	Evidence Table 3.  Drug Therapies


	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	BRONCHODILATORS

	Almenoff, Alexander, Spungen et al., 1995
Possible overlap with DeLuca, Grimm, Lesser et al., 1999

and Singas, Grimm, Almenoff et al., 1999


	Design:  Single-subject design clinical trial
Quality:

Internal validity

Level V

External validity

1-Y

2-Y

3-Y

4-Y

5-N
	N = 25

Neurol. status  


Time since injury:  11 ± 2 (SEM) yrs (chronic)


Level of injury:  Cervical


Completeness of injury:  24% complete, 76% incomplete (complete motor and sensory loss, 6 pts; complete motor and incomplete sensory loss, 17 pts; incomplete motor and sensory loss, 2 pts)

Pulmonary status:  28% with dyspnea at rest, 72% without; no pts with evidence of respiratory tract infections or other acute pulmonary symptoms; none reporting history of asthma or allergies

Age:  43

Sex:  100% M
Race:  N/S

	Prospective test conducted to determine if “administration of a cholinergic antagonist alters resting airway tone.”  A single group of pts were given 1 dose of aerosolized 72 μg ipratropium bromide (4 puffs), inhaled via a spacer device.  With pts seated upright in wheelchairs, spirometric values were measured (using dry rolling seal spirometer) once before and 45 min after pt given ipratropium bromide.  


	FEV1:  

· No. (and percentage) of pts achieving ≥ 12% improvement from pre- to post-bronchodilator:  12/25 (48%)

· Mean improvement from pre- to post-bronchodilator (only p-value reported):  p = 0.0036

FVC:  

· No. (and percentage) of pts achieving ≥ 12% improvement from pre- to post-bronchodilator:  12/25 (48%)

· Mean improvement from pre- to post-bronchodilator (only p-value reported):  p = 0.0084




	Evidence Table 3.  Drug Therapies (continued)

	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	DeLuca, Grimm, Lesser et al., 1999

Possible overlap with

Almenoff, Alexander, Spungen et al., 1995 and Singas, Grimm, Almenoff et al., 1999
	Design:  Prospective single-subject design clinical trial

Quality:

Internal validity

Level III

External validity

1-Y

2-Y

3-Y

4-Y

5-Y
	N = 25

Neurol. status  


Time since injury:  Mean, 10 yrs (range:  2-30)


Level of injury:  4% C4, 24% C5, 56% C6, 16% C7


Completeness of injury:   28% complete injury, 72% incomplete injury

Pulmonary status:  No subjects required mechanical ventilation; all had “previously demonstrat[ed] airway hyperreactivity to methacholine or histamine”; none reported history of asthma, allergies, or recent respiratory tract infections or other acute pulmonary symptoms

Age:  40

Sex:  100% M
Race:  N/S


	Preventive test to determine whether or not pre-treatment with a beta2-agonist (metaproterenol sulfate) to relax airway smooth muscle would reduce airway hyperresponsiveness from either inhaled methacholine or inhaled histamine.

Experimental:  Nebulized metaproterenol sulfate, 2.5 mL of a 0.6% solution, via nebulizer with flow rate of 8 L/min; not administered on initial study day, but given 1x on second study day (( 2 wks later), 25 min before administration of methacholine or histamine

Group 1:  Inhaled methacholine, dose ranging from 0.025 to 25 mg/mL, with concentration being increased logarithmically (0.025, 0.25, 2.5, 10, and 25 mg/mL) until either PC20 (defined at right ) or maximal concentration of methacholine reached; administered twice, once on initial study day and once (≤ 2 wks later) after metaproterenol administered (n = 9; see note below)

(Note:  Subjects who used baclofen or oxybutynin as long-term therapies were not given methacholine.)

Group 2:  Inhaled histamine, dose ranging from 0.025 to 25 mg/mL, with concentration being increased logarithmically (0.025, 0.25, 2.5, 10, and 25 mg/mL) until either PC20 (defined at right) or maximal concentration of histamine reached; administered twice, once on initial study day and once (( 2 wks later) after metaproterenol administered  (n = 16)

On initial study day, subjects performed 5 slow inhalations of aerosolized normal saline solution from functional residual capacity (FRC) to total lung capacity (TLC).  All subjects instructed not to hold their breath at TLC and to exhale slowly.  Normal saline solution was administered via a nebulizer containing 4 mL of solution driven by air at a flow rate of 8 L/min with an output of 0.35 mL/min.  On initiation of each breath, nebulization was achieved by manual occlusion of a thumbport for approximately 5 sec.  Subsequently, by use of same methods, nonresponders to normal saline solution were given increasing concentrations of methacholine or histamine until either PC20 (defined at right) or maximal concentration of methacholine or histamine were reached. 

