Evidence Table 4.  Secretion Management

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

	ROTATING BEDS

	Borkowski, 1989


	Design:  Retrospective historical cohort comparison

Quality:

Internal validity

Level IV

External validity

1-Y

2-Y

3-Y

4-Y

5-N
	N = 22

Neurol. status  


Time since injury:  N/S, but all pts treated in a neurosurgical ICU (acute)


Level of injury:  13/22 pts (59%), cervical (6 pts of whom were C5-C6; also, 6 and 7 pts with cervical injuries were in the KTT and WTD groups, respectively); 9/22 pts (41%), thoracic


Completeness of injury:  Complete transection of cord

Pulmonary status:  1 pt had pneumothorax, 2 had pulmonary contusions

Age:  Mean N/S (range:  16-79)

Sex:  68% M, 32% F
Race:  N/S


	Retrospective survey of medical charts

to compare the incidence of pulmonary complications and length of stay in an intensive care unit (ICU) between 2 groups of pts, those using a kinetic treatment table (KTT) and those using a wedge turning device (WTD).  The WTD was used prior to October 1984; the KTT was used after that date.

The KTT is an intensive care bed which allows immobilization of the pt and also places him/her in perpetual motion with a turning frequency of > 200 times per day.  Bed construction also allows access to all areas of the body so that therapists can perform necessary care and treatment.

The WTD (Stryker or Foster frame) is the traditionally used immobilization device, a device enabling 1 person to turn a pt without lifting him/her.

2 grps compared:

· KTT-treated pts (n = 11)

· WTD-treated pts (n = 11)


	Cervical-injured pts

No. of pts requiring endotracheal intubation (pts with cervical spine injuries):  9/12 (75%)

No. of pts requiring subsequent tracheostomies (pts with cervical fractures):  6/12 (50%) 
No. of deaths:  2/11 (18.2%) of WTD-treated pts died (1 of whom had a cervical-level injury; cause N/S); none of the 11 KTT-treated pts died
All pts

No. of pts requiring endotracheal intubation (combined pts):  15/22 (68.2%).  A greater number of pts in the WTD grp (8/11 [72.7%]) were given this procedure than pts in the KTT grp (7/11 [63.6%]).

No. of pts requiring tracheostomies:  45% of pts treated with WTD required tracheostomies vs. 27% in the KTT grp (no p-value reported). 

Incidence of pulmonary infection:  The KTT grp had a lower incidence of pulmonary infections than did pts in the WTD grp (p < 0.05).

Time on mechanical ventilation:  KTT grp required less time on mechanical ventilation than did pts in the WTD grp (p < 0.05).

Length of ICU stay:  There were no significant differences between the 2 grps for this outcome (no p-value reported).

Length of hospitalization:  There were no significant differences between the 2 grps for this outcome (no p-value reported).




	Evidence Table 4.  Secretion Management (continued)

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

	Green, Green, and Klose, 1980


	Design:  Retrospective case series
Quality:

Internal validity

Level V

External validity

1-N

2-N

3-Y

4-Y

5-N
	N = 105

Neurol. status  


Time since injury:  Acute


Level of injury:  N/S, but see “completeness of injury”

Completeness of injury:  90%, quadriplegics; 10%, paraplegics

Pulmonary status:  N/S, except that some pts had pre-existing respiratory complications

Age:  Mean N/S (range:  6-82, with “few patients at either extreme”)

Sex:  “Most” males (no. N/S)
Race:  N/S


	Kinetic bed:  Retrospective review, over a 42-month period, of pts who were placed on a Roto-Rest Mark I bed.  This bed allows immobilization of the pt and also places him/her in perpetual motion with a turning frequency of > 200 times per day.  Bed construction also allows access to all areas of the body so that therapists can perform necessary care and treatment.  Length of bed use ranged from “a few hrs in pts who died shortly after admission to several yrs in the cases of a few high cervical injured quadriplegics.”


