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Effectiveness of thigh-length graduated compression stockings
to reduce the risk of deep vein thrombosis after stroke
(CLOTS trial 1): a multicentre, randomised controlled trial

The ALOTS Tr

Collaboration®

Summary

Background Deep vein thrombosis (DVT) and pulmonary embolism are common after stroke. In small wials of
patients undergoing surgery, graduated compression stockings (GCS) reduce the risk of DVT. National stroke
guidelines extrapolating from these trials recommend their use in patients with stroke despite insufficient evidence.
We assessed the effectiveness of thigh-length GCS to reduce DVT affer stroke.

Methods In this outcome-blinded, randomised controlled trial, 2518 patients who were admitted to hospital with
1 week of an acute stroke and who were immobile were enrolled from 64 centres in the UK, laly, and Australia.
Patients were allocated via a central randomisation system to routine care plus thigh-length GCS (n=1256) or to
routine care plus avoidance of GCS (n=1262). A technician who was blinded to treatment allocation undertook
compression Doppler ultrasound of both legs at about 7-10 days and, when practical, again at 25-30 days afier
entolment. The primary outcome was the occurrence of symptomatic o asymptomatic DVT in the popliteal or femoral
veins. Analyses were by intention to treat. This study is registered, number ISRCTN28163533.

ngs All patients were included in the analyses. The primary outcome occurred in 126 (10-0%) patients allocated to
thigh-length GCS and in 133 (10-5%) allocated to avoid GCS, resulting in a non-significant absolute reduction in risk of
0-59% (95% CI -1.9% to 2-9%). Skin breaks, ulcers, blisters, and skin necrosis were significantly more common in
patients allocated to GCS. than in those allocated to avaid their use (64 [5%] 15 16 [1%]; odds ratio 4-18, 95% CI
2.40-7-27).

Interpretation These data do not lend support to the use of thigh-length GCS in patients admitted to hospital with
acute stroke. National guidelines for stroke might need to be revised on the basis of these resulis.

Funding Medical Research Gouncil (UK), Chief Scientist Office of Scottish Government, Chest Heart and Stroke
Scotland, Tyco Healthcare (Covidien) USA, and UK Stroke Research Network.

Introduction

Deep vein thrombosis (DVT) and pulmonary embolism
(PE) are common complications of admission to hospital
for surgery or acute medical problems, and result in many
avoidable deaths.’ These complications emphasise the
potential importance of measures that might reduce the
riskof venous thromboembolism, such as anticoagulation,
external compression with graduated compression
stockings (GCS), and intermittent pneumatic com-
pression. Up to 425 of patients admitted with suoke
develop venous thromboembolism. Although use of anti-
coagulants reduces this risk, the associated excess of
infracranial and extracranial haemorthages largely offsets
any benefit* Thus, most national stroke guidelines do not
recommend routine use of anticoagulants in ischaemic
stroke, butinstead recommend the use of GCS.* * However,
guidelines vary considerably, with some recommending
anticoagulation and only GCS in patients unsuitable for
anticoagulation, and others recommending routine
stacking use but avoidance of anticoagulants. The UK
National Institute for Health and Clinical Excellence
(NICE) has recently drafied guidelines for reducing the
risk of venous thromboembolism which included the

recommendation: “For patients diagnosed with stroke,
offer mechaniical VTE prophylads (thighJength anti.
embolism stockings, intermittent pneumatic compression
devices or foot impulse devices) from admission until the
patient's mobility is no longer increasing or umtil
discharge™®

A systematic review* identified 17 single-centre random-
ised controlled trials in patients admitted to hospital in
which 2412 patients or legs were randomly assigned to
GCS or control. GCS was assodated with a 63% (95% CI
52-70) reduction in the odds of (mainly distal) DVT. 15 of
the 17 trials were in surgical patients, one was in acute
‘medical patients {n— 80)." Only one trial was in patients
with stroke® and in this trial, seven of 65 patients (10-8%)
allocated GCS and seven of 32 (21.934) allocated to avoid
GCS had DVTs detected on Doppler ulwasound within
10 days of enrolment {odds ratio 0-43, 95% CI 0-14-1-36).
14 of the 17 trials tested thighlength GCS, two tested
below-knee GCS and, in one, the length was not specified.
A systematic review of external compression specifically in
stroke? did not identify any other randomised controlled
trials investigating GCS. For patients with stroke, unlike
surgical patients, external compression cannot be applied
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Thigh-Length Versus Below-Knee Stockings for Deep Venous

Thrombosis Prophylaxis After Stroke
A Randomized Trial
The CLOTS (Clots In Legs Or sTockings after Stroke) Trial Collaboration*

Background: Graduated compression stockings are widely used for
deep venous thrombosis (DVT) prophylaxis. Although below-knee
stockings are used more often than thigh-length stockings, no
rellable evidence indicates that they are as effective as thigh-length
stockings

Objective: To compare the effectiveness of thigh-length stockings
for preventing proximal DVT in
mobile, hospitaized patients with stroke

Design: Parallel-group tial with centralzed randomization (minimi-
zation within centers) to ensure allocation concealment. The uitra-
sonographers who looked for DVT were biinded, but the patients
and casegivers were not. (Controlled-trials.com registration number:
1SRCTN28163533)

