	Evidence Table 5.  Airway Management1

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

	Bach and Alba, 1990b


	Design:  Retrospective case series

Quality:

Internal validity

Level V

External validity

1-N

2-N

3-N

4-Y

5-N
	N = 10 spinal-cord-injured pts from a larger grp of 21 pts (11 with neuromuscular myelopathies) on deflated/cuffless TPPV; the 21 pts were selected because they had agreed to allow daytime and overnight oximetry to be performed; all were from a larger group of 104 with inflated/partially inflated cuffs

Neurol. status  


Time since injury:  Mean N/S; range, 1-12 yrs


Level of injury:  N/S, but all defined as “SCI” with high-level quadriplegia


Completeness of injury:  N/S

Pulmonary status:  All pts ventilator-dependent; all using TPPV continuously (day and night), 40% with deflated cuffs, 60% cuffless; all placed on TPPV in same year as injury occurred; range of TPPV use, 1-12 yrs

Age:  N/S
Sex:  N/S
Race:  N/S


	Study of effectiveness of tracheostomy intermittent positive pressure ventilation (TPPV) with deflated cuffs (4/10 or 40%) or cuffless (6/10 or 60%).  Described procedures used to convert pts from inflated to deflated cuff/cuffless ventilation.  Portable volume ventilators were used from time of admission.

TPPV transition procedures

Some pts (n = 10) were immediately converted from TPPV with inflated cuffs to various methods of noninvasive ventilation.  For the others, the following procedures were used:

· Cuffs deflated for short but increasingly longer periods during day

· Volume adjusted so that ventilatory pressures and blood gases during deflated/cuffless periods were equivalent to those during inflated cuff periods

· Delivered volumes adjusted if necessary to compensate for insufflation leak

· Supplemental oxygen used if necessary to maintain pCO2 levels

· Continuous monitoring of finger pulse SaO2 and end-tidal pCO2
· ABGs measured

· Pts trained to use leak across vocal cords to aid in speech

· Smaller tracheostomy tubes inserted if pts needed them for effective speech

Once pts could tolerate deflated cuffs during day, they were converted to using such cuffs overnight.  Full cuff deflation/removal usually took 1-2 wks.
	VC

· Mean VC (% pred.):  22.6% of predicted normal  (n = 10

· No. of pts with VC < 20% of predicted normal:  5/10 (50%)

· No. of pts with VC > 20% but < 50% predicted normal:  5/10 (50%)
Weaning

· No. of pts who were weaned:  1/10 (10%)
Free time off ventilator

· No. of pts/amt of free time:  See table below.

Time free

No. pts (%)


Daytime (not overnight)
5/10 (50%)


≤ 20 min


3/10 (30%)


> 20 but ≤ 60 min

2/10 (20%)

Blood gas measurements:  Investigators reported that “ABGs, daytime SaO2 and endtidal pCO2 were within normal limits for all pts” (p. 679).  See below for more details.

SaO2
· Mean SaO2 (%):  96.9% (range:  94-98)

· Mean low SaO2 (%):  88.3% (range:  73-95)

· % of time that SaO2 was < 90%:  In 8/10 pts (80%), SaO2 was never < 90%; in 2/10 pts (20%), it was < 90% for 2% and 3% of the time, respectively.

Desaturations/hr:  

No. of times per hour that O2 saturation decreased by 4% or more:  Mean, 0.93 (range:  0 to 2.6)



	
	
	
	
	Maximum pCO2
· No. of pts with pCO2 > 47 mm Hg:  1/10 (10%)

· Mean pCO2:  41.2 mm Hg

Other outcomes reported:
VC in supine position (mL)

	Bellamy, Pitts, and Stauffer, 1973


	Design:  Retrospective case series

Quality:

Internal validity

Level V

External validity

1-N

2-Y

3-Y

4-N

5-Y
	N = 54 (of larger grp of 531 pts with cervical spine fractures or dislocations)