Subjects returned within 2 wks of initial test and were given nebulized metaproterenol sulfate; 25 min later, they were given either methacholine or histamine using same methods as were used in initial test.

With subjects seated in wheelchairs, spirometry was performed 2 min after each administration of methacholine or histamine, or sooner if subjects experienced cough or chest tightness.  Spirometry was performed again 20 min after administration of metaproterenol sulfate.


	Change in “provocative concentration of methacholine or histamine that caused a 20% decrease in FEV1” (PC20):  Administration of metaproterenol sulfate reduced methacholine- and histamine-induced bronchoconstriction significantly.  It caused a 20% decrease in FEV1 (PC20) values (geometric mean) from 1.01 ± 2.76 (SD) to 19.34 ± 6.24 mg/mL for methacholine and from 2.29 ± 2.26 to 18.86 ± 5.93 mg/mL for histamine (p < 0.05, both comparisons). 

Correlation between PC20 values and baseline FEV1 percent:  Investigators found no correlation between PC20 values for individual subjects and % improvement in FEV1 after inhalation of metaproterenol sulfate and between PC20 values and baseline FEV1 %.



	Evidence Table 3.  Drug Therapies (continued)

	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	Dicpini-gaitis, Spungen, Bauman et al., 1994


	Design:  Prospective concurrent cohort comparison

Quality:

Internal validity

Level V

External validity

1-Y

2-N

3-Y

4-Y

5-N
	N = 14

Neurol. status  


Time since injury:  17 ± 9 yrs, baclofen grp; 9 ± 7 yrs, no-baclofen grp


Level of injury:  14% C4-C5; 57% C5-C6; 29% C6-C7


Completeness of injury:  N/S

Pulmonary status:  All were without respiratory complaints or evidence of recent or current infection at time of study

Age:  38 (range:  23-57)

Sex:  100% M
Race:  N/S

	Test to determine if chronic baclofen treatment inhibits airway hyperresponsiveness caused by inhaled methacholine.  

Experimental:  Baclofen, 30-120 mg/day for ≥ 2 yrs (range of use:  2-20 yrs) (n = 6)

Control:  No-baclofen (n = 8) (see “Note” below)

Subjects inhaled 5 breaths from FRC to TLC of saline solution, followed by progressively increasing concentrations of methacholine (0.025, 0.25, 2.5, 10, and 25 mg/mL) administered via a nebulizer.  Nebulizer was driven by air at a flow rate of 8 L/min.  On initiation of each breath, nebulization was achieved by manual occlusion of a thumbport.  Spirometry was performed 5 min after inhalation of saline and after each concentration of methacholine, or sooner if subject experienced dyspnea or chest tightness.

Test Drug:  Aerosolized methacholine, with concentration increased (0.025, 0.25, 2.5, 10, 25 mg/mL) until either PC20 (defined at right) or maximal concentration (25 mg/mL) were reached 

Spirometry was performed before bronchodilation and 5 min after inhalation of saline and after bronchodilation with each incremental concentration of methacholine.

Note:  1 pt in no-baclofen grp took 5 mg/day of prazosin, which is reported to have bronchodilator activity after oral administration.  


	Mean “concentration of provocative agent causing a decrease in FEV1 by 20%” (PC20):  Mean PC20 for the baclofen grp was significantly higher than that for the no-baclofen grp (p = 0.001), indicating that chronic baclofen therapy is effective in inhibiting bronchial hyperresponsiveness.  Values were as follows:

Baclofen:
15.0 ± 9.1 (SD) mg/mL

No-baclofen:
1.42 ± 1.60

Note:  For subjects not responding to 25 mg/mL of methacholine, a PC20 value of 25 was used in the calculation of mean PC20.

No. of pts in baclofen grp  with positive or negative challenge tests to methacholine, where “positive challenge” was defined as PC20 < 8 mg/mL:  

Baclofen
2/6 (33%)

No-baclofen
8/8 (100%)

Correlation between values of PC20 and either dosage or duration of baclofen therapy:  No correlations found for either comparison

Other outcomes reported:
Mean FEV1 (% pred.)

Mean FVC (% pred.)