	No. of pts developing respiratory complications:  2/105 (2%) developed pneumonitis or atelectasis

Investigators reported that the kinetic bed led to “diminishing stasis of respiratory secretions” and “was shown to be of particular benefit to pts with significant pulmonary shunts.”  There also were few cases of thrombophlebitis or pulmonary embolus.  

Mortality

· No. (and cause) of deaths:  7/105 (7%) pts, all quadriplegics with severe multiple injuries, died from cardiopulmonary complications  

· Time from admission to death:  Within 1 wk following admission, 5/105 (5%); > 6 mos after admission, 2/105 (2%); all 7 were quadriplegics




	Evidence Table 4.  Secretion Management (continued)

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

	Lemons and Wagner, 1994
	Design:  Historical cohort comparison

Quality:

Internal validity

Level IV

External validity

1-Y

2-Y

3-Y

4-Y

5-N/A
	N = 63 (see “Note” on next page)

Neurol. status  


Time since injury:  All pts had acute injuries.  Though time since injury was not specified, 30 pts with complete and 33 pts with incomplete injuries spent 30 and 9 days, respectively, in ICU.  Records also studied beyond acute phase (study dates:  June 1986 through May 1990).


Level of injury:  63% C4-C5, 37% C6-T1.  Lowest functioning spinal cord segment was recorded.  


Completeness of injury:  48%  complete, 52% incomplete.  Of pts with incomplete injuries 11/33 (33%) were diagnosed with central cord injuries 4/33 (12%) with Brown-Sequard myelopathies, and 4/33 (12%) with anterior spinal cord syndromes.  

Pulmonary status:  39/63 pts (62%) developed respiratory complications during hospitalization immediately after their accident.  31/63 of these pts (49%) required mechanical ventilation.

Age:  32 (range:  14-93)

Sex:  N/S
Race:  N/S


	Respiratory care protocol (including immobilization procedures) described in 2 parts:

1. June 1986 to June 1987(Standardized respiratory protocol

2. July 1987 through May 1990(Use of rotating bed and chest physical therapy added to standard respiratory protocol

Standardized respiratory protocol (consisted of the following, as appropriate):

· Intubation

· Mechanical ventilation

· Fiberoptic bronchoscopy 

· Antibiotics

· Tracheostomy

· Supplemental humidified oxygen

· Tracheal/bronchial suctioning

· Serial spirometry

· Intermittent positive pressure breathing

· Manually assisted cough

· Bronchodilators and expectorants

· Respiratory therapist assessment

· Deep venous thrombosis prophylaxis

· Ventilatory weaning

· Extubation

The above respiratory protocol also included immobilization of cervical injuries by 

· Cervical traction

· Cervical orthosis, or

· Surgery

Therapies added after June 1987:

· Rotating bed, with pt in cervical traction until fracture was stabilized

· Chest physical therapy, with pt in prone position, after fracture was stabilized

Pts were also mobilized after fracture was stabilized.

Predictors considered:  Age, preexisting cardiac or pulmonary disease, significant accompanying cranial or thoracoabdominal injuries, level of injury, completeness of injury, return of lower extremity deep tendon reflexes

Analytic method(s):  Nonparametric tests:  Fisher exact test, Mann-Whitney U test, rank analysis of covariance


Note:  Results for 2 additional pts were excluded from analysis because they suffered high cervical myelopathy with no significant return of diaphragmatic function.


	Comparison of early (n = 13) vs. late periods (n = 50) (standardized protocol vs. rotating bed and chest percussion  therapy) for

· Incidence of pneumonia:  Pts treated with rotating bed and chest percussion therapy (later period) had somewhat fewer episodes of pneumonia than pts not receiving those therapies (early period)

 (p = 0.043).

· No. of days in ICU:  Pts treated with rotating bed and chest percussion therapy (later period) had somewhat fewer days in the ICU than pts not receiving those therapies (early period) (p = 0.032).