Neurol. status  


Time since injury:  N/S


Level of injury:  1 pt, C3; 7 pts, C4; 13 pts, C5; 6 pts, C6; 3 pts, C7 (level of injury only provided for the 30 pts with complete injuries)


Completeness of injury:  Complete, 30/54 pts (56%); incomplete, 24/54 (44%); some injuries originally thought to be complete later proved to have sacral sensory sparing, but were still classified as complete by investigators; all pts described as quadriplegics

Pulmonary status:  N/S

Age:  36 pts < 40 yrs, 18 pts > 40 yrs (range:  3-78)

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


	Retrospective review of 20 yrs of medical charts to determine correlations between tracheostomy, surgery, overhydration, advanced age, severity of neurological injury, and corticosteroid therapy with pulmonary complications.  

Predictors considered:  Nonsurgery, surgery within 1st month after injury, surgery > 1 month after injury, posterior cervical spine surgery, anterior cervical fusion, associated disease or trauma, no associated disease, prior cardiopulmonary disease, advanced age, corticosteroid therapy

Analytic method(s):  N/S


	Pulmonary complications

· No. of complications overall:  64

· No. of complications after tracheostomy:  47

Tracheostomies:

· No. of pts with tracheostomies:  31/54 (57%)

· Timing:  ≤ 3 days, 28/32 cases (87%); > 3 days, 4/32 (12%)

· No. and type of pulmonary complications after tracheostomy: 2 complications out of 33 procedures (6%): 1 instance of minor bleeding, 1 instance of tracheal stenosis following removal of tracheostomy tube

Mortality

· No. of deaths:  43/54 (80%) 

· No. of deaths within the first year:  17/54 (31%)

· Cause of death:  Not clearly specified, except that 1 pt had cardiac arrest caused by tracheal suctioning and of 16 pts autopsied, all died of causes that were “[p]ulmonary in most cases . . . with uniformly edematous and congested lungs” (p. 599).

Predictors of pulmonary complications and death:  Severity of neurological deficit had the most important correlation with pulmonary complications and adverse outcome [death and tracheostomy]; associated trauma, prior cardiopulmonary disease, and advanced age were also correlated with those outcomes (no p-values reported).  

Other outcomes reported:
Pulmonary complications

· No. of cases after tracheostomy

· No. of cases within 14 days of corticosteroid therapy

No. of deaths within 14 days of corticosteroid therapy


	Evidence Table 5.  Airway Management (continued)

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

	Biering-Sørensen and Biering-Sørensen, 1992


	Design:  Case series (retrospective chart review)

Quality:

Internal validity

Level V

External validity

1-Y

2-N

3-N

4-N

5-N
	N = 600 total pts considered, 288 of whom had cervical spinal injuries; most of the analysis focused on the 67 pts who had a tracheostomy performed, 46 of whom had cervical spinal injuries
Neurol. status  


Time since injury:  N/S, though population characterized as “acute spinal cord injured patients”


Level of injury:  Overall, 288/600 pts (48%) had cervical spinal injuries, 200/600 (33%) had thoracic spinal injuries, and 112/600 (19%) had lumbar spinal injuries.  Among tracheostomized pts, 46/67 (69%) had cervical spinal injuries, 18/67 (27%) had thoracic spinal injuries, and 3/67 (4%) had lumbar spinal injuries.


Completeness of injury:  Scored on Frankel scale and reported for latest followup examination.  Cervical pts:  A, 71/288 (25%); B, 48/288 (17%); C, 27/288 (9%); D, 103/288 (36%); E, 39/288 (14%).