Mean FEV1/FVC


	Evidence Table 3.  Drug Therapies (continued)

	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	Fein, Grimm, Lesser et al., 1998


	Design:  Prospective single subject design clinical trial

Quality:

Internal validity

Level V

External validity

1-Y

2-Y

3-Y

4-Y

5-N
	N = 15

Neurol. status  


Time since injury:  14 yrs (range:  

3-31)


Level of injury:  C4 7%, C5 40%, C6 20%, C7 33%


Completeness of injury:  Complete, 33%; incomplete, 67%

Pulmonary status:  N/S, but all free of recent or active pulmonary infections; baseline mean FEV1, 2.3; baseline mean FVC, 2.8

Age:  43 (range:  24-65)

Sex:  100% M
Race:  N/S

	Tested effectiveness of ipratropium bromide for preventing or reducing airway hyper-reponsiveness to histamine.

Experimental:  Inhaled ipratropium bromide, 72 μg (4 puffs), administered via metered-dose inhaler with attached spacer device

Test Drug:  Inhaled histamine diphosphate, dose ranging from 0.025 to 25 mg/mL, with concentration being increased logarithmically (0.025, 0.25, 2.5, 10, and 25 mg/mL) until either PC20  (provocative concentration of histamine that caused a 20% decrease in FEV1) or maximal concentration of histamine reached; administered twice, once on initial study day and once (≤ 30 days later) 30 min after ipratropium bromide was administered

Subjects performed 5 slow inhalations (inspiratory time, 5 sec) of saline solution or histamine from functional residual capacity (FRC) to total lung capacity (TLC)  All instructed not to hold their breath at TLC and to exhale slowly (time between each inhalation, approx. 10 sec).  Normal saline solution or histamine was administered via a nebulizer.  Test was terminated (by inhalation of an unspecified beta2-agonist) when either FEV1 decreased 20% or more from baseline or maximal concentration of histamine was reached. 

Subjects who responded to histamine returned within 30 days of initial test and were given aerosolized ipratropium bromide; 30 min later, they were given aerosolized histamine using same methods as were used in initial test.

Spirometry performed before histamine administered and 2-3 min after each set of 5 inhalations (or sooner if pt experienced dyspnea or chest tightness).  Spirometry also performed before and after bronchodilation.


	Investigators reported that “PC20 values were not significantly different before and after administration of ipratropium bromide, administered at a dosage that completely blocks methacholine responsiveness” (p. 53).
No. of pts with significant response to histamine (defined as PC20 < 8 mg/mL):  
· Histamine alone:  12/15 (80%) pts 

· Histamine after pretreatment with ipratropium bromide:  12/15 (80%) pts (same pts as before, with some within-subject variability)
Difference in mean PC20 values pre- to post-treatment with bronchodilator (responders only, n = 12) (expressed as geometric mean):  There was no significant difference in PC20 from pre- to post-treatment with ipratropium bromide.



Pre-bronch.
Post-bronch.
Geo. mean:
       1.27

       1.50

Mean PC20  for responders (n = 12) vs. nonresponders (n = 3) to histamine only:  



Responders 
Nonresponders 

Geo. mean     
      1.27

         25

Difference between mean values (arithmetic and geometric) for PC20 before and after treatment with bronchodilator (responders only):  There were no significant differences in arithmetic mean values for PC20 from pre- to post-treatment (p ( 0.05) or in geometric mean values (p ( 0.05).



Pre-bronch.
Post-bronch.
Arith. mean
     1.94 ± 1.67
      2.97 ± 2.24

Geo. mean
     1.27

      1.50

Other outcomes reported:
Mean FVC (% pred.)

Mean FEV1 (% pred.)

FEV1/FVC


	Evidence Table 3.  Drug Therapies (continued)

	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	Grimm, DeLuca, Lesser et al., 1997


	Design:  Prospective concurrent

cohort study

Quality:

Internal validity

Level III

External validity

1-N

2-N

3-N

4-Y

5-N
	N = 24

Neurol. status  


Time since injury:  13 yrs (range:  2-30)


Level of injury:  C4 4%, C5 29%, 

C6 46%, C7 21% 


Completeness of injury:  N/S

Pulmonary status:  No pts reported recent or active pulmonary infections; none had preinjury history of pulmonary disease or respiratory symptoms

Age:  41 (range:  23-64)

Sex:  100% M
Race:  N/S
	Test to determine if chronic baclofen treatment inhibits airway hyperresponsiveness caused by inhaled histamine. 

Experimental:  Baclofen, mean of 66 mg/day (range:  30-160) for (1 yr 

(range:  1-15) (n = 14)

Control:  No-baclofen (n = 10)

Subjects inhaled 5 breaths (inspiratory time, 5 sec) from FRC to TLC of saline solution, followed by progressively increasing concentrations of histamine (0.025, 0.25, 2.5, 10, and 25 mg/mL) administered via a nebulizer.  All instructed not to hold their breath at TLC and to exhale slowly (time between each inhalation, approx. 10 sec).  Nebulizer containing 4 mL of solution was driven by air at a flow rate of 8 L/min (output of 0.35 mL/min).  On initiation of each breath, nebulization was achieved by manual occlusion of a thumbport.  Histamine administered until PC20 (defined below) or 25 mg/mL reached.  Pts with significant response to histamine immediately inhaled a beta2-agonist (not identified).

