The Effect of a Quality Improvement Intervention on
Perceived Sleep Quality and Cognition in a Medical ICU
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TABLE 1. Patient Characteristics

Age, median (IOR) 54(43-63) 54 (44-66) 075 53 (41-61) 54(34-62) 077 =] s [ — ~
> I
Female, n (3%) 54 (44.3) 93 (52.3) 0.17 16 (47.1) 24 (63.2) 0.17 C 0) HE EE ’E IE ( ~ % (j: fd~ L \
White race, n (%) 49 (40.2) 82 (46.1) 031 10 (29.4) 9 (50.0) 008
Living at home before ICU 95 (779) 139 (78.1) 086 27 (79.4) 32 (84.2) 060

admissian, rr (%)

py—— ICUIRZEZ DSleep QIT

Pre-existing sleep problems, n (%) 27 (22.1) 48 (270) 0.34 9 (26.5) 18 (474) 0.07 }ﬁ .
Describes sleep as, n (%) EE % @ H EE Em
Very good 34 (279) 40 (22.6) 12 (35.3) 13(34.9)
5 >
. _ . | = S HA0A0Z%
Somewhat good 40 (32.8) 50 (28.1) B 16 (471) 15 (39.5) QBD =] I n \ y L \
Very bad/somewhat bad 15(12.3) 36 (20.2) 5(14.7) 9(23.7) o > <
~ Ny
Unki /ot ed 33 @71 52(20.2 1(29 1(26 / 2
nknown/not answer (27.1) (29.2) 29 (26) L/b\L/\ -lj- 7)l/-|j-4 h\

Taking sleep medications, n (%%)

>4 times per week 11 ©0) 16 (2.0) 5(14.7) 5(132) IJ\ é [, \ 7": &) . .: 0) E}f % %

1-4 times per week 7(5.7) 16(2.0) 0.58 4(11.8) 3(79) 0.85

Mever or unknown 104 (85.3) 146 (82.0) 25 (73.5) 30(79.0) 1ﬂ' ﬁ %%Il:ﬁl:l L) . 7_‘- ~
ICU Admission Diagnosis, n (3%) 12 PR ﬂ L/ ~— b ~
Respiratory fail 38 (31.2 b2 (29.2 9 (265 7184 N ~ ~ ~
i smena) @2 e @ e ENGLLEHME LN

Gastrointestinal 15.68) 27 (15.2) 3(8.8) 9 (23.7)
9.0) 25 (14.0) 052 2 (59) 0(00)

9(
11
Cardiovascular 6(13.1) 15(84) 4(11.8) 8(21.1) A = E: <
Other 8(312) 59 (33.2) 16 (4T1) 14 (36.8) I C U é @ Sle ep QIT
Evg; ;f;zive:ﬂn memaln:]cal ventilation 78 (63.9) B3 (46.6) 0.01 16 (47.1) 11 (29.0) 0.11 A I I]¥ u& % Ss2 (j_ T:

QI = quality improvement; IQR = interquartile range; MICU = medical ICU.

‘Calculated using Wilcoxon rank sum for continuous variables and chi-squared or Fisher's exact tests, as appropriate, for categorical variables. iIJ A b‘ IJ \ f ~ L \
= = =~

Sepsis (nonpulmonary) 0.18

“Baseline sleep guestionnaires could not be completed for 30 (25%) and 51 (29%) of baseline and sleep Ol patients, and 1 (3%) and 1 (3%) post-ICU patients
due to patient being meribund or comatose (without proxy), or other reasons.
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Patient daytime interventions (n = 735 patient-days), n (3t)

Blinds raised 578 (79) <[ qum/TA@%ﬁEEﬂ&t ﬁﬁ% }

Caffeine avoided after 3 248 (b4)
Less than 50% of day shift spent napping* 287 ( -115}
Patient nighttime interventions (n = 826 patient-nights), n (

Room lights dimmed before 10Fu 642 (78) ﬁ &ﬁﬂ@ A@%ﬁ’ﬁ ’;&t%jjﬁ% }

Room curtain closed before 10ry B28 (64)

Warm bath before 10eu 403 (49)

gnnecessary alarms pr.ev.ented 640 (77) E mm 0) i% iﬁ EJEJ %E& 0)

nom temperature optimized 637 (77)

Pain appropriately controlled 559 (68) 9‘-1“/7 IJ Z I\ 0) * % ﬁﬁ 14%

Television off 486 (59)
Esh;:;*la:;e?d numbe.r of nurse interruptions between 10y and Tau 7& Faﬁ O) i% iﬁ EJEI %E& O)

-5 interruptions 231 (28) .