· Incidence and duration of respiratory insufficiency:  There were no significant differences in the incidence or duration of respiratory insufficiency in pts managed in the early vs. the late periods (p > 0.50).
Respiratory complications

· No. (and %) of pts developing respiratory complications during hospitalization immediately after injury:  39/63 (62%)

· No. of pts with complete myelopathy developing respiratory complications:  28/30 (93%)

· No. pts with incomplete myelopathy developing respiratory complications:  11/33 (33%)

No. of pts who required readmission to hospital after acute hospitalization:  3/63 (5%)

No. of deaths (and causes) during acute hospitalization:  3/63 (5%) pts died from respiratory complications.

Frequency of respiratory complications:

· No. of cases of
· Respiratory insufficiency requiring MV:  31/95 (33%)

· Pneumonia treated with a full course of antibiotics:  34/95 (36%)

· Lobar atelectasis requiring therapeutic bronchoscopy:  28/95 (29%)

· Pulmonary embolism:  2/95 (2%)

· No. of respiratory complications occurring during acute hospitalization:  95 cases

Predictors of frequency or severity (estimated by no. of days on MV and no. of days in ICU for pulmonary-related problems) of respiratory complications: 

Overall

· Greater severity of injury (p ( 0.004)

In pts with complete injuries

· Comorbid medical disease (p = 0.11)

In pts with incomplete injuries

· Areflexia at 24 hrs post-injury (p < 0.05)

· Less distal neural function (p < 0.05)

· Comorbid cardiopulmonary disease (p < 0.05)

· Associated major injuries (p < 0.05)

Correlation between level of injury and incidence or severity of respiratory complications:  Level of injury failed to correlate significantly with incidence or severity of respiratory complications (p > 0.12).

Other outcomes reported:
Severity of respiratory complications:

· No. of days in ICU

· No. of days on mechanical ventilation




	Evidence Table 4.  Secretion Management (continued)

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

	ASSISTED COUGH


	Jaeger, Turba, Yarkony et al., 1993

Possible overlap with

Wang, Jaeger, Yarkony et al., 1997


	Design:  Prospective single-subject design clinical trial

Reports preliminary results

Quality:

Internal validity

Level V

External validity

1-N

2-Y

3-Y

4-Y

5-Y
	N = 24 (see “Note” at right)

Neurol. status  


Time since injury:  Mean, 20 mos (range:  1-86 mos); 14/24 pts (58%) < 1 yr; population described as “both inpatients and outpatients”


Level of injury:  8% C4, 33% C5, 42% C6, 17% C7


Completeness of injury:  Frankel  grades:  A, 13/24 pts (54%); B, 8/24 (33%); C, 2/24 (8%); D, 1/24 (4%) 

Pulmonary status:  N/S, though all pts described as “tetraplegic”

Age:  35 (range:  22-68)

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

	Compared effectiveness of 3 types of coughs for increasing peak expiratory flow rates (PEFRs) in a single group of pts:

· Voluntary (with no assistance)

· Manual assistance

· Electrical stimulation of abdominal muscles  

The 3 types of cough were alternately measured (i.e., voluntary, manual assistance, electrical stimulation) for 5 repetitions each (15 measurements/pt).  From 30 secs to 1 min of rest were given between coughs, depending on pt’s ability and comfort level.  Measurements were taken with pts lying in a flat bed.  


	Note:  For some outcomes, data from only 14/24 pts (58%) were included in the analyses.  Data from 10/24 pts (42%) were excluded from analysis because 5 pts were unable to tolerate the electrical stimulation and 5  were unable to obtain sufficiently strong muscle contractions from electrical stimulation.