Spirometry performed before histamine administered and 2-3 min after inhalation of saline and each concentration of histamine, or sooner if subject experienced dyspnea or chest tightness.  

Test drug:  Aerosolized histamine, with concentration increased (0.025, 0.25, 2.5, 10, and 25 mg/mL) until either PC20 (concentration of provocative agent causing a decrease in FEV1 by 20%) or maximal concentration (25 mg/mL) were reached


	No. of pts with significant bronchoconstrictor response to histamine (defined as PC20 < 8 mg/mL):  

Baclofen:
11/14 (78%)

No-baclofen:
8/10 (80%)

Mean PC20 (concentration of histamine causing a 20% decrease in FEV1) of responders:  There were no significant differences in mean PC20 between responders (n = 11/14) in the baclofen grp and those (n = 8/10) in the no-baclofen group (p ( 0.05).  Means (arithmetic) were as follows:

Baclofen:
2.91 ± 2.3 (SD) mg/mL

No-baclofen:
2.18 ± 1.9

Note:  For subjects not responding to 25 mg/mL of histamine, a PC20 value of 25 mL was used in the calculation of mean PC20.

Mean PC20 of combined responders/ and nonresponders:  There were no significant differences between the 2 grps.  Means (arithmetic) were as follows:


Baclofen:
6.69 ± 7.8


No-baclofen:
6.74 ± 9.8

Correlations between PC20 values and either dosage or duration of baclofen therapy:  No significant correlations observed for either comparison.

Other outcomes reported:
FEV1 (% pred.)

FVC (% pred.)

FEV1/FVC






	Evidence Table 3.  Drug Therapies (continued)

	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	Singas, Grimm, Almenoff et al., 1999

Possible overlap with DeLuca, Grimm, Lesser et al., 1999 and Almenoff, Alexander, Spungen et al., 1995


	Design:  Prospective non-randomized clinical trial
Quality:

Internal validity

Level III

External validity

1-Y

2-Y

3-Y

4-Y

5-Y
	N = 25 

Neurol. Status  


Time since injury (yrs):

Oxybutynin-treated methacholine grp, 19; controls for that grp, 18.

Oxybutynin-treated histamine grp, 14; controls for that grp, 10.


Level of injury:  12% C4, 16% C5, 48% C6, 24% C7


Completeness of injury:  40% complete, 60% incomplete

Pulmonary status:  No subjects had history of pulmonary disease or respiratory symptoms, recent viral syndrome or respiratory tract infection, and seasonal allergy

Age:  Oxybutynin-treated methacholine grp, 46; controls for that grp, 47.

Oxybutynin-treated histamine grp, 39; controls for that grp, 38.

Sex:  100% M
Race:  N/S


	Test to determine if chronic oxybutynin chloride treatment inhibits airway hyperresponsiveness caused by either inhaled methacholine or inhaled histamine.  All controls were age-matched with oxybutynin-treated subjects and were not taking (had not been taking) oxybutynin.  Half of subjects in the experimental grp and half of those in the control grp were challenged with methacholine; the other half of the experimental and control grps were challenged with histamine.

Experimental:  Inhaled oxybutynin chloride, 10-15 mg/day for > 1 yr (av. range of use:  1-15 yrs) (n = 12)

Control:  Non-oxybutynin users (n = 13)

Subjects performed 5 slow inhalations (inspiratory time, 5 sec) of saline solution, methacholine, or histamine from functional residual capacity (FRC) to total lung capacity (TLC).  All instructed not to hold breath at TLC and to exhale slowly (time between each inhalation, ( 10 sec).  Normal saline solution, methacholine, or histamine were administered via a nebulizer containing 4 mL of solution driven by air at a flow rate of 8 L/min with an output of 0.35 mL/min.  On initiation of each breath, nebulization was achieved by manual occlusion of a thumbport.  Spirometry was performed 2-3 min after each set of 5 inhalations (saline, histamine, or methacholine), or sooner if subject experienced cough or chest tightness.