Pulmonary status:  N/S

Age:  Information provided only for tracheostomized pts:  Median age at time of injury, 34.4 (range:  5-69)

Sex:  Information provided only for tracheostomized pts:  84% M, 16% F
Race:  N/S

	Tracheostomy

Predictors of mortality (several considered) (tracheostomized pts only):  Age at injury before vs. after followup, neurological level at injury, frequency of thoracic trauma or spinal fractures, cause of injury, Frankel class, periods from injury to tracheostomy and from tracheostomy to decannulation between those who died and those where were still alive at followup 

Analytic method(s):  Fisher’s exact test, Chi square, Mann-Whitney rank-sum tests


	Percentage of pts who had a tracheostomy performed:

· Overall:  67/600 (11%)

· Cervical-injured pts:  46/288 (16%)
· Broken down by Frankel score:  23% (16/71), A; 17% (8/48), B; 26% (7/27), C; 14% (14/103), D; 3% (1/39), E; among pts with cervical-level injuries, tracheostomies were significantly more frequent (p = 0.01) among those with the more severe injuries, based on Frankel classification.

Percentage of tracheostomized pts with cervical-level injuries who also had concomitant thoracic trauma:  9/46 (20%)

Complications of tracheostomy:  Of all pts combined, 3 pts had each of the following early complications of tracheostomy:  bleeding from stoma, pneumothorax, and pneumomediastinum

Mortality (tracheostomized pts only):  20/67 (30%)

Predictors of mortality (several considered) (tracheostomized pts only):  Age at injury before vs. after followup

Cause of death (tracheostomized pts only):  17/67 (25%) died from cardiorespiratory problems:  pneumonia (6); respiratory insufficiency, 4 (1 with chronic bronchitis, 1 who was intubated shortly before death, 1 with cardiac arrhythmia); acute myocardial infarction, 3 (1 who also had aggressive chronic lymphatic leukemia), pulmonary edema, 2 (1 with acute tracheobronchitis & incompensated heart, 1 with “heart stop”); 1 died from septicemia due to a sacral decubitus, but who also had at time of death bilateral bronchopneumonia; 1 died with hyperpyrexia of unknown etiology, but had a decubitus and pulmonary stasis; 1 died 2 days after a cerebral hemorrhage.  Note:  Reported deaths by cause total 18.

Assessed at followup by questionnaire or phone call (n = 43 respondents from among 47 survivors; median time from injury to followup = 10.4 years):

· Percentage of pts reporting “any inconvenience or trouble because of the tracheostomy”:  47% (20/43)

· No. of pts reporting respiratory stenosis problems:  1/43 (2%)

· No. of pts reporting “cosmetic inconvenience”:  12/43 (28%)

· No. of pts reporting tightness relating to scar and/or difficulty swallowing:  10/43 (23%)

Other outcomes reported:
Time from injury to death (tracheostomized pts only)




	Evidence Table 5.  Airway Management (continued)

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

	Meschino, Devitt, Koch et al., 1992


	Design:  Case series (retrospective chart review)

Quality:

Internal validity

Level V

External validity

1-N

2-N

3-Y

4-Y

5-N
	N = 454 (165 in case group = pts who were intubated; 289 controls = pts who were not intubated)
Neurol. status  


Time since injury:  All pts in case group were intubated within 2 months of injury


Level of injury:  All pts had cervical spine injuries “with or without spinal cord injury”; no. of pts with and without spinal cord injury N/S


Completeness of injury:  Severity of injury graded on scale of 1 to 10:  (1) complete motor loss; complete sensory loss; (2) complete motor loss, incomplete sensory loss; (3) incomplete motor useless; complete sensory loss; (4) incomplete motor useless; incomplete sensory loss; (5) incomplete motor useless; normal sensory; (6) incomplete motor useful; complete sensory loss; (7) incomplete motor useful; incomplete sensory loss; (8) incomplete motor useful; normal sensory; (9) normal motor; incomplete sensory loss; (10) normal motor; normal sensory.  Baseline scores of case and control groups N/S.

