreflexic neurogenic bladder. Reflex volume of ice water >
reflex volume of warm water, 3. Group C: Negative ice water test, areflexic neurogenic bladder
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Fig. 1. The reflex volume of ice water plotted against the reflex volume of warm water with (A) a positive and (B)
negative ice water test using urodynamic system in hyperreflexic neurogenic bladder.
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Table 2. Results of Ice Water Test with Infusion Rate.

No. of cases (%)

Group A" Group B
(n=24) (n=19)
Ice water infusion rate
60 ml/min (n=25) 12 (48.0) 13 (52.0)
100 ml/min (n=18) 12 (75.0) 6 (25.0)

1. Group A: Positive ice water test, hyperreflexic neuroge-
nic bladder. Reflex volume of ice water < reflex volume
of warm water, 2. Group B: Negative ice water test,
hyperreflexic neurogenic bladder. Reflex volume of ice
water > reflex volume of warm water
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Table 3. Compliance during Warm or Ice Water Infusion with Positive or Negative Ice Water Test and with Infusion

Rate in Hyperreflexic Neurogenic Bladder

Group A" (n=24)

Group B” (n=19)

Compliance (ml/cmH,0)
IRY 60 ml/min

IR 100 ml/min

IR 60 ml/min IR 100 ml/min

(n=12) (n=12) (n=13) (n=6)
Warm water 255+ 79 27.3+18.9 21.0£13.0 11.3+ 6.7
Ice water 22.9+13.5 17.7+12.4* 24.5£19.9 29.8+40.4

Values are meantstandard deviation.

1. Group A: Positive ice water test, hyperreflexic neurogenic bladder. Reflex volume of ice water < reflex volume
of warm water, 2. Group B: Negative ice water test, hyperreflexic neurogenic bladder. Reflex volume of ice water >
reflex volume of warm water, 3. IR: Infusion rate of ice water

*p<0.05
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Table 4. Results of Ice Water Test with Low or High
Compliance in Warm Water Urodynamic Study

No. of cases (%)

IWT" positive IWT negative

(n=24) (n=42)
Compliance
Low (<20 ml/cmH,0)
(n=28) 9 (32.1) 19 (67.9)
High (=20 ml/cmH,0)
(n=38) 15 (39.5) 23 (60.5)

1. IWT: Ice water test

Table 5. Maximal Detrusor Pressure during Warm or Ice
Water Infusion with Positive or Negative Ice
Water Test in Hyperreflexic Neurogenic Bladder

Maximal detrusor Group A" Group B?
pressure (cmH,0) (n=24) (n=19)

Warm water 55.62+£32.29 59.11£28.74
Ice water 76.16+61.52 55.17+43.53

Values are meantstandard deviation.

1. Group A: Positive ice water test, hyperreflexic neuroge-
nic bladder. Reflex volume of ice water < reflex volume
of warm water, 2. Group B: Negative ice water test,
hyperreflexic neurogenic bladder. Reflex volume of ice
water > reflex volume of warm water
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Table 6. Results of Ice Water Test with Low or High
Maximal Detrusor Pressure in Warm Water
Urodynamic Study

No. of cases (%)

IWT" positive IWT negative

(n=24) (n=42)
Maximal detrusor pressure
Low (<40 cmH,0)
(n=34) 8 (23.5) 26 (76.5)
High (=40 cmH,0)
(n=32) 16 (50.0) 16 (50.0)

IWT: Ice water test
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