Test Drug 1:  Aerosolized methacholine, with concentration increased (0.025, 0.25, 2.5, 10, 25 mg/mL) until either PC20 (defined at right) or maximal concentration (25 mg/mL) were reached (n = 6)

Test Drug 2:  Aerosolized histamine diphosphate, with concentration increased (0.025, 0.25, 2.5, 10, 25 mg/mL) until either PC20 (defined at right) or maximal concentration (25 mg/mL) were reached (n = 6)


	Mean change in “concentration of provocative agent causing a decrease in FEV1 by 20%” (PC20):

· Methacholine:  Investigators reported that “the bronchoconstrictor effects of methacholine were blocked by oxybutynin chloride” (p. 279).  

Oxybutynin/methacholine
25 mg/mL

Control/methacholine

2.0 ± 1.1 (SD)

· Histamine:  The bronchoconstrictor effects of 


histamine were not blocked by oxybutynin. 

Oxybutynin/histamine 

3.4 ± 2.9 mg/mL

Control/histamine

3.4 ± 1.4

· No. of subjects with significant bronchoconstrictor responses (defined as PC20 < 8 mg/mL):  6/12 (50%) of the oxybutynin grp (all histamine subjects) and all 13 subjects (100%) of the control grp had significant bronchoconstrictor responses (defined above).

Differences between responders and nonresponders with respect to spirometry parameters (above), level of injury, duration of injury, or smoking status:  No significant differences were found between responders and nonresponders for these variables (p-values not reported).






	Evidence Table 3.  Drug Therapies (continued)

	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	Spungen, Dicpini-gaitis, Almenoff et al., 1993


	Design:  Prospective single subject design clinical trial

Quality:

Internal validity

Level III

External validity

1-N

2-N

3-Y

4-Y

5-N
	N = 34
Neurol. status  


Time since injury:  Mean, 11.8 yrs (range:  1-37 yrs)


Level of injury:  N/S; all pts quadraplegic


Completeness of injury:  All pts had complete motor injuries; 29 (85%) had incomplete sensory injuries and 5 (15%) had complete sensory injuries

Pulmonary status:  Pts not ventilated

Age:  45.2

Sex:  100% M
Race:  N/S

	Inhaled metaproterenol sulfate (0.6%), 2.5 mL

Spirometry performed before and after bronchodilation


	Percentage of pts who were responders to bronchodilator, where “response” defined as an improvement in FEV1 of ( 12% post-bronchodilator (broken down according to smoking status of pts):  5/12 (42%) of nonsmokers and 9/22 (41%) of smokers were responders
Pulmonary function tests (mean pre-bronchodilator, post-bronchodilator, and % change scores reported; all results broken down according to smoking status of pts [12 non-smokers, 22 smokers]):

· FEV1
Results below are reported as mean ± SEM.  R = responders; NR = nonresponders.



Nonsmokers

     (n)
Pre

Post

% Change

R   (5)
2.30 ± 0.40
2.63 ± 0.43
16 ± 3

NR (7)
2.41 ± 0.23
2.42 ± 0.23
< 1 ± 1



Smokers

       (n)
Pre

Post

% Change

R     (9)
2.11 ± 0.31
2.33 ± 0.34
16 ± 2

NR (13)
2.50 ± 0.22
2.60 ± 0.23
4 ± 1

· FVC



Nonsmokers

       (n)
Pre

Post

% Change

R    (5)
2.71 ± 0.45
2.91 ± 0.41
10 ± 5

NR  (7)
2.68 ± 0.27
2.69 ± 0.26
< 1 ± 1



Smokers

       (n)
Pre

Post

% Change

R     (9)
2.84 ± 0.35
2.98 ± 0.36
6 ± 2

NR (13)
3.23 ± 0.23
3.35 ± 0.21
5 ± 2

Other outcomes reported:
Pulmonary function tests (mean pre-bronchodilator, post-bronchodilator, and % change scores reported; all results broken down according to smoking status of pts [12 non-smokers, 22 smokers]):

· FEV1/FVC

· Forced expiratory flow between 25% and 75% of the exhaled volume (FEF25-75)

Correlation between level of cervical spinal injury and FVC, FEV1, and FEF25-75 (broken down according to smoking status of pts)




	Evidence Table 3.  Drug Therapies (continued)

	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	PNEUMOCOCCAL VACCINATION

	Darouiche, Groover, Rowland et al., 1993


	Design:  Prospecting uncontrolled clinical trial

Quality:

Internal validity

Level III

External validity

1-N

2-N

3-Y

4-Y

5-N
	N = 80 (40 with spinal cord injury; 40 age-matched, able-bodied controls)
Neurol. status  


Time since injury:  17/40 SCI pts (42.5%) studied within 1 yr of injury, remaining 23 (57.5%) more than 1 yr after injury


Level of injury:  18/40 SCI pts (45%) quadriplegic


Completeness of injury:  N/S

Pulmonary status:  N/S

Age:  50.6 (SCI grp) and 50.65 (able-bodied grp)

Sex:  100% M (both grps)
Race:  N/S

	23-valent pneumococcal polysaccharide vaccine (IM), 0.5 mL
	Mean antibody concentrations, measured pre-treatment and at 4-6 weeks; immune response to 5 pneumococcal polysaccharides (3, 4, 6A, 8, 23) of Streptococcus pneumoniae evaluated:  There were no significant differences between the SCI and the control groups for this outcome.  

