	Evidence Table 2.  Clinical Monitoring and Diagnostic Procedures


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

	PULMONARY FUNCTION MEASURES (PFTs)

	Ashba, Garshick, Tun et al., 1993
	Design:  Prospective single-subject design study 

Quality:

Internal validity

N/A

External validity

1-Y

2-Y

3-Y

4-Y

5-N/A
	N = 12 (see “Note,” below)

Neurol. Status  


Time since injury:  N/S


Level of injury:  C6-C8 


Completeness of injury:  Complete

Pulmonary status:  N/S

Age:  N/S

Sex:  100% M
Race:  N/S

	Comparison of subjects’ ability to meet the ATS spirometry criteria for acceptability and reproducibility of FVC and FEV1 tests vs. their ability to meet 2 sets of requirements that were less stringent (see “Modifications 1 and 2” below).  Data obtained by questionnaire regarding respiratory symptoms (chronic cough, chronic phlegm, persistent wheeze, any wheeze).  Subjects also performed pulmonary function tests (described after definitions below).

Acceptability definitions

1. ATS–Must obtain ( 3 acceptable efforts for FVC, with “acceptable effort” defined as “minimum exhalation time of 6 sec; must appear maximal to the technician; and must be free of nasal or mouth leaks, cough, or other problems (e.g., glottis closures).”

2. Modification No. 1–Criteria less stringent than those of ATS were used for acceptability, whereby the no. of acceptable efforts was limited to a minimum of 2, and EBEV (extrapolated back expiratory volume) was allowed if the efforts appeared maximal.

3. Modification No. 2–Includes efforts acceptable using ATS criteria, but efforts with EBEV and/or exhalation times of < 6 sec (but with a plateau of ( 0.5 sec) were allowed if these were the only reasons for unacceptable efforts and the effort appeared maximal.

Reproducibility definition

ATS–The 2 best FVCs and the 2 best FEV1’s must be within 5% or 100 cc, whichever is greater.  

Definition of back extrapolated volume

ATS–Must be less than 5% or within 100 cc of FVC.  Otherwise it is considered an “excessive back exhalation” or false start, causing an overestimation of FEV1 using this method.

Pulmonary function tests:

· Baseline total lung capacity (TLC) and its subdivisions (including FEV1)

· Minimum of 2 forced vital capacity (FVC) trials performed.  The technician determined whether the efforts were acceptable by observing the subject and the volume-time displays of each FVC maneuver.  If the 2 FVCs or the 2 FEV1’s were not reproducible (within 5% or 100 cc of each other), additional trials were performed until the subject achieved reproducibility or appeared tired.


	No. of subjects achieving 2 or more acceptable efforts at performing PFT test using 3 sets of criteria (defined at left):

1. ATS:

8/12 (67%)

2. Modification No. 1:
11/12 (92%)

3. Modification No. 2
11/12 (92%)

No. of subjects achieving 2 or more reproducible efforts at performing PFT tests (FVC and FEV1) using 3 sets of criteria (defined at left):

1. ATS:


FVC
7/12 (58%)

FEV1
6/12 (50%)

2. Modification No. 1:

FVC
10/12 (83%)

FEV1
9/12 (75%)

3. Modification No. 2 

FVC
10/12 (83%)

FEV1
9/12 (75%)

Correlations between age, level of injury, respiratory symptoms, and muscle fatigue and acceptability and reproducibility:  Investigators reported that “among individuals with complete SCI [n = 39], spirometry acceptability and FEV1 reproducibility decreased with higher levels of injury . . . .” 

(p. 202)  Age, respiratory symptoms, and muscle fatigue were not found to correlate with acceptability and reproducibility.

Note:  The 12 pts were the cervical-injured subset of a larger grp of 78 subjects, 39 with complete, 39 with incomplete injuries.  Of the 78, 26 were in-hospital, while 52 were solicited by mail.