Mean PEFRs of

· Pts who responded to electrical stimulation 

(n = 14) (normalized with respect to voluntary PEFRs, unnormalized):

Unnormalized:
Voluntary:
203 (52) (SD)



Manual:

238 (67)



Electrical:
230 (64)

Normalized:  
Voluntary:
1.0 



Manual:

1.15 



Electrical:
1.08

ANOVA of the normalized data provided F = 15.31, p < 0.0001, indicating that there was a significant difference among the PEFRs (coughs) produced by the 3 grps.  Investigators reported that “[b]oth manually assisted and electrically stimulated coughs had higher peak flow rates than volitional coughs.  The manually assisted coughs had higher peak flows than the electrically stimulated coughs.” (p. 1360)

Response to electrical stimulation:

· No. of pts able to tolerate it:  19/24 (79%)

· No. of pts with inadequate response:  5/24 (21%)




	Evidence Table 4.  Secretion Management (continued)

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

	Kirby, Barnerias, and Siebens, 1966


	Design:  Prospective single subject design clinical trial

Quality:

Internal validity

Level V

External validity

1-N

2-Y

3-Y

4-Y

5-Y
	N = 10

Neurol. status  


Time since injury:  N/S


Level of injury:  C5 20%, C6 80%


Completeness of injury:  N/S, but all had quadriparesis and paralysis of intercostal and abdominal muscles 

Pulmonary status:  No pts had roentgenographic evidence of parenchymal abnormalities or obstructive pulmonary disease; 1 pt had impaired diaphragmatic function with intact laryngeal and pharyngeal musculature

Age:  23 (range:  16-31)

Sex:  80% M, 20% F
Race:  N/S

	Prospective study of various types of assisted coughing techniques.

Experimental conditions:

· Unassisted cough, with corset

· Manual assistance, no corset (given by 2 persons)

· Oral positive pressure, no corset

· Oral positive pressure, with corset

· Oral positive pressure, manual assistance, no corset

Control condition:  Unassisted cough, no corset

Room air at pressures ≤ 50 cm of water were delivered continuously through a mouthpiece by a positive-pressure pump.  A thoraco-abdominal corset was applied or removed as needed.  Coughs of all pts were measured in the supine position; coughs of 8/10 pts (80%) were measured with pt upright in wheelchair.  

Pt was instructed to cough as forcefully as possible in 1 sustained expiration.  With nose sealed with a nose clip, pt breathed through a 3-way valve with a tap to the spirometer.  Valve was turned to spirometer to measure cough performance.  When positive pressure was being administered, pt inflated lungs maximally, closed the glottis, exchanged the mouthpiece of the pump for the mouthpiece of the spirometer, and then coughed.  Volume and flow were recorded after each series of coughing under a given circumstance.  Pts coughed from 3-8 times for each circumstance.  


	Investigators reported finding that “cough is not affected by a corset, but is affected by manual compression and insufflation by positive pressure.  Optimal cough resulted from combining positive pressure insufflation with manual assistance; cough volume and flow were normal in a number of patients under these circumstances.  Cough was comparable in the sitting and supine positions and was improved after insufflation with positive pressure” (p. 710).  Results were not directly compared (no p-values reported).
Coughs measured in supine position (n = 10)

Maximum flow compared with  “unassisted cough, no corset” condition [3.9 L/sec, 100%]):

Unassisted cough, with corset:  107% 

Manual assistance, no corset:  133%

Oral positive pressure, no corset:  137%

Oral positive pressure, with corset:  145%

Oral positive pressure, manual assistance, no corset:  178% 

No. of pts who improved maximum flow compared with “unassisted cough, no corset” condition:  


Unassist. cough, w/ corset
7/10 (70%)


Manual assist., no corset
10/10 (100%)


Oral pos. press., no corset
9/10 (90%)


Oral pos. press, w/ corset
9/10 (90%)


Oral pos. press., manual assist., 


  no corset



10/10 (100%)

Maximum volume compared with  “unassisted cough, no corset” condition [2.0 L/sec, 100%]):

Unassisted cough, with corset:  108%

Manual assistance, no corset:  131% 

Oral positive pressure, no corset:  163% 

Oral positive pressure, with corset:  162%

Oral positive pressure, manual assistance, no corset:  180% 

No. of pts who improved maximum volume in comparison with control:  