Percentage of pts responding to the 5 pneumococcal polysaccharides at 4-6 weeks (criteria for determining which pts were “responders” N/S):  There were no significant differences between the SCI and the control groups for this outcome.  The overall response rates were 77.5% for the SCI pts vs. 84% for the control grp.

Effect of following factors on immune response (among pts with SCI only):

· Age (< 55 yrs vs. ( 55 yrs)

· Time since injury (( 1 yr vs. > 1 yr)

· Level of injury (quadriplegia vs. paraplegia)
Regarding the above outcome, investigators reported that “among SCI patients, the antibody response was generally not affected by age, time since injury, or level of lesion” (p. 1354).  The only exception was that there was a higher antibody response to polysaccharide 8 in paraplegic versus quadriplegic subjects (p = 0.02).

Adverse reactions to vaccination:  Approximately 1/3 of all subjects had “transient mild pain or erythema at the site of vaccine injection, but none had systemic reaction to vaccination” (p. 1355).






	Evidence Table 3.  Drug Therapies (continued)

	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	Waites, Canupp, Edwards et al., 1998


	Design:  RCT

Quality:

Internal validity

Level I

External validity

1-Y

2-Y

3-Y

4-Y

5-N
	N = 91 received treatment; 4 lost to follow-up; 87 included in analysis
Neurol. status  


Time since injury:  All pts had “recent” spinal cord injury; see times for administration of study drug under “Interventions/Comparison Grps”


Level of injury:  Not described in detail; 47% of pts were tetraplegic


Completeness of injury:  63% of pts had “complete” injuries.  Inclusion criteria required pts to be classified as Frankel grade A, B, or C; number of pts in each category N/S.

Pulmonary status:  N/S

Age:  33 (range:  16-61)

Sex:  N/S
Race:  53% Caucasian

	23-valent pneumococcal vaccine (IM), administered 16-18 days post-injury

23-valent pneumococcal vaccine (IM), administered 4-6 months post-injury

Placebo (IM), administered 16-18 days post-injury

Placebo (IM), administered 4-6 months post-injury


	Mean antibody concentrations, measured pre-treatment and at 1, 2, and 12 months; immune response to 5 serotypes of Streptococcus pneumoniae 

(3, 4, 14, 19F, 23F) evaluated:  From abstract of article:  “Most participants developed an immune response to at least 1 serotype that was maintained for at least 12 mos.  Immune response varied according to serotype” (p. 1504). 

Effect of timing of vaccination (16-18 days post-injury vs. 4-6 months) on mean antibody concentrations at 1, 2, and 12 months:  Investigators reported that “timing of vaccination did not influence mean antibody concentrations for any serotype (p > 0.05)” (p. 1504).

Percentage of pts with a twofold or greater increase (compared to baseline) in antibody concentration for one or more serotypes at 1, 2, and 12 months:  95% of vaccinated pts (n = 41) versus 35% of placebo group (n = 46) had “twofold or greater increases in antibody concentration for at least 1 serotype when measured 2 months after vaccination (p < 0.01).  After 12 mos, 93% of vaccinated persons in both groups maintained antibody concentrations twofold or greater than baseline values” (p. 1504).

Adverse effects associated with vaccination:  There were “some [unspecified number] naturally occurring pneumococcal infections in the placebo groups during the 12 mos after enrollment” (p. 1506).  Investigators did not report if the vaccinated group had any adverse effects.

	OTHER
	
	
	
	

	Hart, Strauss, and Riker, 1984


	Design:  Prospective single subject design clinical trial

Quality:

Internal validity

Level III

External validity

1-N

2-Y

3-Y

4-Y

5-Y
	N = 22

Neurol. status  


Time since injury:  Mean, 16 mos (range:  4-84 mos); pts described as “fully rehabilitated [quadriplegics in] chronic phase of their injury”


Level of injury:  4% C4, 14% C4-5, 55% C5, 23% C5-6, 4% C6 (level described as “level of function at time of trial”)


Completeness of injury:  Complete physiological transection of spinal cord
Pulmonary status:  No pts had any known contraindications to hyperbaric oxygen

Age:  23

Sex:  77% M, 23% F
Race:  N/S


	2-yr trial of effect of hyperbaric oxygen on VC:

Hyperbaric oxygen, given at 2 Alimentary Toxic Aleukia 2 hrs/day x 21 consecutive days in 2 different years

Pulmonary function tests (PFTs) were measured with pts in sitting positions before each trial with hyperbaric oxygen; PFTs also measured weekly after each trial (for 3 wks).  Pts who desired to repeat the trial or trials were allowed to do so at least 4 wks after first trial.  Trial was discontinued if pts were claustrophobic, contraindications arose during trial, or a marked decrease in VC was noted during trial.