	Evidence Table 2.  Clinical Monitoring and Diagnostic Procedures (continued)

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

	RADIOGRAPHY

	Bain, Bodley, Jamous et al., 1995
	Design: Prospective diagnostic test study

Quality:

Internal validity

N/A

External validity

1-Y

2-N

3-Y

4-N/A

5-N
	N = 60
Neurol. status  


Time since injury:  Investigations “mostly” performed within 2 wks of injury


Level of injury:  31 pts had cervical injuries, 29 thoracic or thoraco-lumbar; no further information provided


Completeness of injury:  45 pts had “complete” lesions, 15 “incomplete”; no further information provided

Pulmonary status:  N/S

Age:  Mode, 22 (range:  17-66)

Sex:  83% M, 17% F
Race:  N/S

	Chest radiograph (X-ray) vs. computerized tomography (CT)

Study assessed the relative accuracy of the chest X-ray and CT in assessing lung changes in pts with acute spinal injuries, using CT as gold standard

X-ray taken with pt in supine position and assessed blindly, on two separate occasions, by both a physician and a radiologist; correlated with CT findings each time.  Any abnormalities observed on X-ray classified as:

· Small effusion – apical cap only or < 2 mm lateral fluid thickness

· Medium effusion – apical cap and/or 2-7 mm lateral fluid thickness

· Large effusion – apical cap and/or > 7 mm lateral fluid thickness

CT scans taken through the fracture level and at three additional levels (level of the right hemidiaphragm, 5 cm above this level, and through the arch of the aorta).  Any abnormalities observed classified as:

· Small effusion – < 5 mm fluid thickness

· Medium effusion – fluid level up to the level of the posterior longitudinal ligament (PLL)

· Large effusion – fluid level above the level of the PLL
	No. of pts for whom chest X-ray diagnosis was normal:  19/60 (32%)

No. of pts for whom CT diagnosis was normal:  12/60 (20%)

Agreement of interpretation between chest X-ray and CT (using results of second viewing)

· No. of cases in which X-ray and CT results agreed precisely (including on the degree of abnormality, if any):  12/60 (20%)

· No. of cases in which X-ray underestimated the changes demonstrated on CT:  35/60 (58%)

· No. of cases in which X-ray overestimated the changes demonstrated on CT:  13/60 (22%)

No. of pts with cervical-level injuries and no chest trauma who nonetheless showed lung changes on CT:  13/20 (65%)

No. of pts with thoracic injuries who had no significant lung changes on CT:  2/29 (7%)




	Evidence Table 2.  Clinical Monitoring and Diagnostic Procedures (continued)

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

	Hsu, Dreisbach, Charlifue et al., 1987


	Design:  Retrospective case series

Quality:

Internal validity

Level V

External validity

1-N

2-Y

3-N

4-Y

5-N
	N = 47
Neurol. status  


Time since injury:  N/S


Level of injury:  13% C2, 19% C3, 19% C4, 17% C5, 13% C6, 9% C7; 4% T4, 2% T5, 2% T6, 2% T7


Completeness of injury:  Complete, 43/47 (91%); incomplete, 4/47 (9%)

Pulmonary status:  All pts had glottic and/or tracheal stenosis

Age:  31 yrs (range:  15-62)

Sex:  81% M, 19% F
Race:  N/S


	Retrospective review of medical charts to (1) identify pulmonary complications of stenosis and (2) compare tomography with CT scan for effectiveness in grading severity of stenosis (with both being compared against endoscopy).

Severity of stenosis was graded according to the following scale:

· Grade I – Mild 
< 20% stenosis

· Grade II – Moderate 20% to < 50% stenosis

· Grade III – Severe 
50% to < 80% stenosis

· Grade IV – Inability


to pass endoscope or


complete airway 


obstruction

> 80% stenosis

Interventions included the following:

· Endoscopy with excision and/or dilation

· Types of endoscopy included indirect laryngoscopy

· Direct fiber optic laryngoscopy or bronchoscopy

· Intra-operative rigid laryngoscopy or bronchoscopy

· General medical management, including

· Improving hydration

· Correcting any underlying respiratory disease

· Using antibiotic therapy

· Correcting anemia

· Providing nutritional support

· Steroids (oral or local injections)

· Radiation therapy

· Intubation

· Stent insertion

· Surgical repair of stenotic area


	Stenosis

· No. of pts with only glottic stenosis:  10/47 (21%)

· No. of pts with only tracheal stenosis :  19/47 (40%)

· No. of pts with both glottic and tracheal stenosis:  18/47 (38%)

· Location of stenosis and severity grade (see column at left for stenosis severity grading scale):  See table below for no. of pts with glottic/tracheal stenoses and the severity grade of each occurrence.  Some pts had both glottic and tracheal stenoses.