Pulmonary status:  Pts requiring or receiving intubation under general anesthesia were excluded, as were pts requiring an urgent surgical airway (tracheostomy or cricothyrotomy)

Age:  37.0

Sex:  N/S
Race:  N/S


	Tracheal intubation of conscious, non-sedated patients

Techniques used:  Fiberoptic bronchoscope, oral or nasal (46%); blind nasal tracheal (32%); direct laryngoscopy, oral (22%).  Regional block or local anesthesia used in 83% of cases.

Indications for intubation:  Preparation for administration of surgical general anesthesia (62%); respiratory failure (27%); airway protection (8%); tracheobronchial toilet (3%).


	Proportion of pts demonstrating neurological worsening (defined as a change to a lower grade on the 1-10 scale described at left) between admission and discharge:  Both groups worsened by the same percentage (2%).  There was no significant difference between the 2 grps  (no p-value reported) (95% CI:  ± 0.029).  

Not-intubated grp (n = 289)
7/289 (2%)

Intubated grp (n = 165):
4/165 (2%)

No. of cases in which pulmonary aspiration of gastric contents was a complication of intubation:  None




	Evidence Table 5.  Airway Management (continued)

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

	Watt and Devine, 1995

and 

Watt and Fraser, 1994

	Design:  Prospective single subject design clinical trial

Quality:

Internal validity

Level III

External validity

1-Y

2-N

3-Y

4-Y

5-N
	N = 12 (see “Note” at right)

Neurol. status  


Time since injury:  N/S, but all pts “chronic”


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


Completeness of injury:  N/S

Pulmonary status:  All pts had stable pulmonary function and epithelialized tracheostomies; all ventilator-dependent

Age:  N/S

Sex:  N/S
Race:  N/S

	Prospective study to measure the effect of dead space of 3 mL/kg in conjunction with mechanical hyperventilation in the presence of a insufflation leak to lessen daytime hypocapnia.  

Cuffless tracheostomy tubes were inserted in all pts and attached to pressure-limiting ventilators (PLVs) delivering intermittent positive pressure ventilation without pressure support.  Tube size was chosen to allow enough insufflation leak for speech.  A dead space of 3 mL/kg was created.  Transcutaneous blood gas  recordings were made for 4 periods of 120 min each when pts were awake and asleep, with and without dead space.  When possible, recordings were made sequentially, beginning with the sleep study without, and then with, the dead space during the night.


	Investigators found that adding dead space (3 mL/mg) can reduce hypocapnea during waking and sleeping related to variable insufflation leak around cuffless tracheostomy tubes.

Note:  Results for 1 pt were excluded from all analyses because of problems with his/her monitor calibration procedure.

Mean arterial pCO2  for pts (n = 11) when awake and asleep, with and without dead space:  There was a small, but statistically significant, increase in pCO2 values with the use of dead space in both waking and sleeping patients (p < 0.01 and p = 0.05, respectively).  There was a small but statistically insignificant increase in the comparison between waking vs. sleeping both with and without the dead space (p > 0.05, both cases).


No dead space 
Dead space


 (kPa) (SD)
 (kPa) (SD)
p-value
pCO2
Awake
2.95 (0.68)
3.39 (0.81)
< 0.01

Asleep
3.21 (0.56)
3.79 (0.71)
= 0.05

p-value
      n.s.

      n.s.

Mean arterial pO2  for pts (n = 11) when awake and asleep, with and without dead space (mean value, in kilopascals, is followed by SD in parentheses in the table below):  There were no significant differences between pO2 values resulting from the use of dead space in either waking or sleeping pts (p > 0.05, both cases).  There was a significant difference between waking and sleeping pts without using dead space (p < 0.05), but not with the use of dead space (p > 0.05).


No dead space 
Dead space


 (kPa) (SD)
 (kPa) (SD)
p-value
pO2
Awake
14.47 (1.89)
14.7 (2.44)
   n.s.

Asleep
12.99 (2.75)
13.59 (2.57)
   n.s.

p-value
   p < 0.05
    n.s.

Other outcomes reported:   None
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(continued)





(continued)








� 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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