Unassisted cough

5/10 (50%)


Manual assistance

10/10 (100%)


Oral pos. press., no corset
9/10 (90%)


Oral pos. press, w/ corset
8/10 (80%)


Oral pos. press., manual assist., 


  no corset



9/10 (90%)

Effect of oral positive pressure (sitting position, with corset) on 8/10 pts:

Maximum flow
25% increase

Maximum volume
48% increase

Other outcomes reported:

Maximum flow and volume of 6/12 pts (50%) compared with that of 3 normal individuals




	Evidence Table 4.  Secretion Management (continued)

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

	Lin, Lai, Wu et al., 1998


	Design:  Prospective single subject design clinical trial

Quality:

Internal validity

Level V

External validity

1-N

2-Y

3-Y

4-Y

5-N
	N = 12

Neurol. status  


Time since injury:  Mean, 9.8 yrs


Level of injury:  C4-C8


Completeness of injury:  Complete

Pulmonary status:  All pts breathing without ventilatory support; no pts had primary lung disease

Age:  36 (range:  N/S)

Sex:  N/S
Race:  N/S

	Test to determine effect of abdominal binder, with or without electrical stimulation, on PEFR (used as a proxy for cough).  In seated position, pts coughed forcefully in 1 sustained expiration.  PEFR was measured before and after each cough using a spirometer.  All pts performed all 3 of the below maneuvers, with a 10-min rest period between any 2 maneuvers.

Abdominal binder was placed between xiphoid process and pubis, to decrease abdominal girth by approximately 10%.  

Electrical stimulator (50 Hz with 300 μs pulse width) was applied to abdominal wall 3 cm from umbilicus using 4 high-conductivity surface electrodes.  Intensity of electrical stimulation was adjusted to obtain maximal muscle contraction without discomfort to pts.  Entire stimulation limited to 10 min, to avoid fatiguing pts. 

Experimental (1):  Voluntary coughing with abdominal binder, with electrical stimulation (2 coughs)

Experimental (2):  Voluntary coughing with abdominal binder, without electrical stimulation (2 coughs)

Control:  Voluntary coughing alone (2 coughs)


	PEFR:  Use of abdominal binding alone increased PEFR by 2% over voluntary coughing alone (no binding, no coughing), but this increase was not was not statistically significant (p ( 0.05).  Adding electrical stimulation to abdominal binding caused an 18% increase in PEFR over voluntary coughing, an increase that was statistically significant (p < 0.01).  The difference in PEFR  (16%) between the use of abdominal binding with electrical stimulation versus without such stimulation was also significant (p < 0.01).  The mean values (± SEM) are as follows:

· Voluntary coughing alone
4.52 ± 0.25

· With abdominal binder

4.59 ± 0.25

· With abdominal binder plus


electrical stimulation

5.32 ± 0.27

Investigators reported that the average PEFR was below normal range during voluntary coughing, but increased to within normal range with use of abdominal binder and electrical stimulation.  They also stated that electrical stimulation plus abdominal binding improved cough ability, but use of the binder alone added little benefit.




	Evidence Table 4.  Secretion Management (continued)

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

	Wang, Jaeger, Yarkony et al., 1997

Possible overlap with Jaeger, Turba, Yarkony et al., 1993


	Design:  Diagnostic test study

Quality:

Internal validity

N/A

External validity

1-Y

2-Y

3-Y

4-N/A

5-Y
	N = 95 (of larger grp of 181 pts, 86 of whom had injuries at T1-L4)

Neurol. status  


Time since injury:  < 1 yr, 10%; < 5 yrs, 54%


Level of injury:  10% C4, 23% C5, 20% C6, 40% C7, 7% C8


Completeness of injury:  ASIA (Frankel) grades:  A ( 97 pts, B ( 38 pts, C ( 33 pts, D ( 34 pts (numbers approximated from graph; numbers tally to N = 202, the no. of enrolled pts)

Pulmonary status:  No pts were on respirators or had tracheostomies.