Stenosis Severity Grade


I

II
III
IV        Tot.

Glottic
13
5
7
3
28

Tracheal
10
12
7
8
37

Comparison of CT scan with tomography in grading stenosis severity:  Investigators reported that “[r]adiographic correlation with the endoscopic examination indicated the CT scan was superior to tomography in grading severity of stenosis” (p. 139).  See table below.


Agree
1 Grade Variation
Tomogram

  Glottic


33%

50%

  Tracheal

67%

25%

CT

  Glottic


69%

25%

  Tracheal

73%

18%

Endoscopic treatment – Comparison of no. of dilations to stenosis severity:  Endoscopic treatment was “successful for most of the patients with grade I or II stenosis following 1 or 2 dilations.  However, patients with grade III or IV stenosis required multiple dilations to maintain an adequate airway” (p. 142).  See table below; stenosis severity grading scale is provided in column at left.  



Stenosis Severity Grade

# dilations
I
II
III
IV


  1

12
7
2
0


  2

  3
3
2
1


3-5

  0
0
2
3


> 5

  0
0
0
4

Pulmonary complications

· No. of incidents of pneumonia:  31

· No. of incidents of atelectasis:  30

· No. of incidents of tracheobronchitis:  6

Investigators reported that “pneumonia and atelectasis were detected in more than 2/3 of the pts” (p. 138).

Intubation/tracheostomy

· No. of pts permanently intubated:  15/47 (32%)

· No. of pts who were intubated because of unresolved stenosis:  8/47 (17%)

· No. of pts with permanent tracheotomy tubes at end of study:  15/47 (32%)

· No. of pts requiring endotracheal intubation (av. of 11.2 days):  36/47 (77%) 

· No. of pts requiring temporary tracheostomy (av. of 174.3 days):  29/47 (62%) 

· No. of pts needing full- or part-time ventilatory support via tracheostomy:  7/47 (15%)

· No. of pts eventually extubated:  29/47 (62%)

Secretions

· No. of pts. with excessive secretions as presenting symptom:  10/47 (21%)

· No. of pts with moderate to copious secretions who required frequent suctioning:  28/47 (60%)




	Evidence Table 2.  Clinical Monitoring and Diagnostic Procedures (continued)

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

	Roth, Lu, Primack et al., 1997

The 52 pts described in this article are the same as those described in

Roth, Nussbaum, Berkowitz et al., 1995


	Design:  Diagnostic test study
Quality:

Internal validity

N/A

External validity

1-Y

2-Y

3-Y

4-N

5-Y
	N = 52 (44 with cervical injuries [C4-C8], 8 with thoracic injuries [T1-T6]) 

Neurol. status  


Time since injury:  mean, 77 days (between injury and PTF testing); ( 6 mos for all


Level of injury:  13% C4, 15% C5, 35% C6, 19% C7, 2% C8, 10% T1, 6% T2-T6


Completeness of injury:   Complete motor traumatic cervical or thoracic injuries (per ASIA criteria); 81% also had complete sensory injuries

Pulmonary status:  All pts had “full, spontaneous ventilation.”  None had open tracheostomies or acute pneumonia at time of testing (though 42% had required tracheostomies and 40% had had pneumonia before enrolling in study)

Age:  Mean 30 (range:  16-60)

Sex:  79% M, 21% F
Race:  N/S


	Medical records reviewed and pts interviewed to obtain clinical information.  Pts then given neurological examination and pulmonary function tests (PFTs).  PFTs performed ( 5 days after neurological examination.  