6—10 interruptions 177 (21) %I‘yOIJXI\G)*%ﬁE 11%

>10 interruptions 111 (13)

Mot reported 307 (37) ?ﬁ Fﬁ gF ;HZ IE E’]

Soft music offered and accepted® 62 (11) H 0) % A 0)

Eye mask offered and accepted® 0(2) a‘_ I “J 7 IJ Z I\ 0) * % ﬁ/ﬁ %

Earplugs offered and accepted® 5(1)

Medication given per sleep guideling' 1(13)
ICU-wide nighttime interventions (n = 88 days), n {"i-'b} R 7 I é 1§ . ‘\

Hallway lights dimmed by 10su 78 (89) a‘_I J ) Z I\ % L/T‘ 75 A

) = - > sfs = ~ .
Ov:head pages after 10m a0 ﬁkd)*%ﬁmh\6_15%0) E ;ﬂfﬂbhf—
one

1-3 32 (36)

>3 7(8)

Unknown?® 36 (41)
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TABLE 3. Sleep Quality and Nighttime Noise Results
Adjusted Change (95% Confidence Interval) in Score*

Total Siosp Quality Sleep Ql&Baseline

Sleep Ql vs. baseline stage 2.37 (-1.66, 6.40) @ 706 (2.80, 11.33) w -t*“ EE HE 0) E ' : % ‘i
.

) |

Nurse vs. patient completing questionnaire 1.75 (-3.60, 7.09) O 332 (-2.08,872) o <

~ t —
Age, per year -0.01(-0.14,0.12) 081 —0.06 (-0.20,0.07) 0.36 f& L \ b\ . & Fﬁﬁ E'E E 'h
Male -1.60 (-5.48, 2.78) 0.47 1.64 (-3.05,6.12) 0.51 ey
Living at home prior to ICU admission 3.05 (-2.47 857) 0.28 771 (0.82, 14.60) 0.03 E ,§\ % % L)
Self-reported history of sleep problems -1.01 (-6.58, 4.56) 0.72 4,96 (-1.02, 10.93) 010

Self-reported home sleep guality

Very good Reference Reference g [ g | -ts @ HE HR @ E h‘\
Somewhat good -3.87 (-9.12, 1.38) : —T67 (-12.92,-247) o664 E

Somewhat/very bad -1396 (-19.79,-8.12) —-991(-1631,-2.11) @ "b"bif__ ‘i;F.—;%—H ‘—

Unknown/not answered -0.54 (-6.80, 5.43) Esls —-490(=11.16, 1.358) ua -~ ~
Home sleep medication frequency E L \ % % zé HE HE 0)

N V4554 N\
MNever/unknown Reference Reference
| | B. RHEETELIC
e e e os oo o B R FRIBRE £BIC
times per wee i =342, 11 r . —8.08, 8. . -
ICU admission diagnosis =] — Eﬁ'ft L/ L \ é
g s =70 C

Respiratory (including pneumonia) Reference Reference

Gastrointestinal -3.88 (-10.72, 294) 0.26 -1.92 (-10.37, 6.54) 0.66

Sepsis (nonpulmonary) -470 (-13.05, 3.65) 027 -1.16(-11.38,9.08) 0.83

Cardiovascular 3.04 (-5.98, 12.05) 0.51 1.91 (-727, 11.08) 0.68

Other -8.35 (-13.44,0.73) 0.08 -9.75 (-11.55, 6.04) 0.54

Receiving mechanical ventilation overnight 296 (-1.77 7.69) 2., —2.38 (=700, 2.28) 0.31

Ql = guality improvement,

“Scoring done using a 100-millimeter visual-analogue scale, with higher scores representing better overall sleep quality and less overnight noise for the Total
Sleep Quality and Moise results, respectively. p values calculated using multivariable lingar regression analysis using generalized estimating equations to account
for within-patient clustering of repeated daily time-varying measures.
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TABLE 4. ICU Cognitive and Secondary Outcomes
Baseline Sleep QI Adjusted QI vs. Base

n =110 Patients, n =175 Patients, line (95% Confidence
ICU outcome 634 Patient-Days 826 Patient-Days Interval)

Delirium outcomes . 'E' /\J% 0) 7‘-& L \ E 7!;& .
1.64 (1.04-2.68)

\v

Daily delirium/coma-free status in 272 (43) 399 (48)
MICU, n patient-days (96) and -E- /\J % 0) % E 33
odds ratio

Incidence of ICU delirium/ 76 (69) 86 (49) 046 (023-0.89) G 00 '°
coma, n (0% and odds ratio IL-\ I ‘

Length of stay

ZHN

ICU: sunvivors, mean days (so) 5.4 (9.5) 431(6.8) -1.12 (-2.33 10 0.08) 0,604
and mean difference