Age:  Median, 34 (range:  18-76)

Sex:  85% M, 15% F
Race:  N/S


	Test to determine if motor level and peak expiratory flow (PEF) during coughing are correlated.  

Corsets, abdominal binders, or other devices that could alter breathing were removed prior to study.  Volitional coughs, for 5 repetitions each, were measured using a peak expiratory flowmeter while pts were seated at 90(.  Between coughs, from 10 sec to 1 min of rest were given, depending on patient’s ability and comfort level.

Note:  The modeling was performed on all 181 subjects, not just on the subjects with cervical-level injuries.


	Mean peak expiratory flow rate (L/min) by motor level:

C4 (n = 9)
1.72 (81) (SD)

C5 (n = 22)
281 (118)

C6 (n = 19)
297 (108)

C7 (n = 38)
355 (116)

C8 (n = 7)
319 (104)

Correlation between level of injury and incidence of pulmonary complications (based on “existing data”):  Complications were found to be “greatest in higher motor levels” and “lower in lower motor levels.”  No details provided.
Correlation between PEF and motor level (combined pts):  Investigators reported that there was a significant correlation between PEF and motor level for all pts (p < 0.01).

Correlation between peak flow versus motor level for subjects with ASIA grade A only:  This correlation was also significant (p-value not reported).

Other outcomes reported:
Correlation between peak flow and ASIA grades, height, weight, age, and year post-injury




	Evidence Table 4.  Secretion Management (continued)

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

	MULTIMODAL PULMONARY THERAPY

	McMichan, Michel, and West-brook, 1980


	Design:  Historical cohort comparison; prospective series of pts compared (for some outcomes only) to retrospective survey of 22 comparable pts

Quality:

Internal validity

Level IV

External validity

1-Y

2-N

3-Y

4-Y

5-N
	N = 22 (prospective series); 22 (retrospective series)

Neurol. status  


Time since injury:  All pts admitted to hospital within 24 hrs of acute traumatic quadraplegia.  Respiratory care plan initiated ASAP thereafter.


Level of injury:  C4-C8 in all pts except one retrospective pt, in whom the level of injury was C3


Completeness of injury:  N/S

Pulmonary status:  In prospective series, 14 pts (64%) breathing room air on arrival at ED, rest receiving oxygen by nasal cannula or face mask

Age:  24 (prospective), 29 (retrospective)

Sex:  82% M, 18% F (prospective); 91% M, 9% F (retrospective)
Race:  N/S

	Respiratory care program focusing on:

(1) Usual care (prevention of secretion retention):  This involved changing the patient’s position every two hours and instituting a 4-hourly program of deep breathing exercises, incentive spirometry, chest percussion, and assisted coughing.

(2) Aggressive care:  This involved treatment of secretion retention via intermittent positive pressure breathing, aerosolized bronchodilator treatment, bronchial lavage, chest percussion, changing patient’s position, and incentive spirometry, as indicated


	Prospective and retrospective pts compared for following outcomes:

· Mortality  

Aggressive (prospective) grp, 0/22 

Usual care (retrospective) grp, 9/22 (41%)

· Pulmonary complications (secretion retention and atelectasis)

Aggressive (prospective) grp, 4 cases

Usual care (retrospective) grp, 12 cases

· Need for mechanical ventilation

Aggressive (prospective) grp, 3/22 (14%)

Usual care (retrospective) grp, 9/22 (41%)

· Tracheostomy

Aggressive (prospective) grp, 2/22 (9%)

Usual care (retrospective) grp, 6/22 (27%)

Other outcomes reported:
Following outcomes assessed (prospective group only) at initial assessment in ED, at 9 wks (in halo cast), and at 18 wks (no cervical immobilization):

· Total lung capacity (TLC)