Neurological examination (performed by 1 of 3 trained examiners):

1.  Assessed directly–

· Completeness of sensory injury

· Limb muscle strength 

· Limb muscle tone (measured by Ashworth tone rating scale, used to rate severity of spasticity)

2.  Assessed indirectly–
· Chest wall muscle strength (assumed to be related to injury level)

· Chest wall muscle tone (estimated by tone in the limbs)

For PFTs, pts were seated upright.  Three trials of PFTs performed, with maximum results of the 3 attempts being recorded.

PFTs performed:

· Vital capacity (VC)

· Forced expiratory volume in 1 sec (FEV1)

· FEV1/VC ratio

· Inspiratory capacity

· Expiratory reserve volume

· Total lung capacity (TLC)

· Functional residual capacity

· Residual volume (RV)

· RV/TLC ratio
	Correlation between level of injury and PFTs:  Level of injury was found to be significantly correlated with ERV (and % pred. ERV), RV/TLC, and negative inspiratory pressure; it was not significantly correlated with VC, FEV1, FEV1/VC, IC, TLC, FRC, RV, or PEP.  

Correlation between muscle tone ratings and PFTs:  Significant correlations were found between tone ratings and negative inspiratory pressure, but not between tone ratings and any of the other PFTs.  Investigators surmised that “muscle strength may be a more important factor than muscle tone in determining pulmonary function in spinal cord-injured patients and that both strength and tone are closely related to negative inspiratory pressure” (p. 262).

Correlation between level of injury and VC (and % pred. VC) (Spearman’s correlation analysis):  There were no significant correlations between level of injury and VC or % pred. VC.


C4
C5
C6
C7


(n = 7)
(n = 8)
(n = 18)
(n = 10)
VC (L)
1.6
1.8
2.0
2.0

% pred.

VC
35
39
39
45

Correlation between level of injury and FEV1 (and % pred. FEV1) (Spearman’s correlation analysis):  There were no significant correlations between level of injury and FEV1 or % pred. FEV1.


C4
C5
C6
C7


(n = 7)
(n = 8)
(n = 18)
(n = 10)
FEV1 (L)
1.5
1.7
1.7
1.8

% pred.

FEV1
39
43
42
48

Correlation between negative inspiratory pressure and ERV, % pred. ERV, RV/TLC, and PEP (linear regression analysis):  There were significant correlations between negative inspiratory pressure and all 4 of the measurements below.


R2

P-value
ERV

0.13

0.02

% pred. ERV
0.14

0.02

RV/TLC

0.09

0.06

PEP

0.19

< 0.01

Other outcomes reported:
Correlation between negative inspiratory pressure and other PFTs (not listed above)


Correlation between limb muscle strength and PFTs

Correlation between Ashworth scale tone ratings (of limb muscle tone) and PFTs

Correlation between Ashworth scale tone ratings and level of injury

No. of pts with each Ashworth scale tone ratings of 1, 2, 3, or 4

Correlation between VC and 9 other PFTs (from 1995 study)




	Evidence Table 2.  Clinical Monitoring and Diagnostic Procedures (continued)

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

	Ryan, Klein, and Bongard, 1993
	Design:  Retrospective case series

Quality:

Internal validity

Level V

External validity

1-N

2-N

3-N

4-N

5-N
	N = 13 (the cervical-injured pts of a larger group of 24, 10 with thoracic, 1 with lumbar injuries)

Neurol. status  


Time since injury:  N/S, but study covered a 9-yr period


Level of injury:  C2-C7


Completeness of injury:  N/S

Pulmonary status:  N/S

Age:  35 (range:  19-76) (all pts)

Sex:  96% M, 4% F (all pts)
Race:  N/S

	Retrospective chart review to determine prevalence of injuries associated with SCI that had been overlooked at admission. 
	No. of pts with overlooked injuries:  6/13 (46%)

· No. with pulmonary injuries:  3/6 (50%)

· No. with spinal injuries:  3/6 (50%)

No. and types of injuries:

· Pulmonary:  2 pneumothorax, 

1 paralyzed hemidiaphragm (1 injury per pt)

· Spinal:  1 C4 fracture, 1 C5-C6 fracture, 1 C5-C6 subluxation 

(1 injury per pt)

Length of time to identify overlooked injuries:  2 days for 3/3 (100%) pulmonary injuries; 5/6 (83%) of all overlooked injuries; the 6th injury (C5-C6 subluxation) was detected 30 days after injury when the patient re-presented with clonus after discharge.  Investigators reported that “in this case, the spinal injury was the missed injury” (p. 372).