	Vital capacity:

· Mean VC (L) pre- and post-trial (and % pred.):  No statistical comparisons were made.



(L)


(% pred.)
Pre-trial
2.38 L (0.88) (SD)
47%

Post-trial
2.60 L (0.87)

51%

· No. (and %) of pts who improved, showed no changed or had decrease in VC:  

No. (%) improved

16/22 (73%)

No. (%) with no change
2/22 (9%)

No. (%) with decrease

4/22 (18%)

· No. of pts with significant improvement in VC (> 10% improvement in ( 3 wks of treatment):  10/22 (45%)

· Average time from injury to trial for pts with improvement (or decrease) in VC:  18 mos (for 16/22 pts with improvement), 15 mos (for 4/22 pts with decrease)

Complications:

· No. of pts with (and type of) complications:  15 pts had increased distal spasticity but responded to antispastic medications; 8 had urinary tract infections; 5 had Grade 1 barotrauma (reddened eardrums) and required nasal spray decongestants; 2 had Grade 2 barotrauma and required both spray and by-mouth decongestants; 1 “suffered a seizure during the study and EEG revealed a left temporal focus of irritation” (p. 9); 1 developed confinement anxiety

Other outcomes reported:
No. of pts requesting further trials

For Year 2 pts,

· Inspiratory forces

· Expiratory forces


	Evidence Table 3.  Drug Therapies (continued)

	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	Segal and Brunne-mann, 1997


	Design:  Prospective single subject design clinical trial

Quality:

Internal validity

Level V

External validity

1-N

2-Y

3-Y

4-N

5-Y
	N = 11 (cervical-injured pts of larger group of 17, 6 with thoracic or lumbar injuries)

Neurol. status  


Time since injury:  Mean, 14 yrs (range:  3-28)


Level of injury:  C2 9%; C4-C5 or C5 alone, 36%; C5-C6 36%; C6-C7 or C7 alone, 18% 


Completeness of injury:  27% complete, 73% incomplete

Pulmonary status:  Mean baseline FVC, 2.61 L

Age:  40 (range:  26-60)

Sex:  82% M, 18% F
Race:  N/S


	4-aminopyridine (4-AP), single oral dose of 10 mg of an immediate-release formulation

Procedure

Pts instructed to fast overnight prior to day of study.  On study day, baseline spirometry was performed and then pt was given 10 mg of oral study medication.  Spirometry was performed at 4, 6, 8, 10, 12, and 24 hrs.  Best of 3 attempts were recorded at each timepoint.  Pts instructed to wait 3 hrs before resuming their usual “sleep-wake cycles, levels of function, eating patterns, and daily activities.”  All pts were tested at the same time of day to minimize effect of circadian variability.  


	FEV1:  Mean FEV1 increased significantly from  pretreatment (2.18 L) to 6 hrs after treatment 

(p < 0.05); this increase remained significant 12 hrs after study med administered (p < 0.05).  The maximum FEV1 achieved during the 24-hr period was 2.59 L.

FVC:  Mean FVC increased significantly from pretreatment 

(2.61 L) to 6 hrs after treatment 

(p < 0.05); this increase remained significant 12 hrs after study med administered (p < 0.05).  The maximum FVC achieved during the 24-hr period was 3.05 L. 

MEP:  Mean MEP increased significantly (by 22%) from pretreatment (52.80 cm H2O) to 

10 hrs after treatment (p = 0.03); 

12 hrs after treatment, the increase of 14% (compared with pretreatment) remained significant (p < 0.05).  The maximum MEP achieved during the 24-hr period was 73.24 cm H2O.   

MIP:  Mean MIP (negative pressure) increased significantly (by 20%) from pretreatment (60.26 -cm H2O) to 8 hrs after treatment (p = 0.06); 12 hrs after treatment, the increase of 13% (compared with pretreatment) remained significant (p < 0.05).  The maximum MIP achieved during the 24-hr period was 79.17 (cm H2O.

Investigators reported that all of the above outcomes were still numerically, if not statistically, increased at 24 hrs after treatment.  