· Vital capacity (VC)

· Residual volume (RV)

· Functional residual capacity (FRC)

· Expiratory reserve volume (ERV)

· FEV1
· Forced expiratory flow 25%-75% VC

· Forced expiratory flow (FEF)

· Forced inspiratory flow (FIF)

· Maximal voluntary ventilation

· Maximum inspiratory pressure

· Maximum expiratory pressure 

Prospective and retrospective pts compared for following outcomes:

· Need for cervical traction

	Sugarman, 1985


	Design:  Retrospective case series
Quality:

Internal validity

Level V

External validity

1-N

2-N

3-Y

4-Y

5-N
	N = ? (see “Note” at right)

Neurol. status  


Time since injury:  57/128 admissions (45%) were due to initial injury and occurred days to months after injury (median, 18 days); all pts had received medical stabilization prior to admission


Level of injury:  N/S, but all pts were quadriplegics


Completeness of injury:   49 pts, “complete motor and sensory”; unknown no. of pts, incomplete

Pulmonary status:  On admission, 16 pts had tracheostomies and 1 received this procedure after admission; 2 pts were on ventilators; “some” pts had dyspnea.  After admission, 6 pts developed atelectasis on left side, with or without apparent pulmonary infiltrate or pleural effusion (5 of these 6 pts had tracheostomies and 3 had complete injuries)

Age:  “Mostly adult”

Sex:   “Mostly male”

Race:  N/S


	Describes protocol for “vigorous pulmonary therapy” to treat atelectasis (particularly that of the left bronchus).  Atelectasis defined as:

1.  A chest radiograph suggesting lung collapse, with or without apparent infiltrates or pleural effusion,

2.  Complete resolution of these abnormalities within 24 hrs after vigorous pulmonary therapy or bronchoscopy, and 

3. No known anatomic injury that caused the atelectasis.

Protocol for prevention of atelectasis:

· Suctioning (at least daily)

· Assisted coughing (routinely)

· Incentive spirometry (routinely)

· Both assisted coughing and incentive spirometry when necessary

Protocol for treatment of atelectasis:

· “More vigorous” assisted coughing (sufficient to treat 2 pts)

· Deep breathing (sufficient to treat 2 pts)

· Incentive spirometry (sufficient to treat 2 pts)

· More frequent suctioning

· When suctioning, leaving catheter down pharynx for a few seconds to induce best possible cough

· Valsalva-type maneuver if pt could not cough (turning pts’ head prior to suctioning, or using curved catheters (or both) in an attempt to suction left bronchus)

· Bronchoscopy

Note:  128 admissions of quadriplegic pts, but total no. of pts is unclear.  49 pts had complete injuries, but no. of pts with incomplete injuries N/S.  The 6 pts described here were a subset of a larger group of spinal cord-injured pts (N = 243, 271 admissions).
	The results below are for the 6 pts who developed atelectasis.

Pulmonary function tests (PFTs):

· Pre- to post-treatment improvement in 

· Tidal volume:  4/6 (67%)

· Forced vital capacity:  4/6 (67%)

· No. of pts with decline in follow-up PFTs:  2/6 (33%)

No. of pts for whom chest radiograph returned to normal within 24 hrs after therapy initiated:  6/6 (100%)

No. of pts requiring suctioning (at least daily) prior to diagnosis of atelectasis:  4/6 pts (67%), 2 of whom required “much more frequent suctioning”

No. of pts with resolution of dyspnea:  4/6 (67%)

Atelectasis:

· No. of pts who developed atelectasis (defined at left) at any time during hospitalization:  6/6 (100%)

· Recurrence of atelectasis:

· No. of recurrences:  7

· No. of pts with recurrences:  3/6 pts (50%)

· No. of pts free of atelectasis at discharge:  5/6 (83%); the other pt died

Mortality:  1/6 (17%)


170





171





173





174





176





172





175





177





178





179





180








� 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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