Other outcomes reported: 

Mortality

Average Glasgow Coma Scale score

Mean Revised Trauma Scores

Length of hospital stay

Need for surgery


	Evidence Table 2.  Clinical Monitoring and Diagnostic Procedures (continued)

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

	Scher, 1982


	Design:  Retrospective case series

Quality:

Internal validity

Level V

External validity

1-N

2-N

3-N

4-N

5-N
	N = 50
Neurol. status  


Time since injury:  N/S, but all pts had acute injuries


Level of injury:  N/S, but all pts had tetraplegia


Completeness of injury:  60% complete, 40% incomplete

Pulmonary status:  N/S

Age:  N/S

Sex:  N/S
Race:  N/S


	Retrospective survey to determine no. of pulmonary lesions (not defined) that could be ascertained by chest radiography.  


	Pulmonary complications

· No. (and %) of pts who had chest lesions ascertainable by chest radiography:

· All pts – 14/50 (28%)
· With complete injuries – 12/30 (40%)

· With incomplete injuries – 2/20 (10%)

Mortality

· No. (and %) of pts who died:  

· All pts – 7/50 (14%)
· With complete injuries – 6/30 (20%)

· With incomplete injuries – 1/20 (5%)




	Evidence Table 2.  Clinical Monitoring and Diagnostic Procedures (continued)

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

	SWALLOWING STUDY

	Kirshblum, Johnston, Brown et al, 1999


	Design:  Retrospective case-control diagnostic test study

Quality:

Internal validity

Level V

External validity

1-Y

2-Y

3-Y

4-Y

5-Y
	N = 187 screened; 42 verified between Jan 1994 and Dec 1997
Neurol. Status  


Time since injury:  N/S, but all pts had acute injuries


Level of injury:  

Motor level: 

C2 and above  5.4%

C3                    9.1%

C4                  13.9%

C5                  44.9%

C6                  17.1%

C7 and below  9.6%


Completeness of injury:  

38% complete

Pulmonary status:  35/187 required ventilatory support

Age:  44.3; range 15-86  

Sex:  156/187 83.4% men

Race:  N/S


	Study sought to determine incidence of dysphagia and the positive predictive value of a positive screen for dysphagia.

All patients underwent a bedside swallowing evaluation at admission to rehabilitation hospital (test of oral-motor strength, range of motion of the tongue and lips, ability to swallow on command, a dry swallow, trial swallow with solids and liquids, and/or a swallow with adjusting of the position of the head as tolerated).  

Patients with a positive screen (delay in initiation of the swallow, wet voice quality, frank coughing) (n=42) underwent a videofluoroscopic swallowing study (VFSS).  VFSS was considered positive if it demonstrated poor pharyngeal stripping action, sluggish or inefficient opening of the cricopharyngeus, excessive pooling in the piriform sinus, delayed laryngeal elevation, or frank penetration or aspiration.
Multiple logistic regression was used to identify possible predictors of dysphagia.

Possible antecedents of dysphagia were recorded from the medical record including previous history of spine surgery, surgical approach and technique, tracheostomy and ventilator status, neurologic level of injury, ASIA impairment classification, orthosis, etiology of injury, age, and gender.


	Proportion of patients with symptoms of dysphagia on screening at admission: 22.5% (42/187)

Proportion of patients with dysphagia confirmed by VFSS:  73.8% (31/42)

Significant independent predictors of risk for dysphagia: 

Tracheostomy with mechanical ventilation (p < .001)

Spinal surgery by anterior cervical approach (p < .016) 

Older age (p < .028)

Other variables analyzed had no significant association with dysphagia. 

The combination of tracheostomy at rehabilitation admission and anterior surgical approach had an extremely high rate of dysphagia (48%).
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(continued)








� 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.


� 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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