Correlation between level of injury and FEV1 (pretreatment FEV1 as % of predicted FEV1) in pts with incomplete injuries:  Investigators found a significant correlation between these 2 variables (r = (0.86, p = 0.006). 

Correlation between level of injury and % increase in MEP in pts with incomplete injuries:  Investigators found a significant correlation between these 2 variables (r = 0.82, p = 0.012). 

Other outcomes reported: 


FEV1/FVC 




	Evidence Table 3.  Drug Therapies (continued)

	Study
	Design and Quality
	Patient Population
	Study Protocol/Interventions
	Results/Outcomes

	Spungen, Grimm, Strakhan et al., 1999


	Design:  Prospective single subject design clinical trial

Quality:

Internal validity

Level III

External validity

1-Y

2-Y

3-Y

4-Y

5-N/A
	N = 10
Neurol. status  


Time since injury:  Mean, 16 yrs (range, 7 to 31); inclusion criteria required pts to have sustained their injury > 1 yr before start of study


Level of injury:  3 pts, C4; 7 pts, C5


Completeness of injury:  All pts had complete motor tetraplegia; 4 had complete sensory and 6 had incomplete sensory SCI

Pulmonary status:  Pts not ventilated

Age:  41 (range:  26-51)

Sex:  100% M
Race:  N/S

	Oxandrolone (PO), 20 mg per day for 1 month

Pts also instructed to eat a minimum of 1 g per kg per day of protein during the treatment months
	Pulmonary function tests (mean baseline, post-treatment, and within-pt differences from pre- to post-treatment (1 mo) reported for all tests):

· FVC:  Mean FVC values improved significantly (p < 0.005) from baseline to post-treatment.

Baseline (L)
Post-tx (L) 
Within-pt (L)

2.79 ± 0.95
2.99 ± 1.01
0.196 ± 0.167

· FEV1:  Mean FEV1 values improved significantly (p < 0.005) from baseline to post-treatment.

Baseline (L)
Post-tx (L) 
Within-pt (L)

2.23 ± 0.73
2.36 ± 0.71
0.122 ± 0.970

· Forced inspiratory vital capacity (FIVC):  Mean FIVC values improved significantly (p < 0.05) from baseline to post-treatment.

Baseline (L)
Post-tx (L) 
Within-pt (L)

2.53 ± 0.90
2.71 ± 0.93
0.178 ± 0.187

· Maximal inspiratory pressure (Pimax):  Pimax increased significantly from baseline to post-treatment (p < 0.005).

Baseline (L)
Post-tx (L) 
Within-pt (L)

74 ± 22
81 ± 24
7 ± 5

· Maximal expiratory pressure (Pemax):   Pemax increased significantly from baseline to post-treatment (p < 0.05).

Baseline (L)
Post-tx (L) 
Within-pt (L)

34 ± 29
39 ± 31
5 ± 7

Change in subjective symptoms of resting dyspnea from pre- to post-treatment (dyspnea graded on Borg scale):  Resting dyspnea was significantly reduced from pre- to post-treatment by 37 ± 28%, a half-point reduction on the Borg scale (2.0 ± 2.0 vs. 1.5 ± 2.0, p < 0.05).

Mean weight gain from pre- to post-treatment (1 month):  Mean weight increased significantly from 76.9 ± 18.3 kg at pre-treatment to 78.3 ± 18.9 kg post-treatment (p < 0.05).

Other outcomes reported:
Pulmonary function tests (mean baseline, post-treatment, and within-pt differences from pre- to post-treatment reported for all tests):

· FEV1/FVC

· Forced expiratory flow between 25% and 75% of the FVC (FEF25-75)

· PEFR

Liver function tests
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� See Abbreviations Used in Evidence Tables (preceding these tables) for a list of abbreviations, acronyms, and symbols.


� Internal validity rating (Levels I-V):  I = Large randomized trials with clear-cut results (and low risk of error); II = small randomized trials with uncertain results (and moderate to high risk of error); III = nonrandomized trials with concurrent or contemporaneous controls; IV = nonrandomized trials with historical controls; V = case series with no controls.


3 External validity rating (yes or no for each):  1 = Were the criteria for selection of patients described? 2 = Were patients included in the study adequately characterized with regard to level and completeness of SCI? 3 = Were criteria for outcomes clearly defined (e.g., timing, measurement, reliability)? 4 = Was the clinical care of patients adequately described to be able to reproduce? 5 = Were results given reported according to level of injury (minimum high cervical [C4 or above] versus low cervical [below C4]) or ventilation status (independently breathing versus ventilator-dependent)?
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