ICU: died in MICU, mean days (so) 6.3 (5.2) 75 (6.4) 1.21 (-2.04 to 4.46) 0,394
and mean difference

Haospital: survivors, mean days (s0) 15.0(14.6) 134 {17.0) -1.60 (-5.15 1o 1.84) 0,742
and mean difference

Hospital: died in hospital, mean 10,1 (8.1) 15.1 (26.9) 499 (-1121t0 11.08) Q.19

days (o) and mean difference == s
Mortality ICU)\%Eﬂ&s
ICU mortality, n (%) and odds ratio 18 (16) 24 (14) 1.14 (053-2.45) 0.74% E BJI‘T'E E ﬂ;&
~

Hospital mortality, n (%) and odds ratio 28 (25) 34 (19) 0.87 (0.45-1.68) Q.67

v vy — ~
Ql = guality imzrovement; MICU = medical ICU. gt l }1& ' % ' l f' L \
“Adjusted for age, gender, |GU admission diagnosis, mechanical ventilation status, and both bolus and infusion status for benzodiazepine and narcotic medica- = -
tions.
“pvalue calculated using multivariable logistic regression with generalized estimating equations to account for within-patient clustering of repeated daily mea-
sures of delirium/coma status.

“Post hoo analysis using the original multivariable regression model (described in footnote *a”) plus adjustment for all medications promaoted and discouraged by
the pharmacelogic sleep aid guideline (e.g., haloperidol and atypical antipsychotics) used in the Ql stage demonstrated similar results (odds ratio [35% confi-
dence interval] = 1.58 [1.00-2.49), P=0.048] to the primary results presented in Table 4,

“p value calculated using multivariable Peisson regression with standard errors corrected for overdispersion (pased on scaled deviance).
*p value calculated using multivariable logistic regression.
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TABLE 5. Post-ICU Sleep Questionnaire and Neurocognitive Testing Results®
Adjusted Difference in

Sleep QI Score for Ql vs. Baseline
n=38 (95% Confidence Interval)

Sleep in the ICU Questionnaire® :!:_=I—'E
Sleep quality in ICU 6 (3-7) 5 (2-7) ~06(-1.9,08) @ HE EE }E = D
Daytime sleepiness in ICU 5 (4-7) 6 (5-9) 0.7 (<06, 20) @ E& % | j: 7:; LY

Level of disruption

Moise 4 (2-9) 7 (3-10) 1.4 (0.4, 3.2) .19
Light 5 (4-9) B (5-10) 1.2 (-0.4,29) 019
Murse visits to room 4 (2-7) B (2-9) 1.1 (=05, 27 0.11

Testing (X-rays, EKG, efc.) 5{2-8) Q(2-10) 1.3(-0.6 32) 0.15
Vital signs 5 (3-8} B(3-10) 1.4 (-0.2,3.1) 0.08
Blood draws 4 (3-8) 6 (3-10) 1.2 (-0.6, 3.0) 0.25
Medication administration 5{3-9) Q(6-10) 2.2 (0.6, 3.8) 0.009

Meurocognitive testing score

Digit Span, Total Score® 12(10-14) 13(10-14) 0.4 (=12 20) 0.60
Trail Making Part A” 52 (38-94) 44 (36-T0) -10.6 (-27.2, 6.9) 0.50
Trail Making Fart B¢ 180 (99-180) 146 (69-180) -26.9 (-65.6, 11.8) 0.19

Ql = quality improvement.

“All values are median (interguartile range) unless stated otherwise. Neurocognitive testing data presented as raw scores,

“The following questions were rated on a 1 to 10 scale. Higher scores indicated better quality of sleep on the “Sleep quality in ICU” guestion and a higher level
of alertness for the “Daytime sleepiness in 1CU" question. The “Level of disruption” ratings assessed nighttime sleep disruptions, with higher scores indicat-
ing less disruptiveness. Adjusted differences were calculated using multivariable linear regression with adjustment for Sequential Organ Failure Assessment
(SOFA) score and self-reported home sleep quality rating.

“Sum of Digit Span Forward and Backward scores (with higher score indicating better performance). Adjusted difference calculated using multivariable linear
regression with adjustment for race, ICU admission diagnosis category and SOFA score, and current/prior heavy alcohol or drug use.

“Pregented as time to completion in seconds, with a maximumm allowed time of 180 & (with lower score indicating better performance). Adjusted differences
were calculated using multivariable linear regression with adjustment for gender, education {cubic polynomial), ICU admission SOFA score (cubic polynomial),
self-reported home sleep quality rating (categorical), and current/prior heavy alcohol or drug use,
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