Setting: 112 hospitals In 9 countries

Patients: 3114 immoble patients hospitalzed with acut
between January 2002 and May 2009.

stroke

Intervention: 1552 patients received thigh-length stockings and
1562 patients recemved below-knee stockings 10 wear while they
were in the hospital

Measurements: Uttrasonographers performed compression duplex
ultrasonography In 1406 patients (96% of survivors) in each treat-
ment group between 7 and 10 days after envolment. They per
formed a second scan in 643 patients in the thigh-len wings
#roup and 639 in the below-knee stockings group at about 25 1o

30 days. The primary outcome was symptomatic or asymptomatic
DVT in the popiteal or femoral veins, detected on efther scan

Resuits: Patients were retained in their assigned group for ol
analyses. The primary outcome occurred in 98 patients (6.3%) who
received thigh-length stockings and 138 8.8%) who received
below-knee stockings (absolute difference, 2.5 percentage points
195% CI, 0.7 1o 44 percentage pointsk, P = 0.008), an odds
reduction of 3! (Cl, 9% to 47%). Seven! ve percent of pa-
nts In both groups wore the stockings for 30 days or until they
were discharged, died, o regained mobilty. Skin breaks occurred in
61 patients who received thigh-length stockings (3.9%) and 45
(2.9%) who recelved below-knee stockings.

Limitation: Blinding was incomplete, 2 scans were not obtained for
all enrolled patients, and the trial was stopped before the target
accrual was reached

Conclusion: Proximal DVT ocaws more often in patients with
stroke who wear below-knee stockings than In those who wear
thigh-length stockings

Primary Funding Source: Medical Research Council of the United
Kingdom, Chief Scientist Office of the Scottish Govemment, and
Chest Heart and Stroke Scotand.
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eep venous thrombosis (DVT) and pulmonary embo

lism are common among parients hospit
gery and those with acute medical problems associated
with immobility, including stroke. Deep venous thrombo-
sis may lead to pulmonary emboli, a frequent cause of
avoidable deaths (1). Graduated compression stockings, ei-
ther alone or in combination with intermittent pneumatic
compression or anticoagulants, are widely used to reduce
the risk for DVT. The recommendations to use these
stockings arc based on systematic reviews of randomized,
controlled trials (2-4), the most recent of which shows
t stockings are associated with a 63% (95% CI, 52% to
) reduction in the odds of developing DVT. However,
15 of the 17 trials reviewed were in surgical patients, | was
in 80 patients with acute myocardial infarction (5), and
only 1 was in patients with stroke (97 patients) (6). Four-
teen of the 17 trials (91% of patients) evaluated thigh-
length T.E.D. stockings (Tyco Healthcare [now Covidien]
Mansfield, Massachusetts) (7).

We set up the CLOTS (Clots in Legs Or sTockings
after Stroke) Trials (www.clotstrial.com), 3 multicenter

lized for sur.

randomized trials that shared randomization, data collec-
tion, and follow-up systems, to assess the effectiveness of
external compression in patients with stroke (8). All 3 rials
tosted the cffect of adding external leg compression to rou-
tine care. We compared thigh-length stockings with no
stockings in 2518 patients in CLOTS Trial 1 (8) and
ted with a
reduced absolute risk for proximal DVT of only 0.5 per
centage points (Cl, —1.9 to 2.9 percentage points; P =
), which is cquivalent to a number needed o treat of

showed that thigh-length stockings were asso
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Effectiveness of intermittent pneumatic compression in
reduction of risk of deep vein thrombosis in patients who
have had a stroke (CLOTS 3): a multicentre randomised
controlled trial

CLOTS (Clots inLegs Or sTockings after Stroke) Trials Collaboration*

Summary

Background Venous thromboembolism is a common, potentially avoidable cause of death and motbidity in patients
in hospital, including those with stroke. In surgical patients, intermittent pneumatic compression (IPC) reduces the
risk of deep vein thrombosis (DVT), but no reliable evidence exists about its effectiveness in patients who have had a
stroke. We assessed the effectiveness of IPC to reduce the risk of DVT in patients who have had a stroke.

Methods The CLOTS 3 trial is a multicentre parallel group randomised trial assessing [PC in immobile patients (ie,
who cannot walk to the toilet without the help of another person) with acute stroke. We entolled patients from
day 0 to day 3 of admission and allocated them via a central randomisation system (ratio 1:1) to receive either IPC or
no IPC. A technician who was masked to treatment allocation did a compression duplex ultrasound (CDU) of both
legs at 7-10 days and, wherever practical, at 25-30 days after enrolment. Caregivers and patients were not masked to
treatment assignment. Patients were followed up for 6 months to determine survival and later symptomatic venous
thromboembolism. The primary outcome was a DVT in the proximal veins detected on a screening CDU or any
symptomatic DVT in the proximal veins, confirmed on imaging, within 30 days of randomisation. Patients were
analysed according to their treatment allocation, Trial registration: ISRCTN93529999.

Findings Between Dec 8, 2008, and Sept 6, 2012, 2876 patients were enrolled in 94 centres in the UK. The included
‘patients were broadly representative of immobile stroke patients admitted to hospital and had a median age of 76 years
(IQR 67-84). The primary outcome occurred in 122 (8- 5%) of 1438 patients allocated IPCand 174 (12.-1%) of 1438 patients
allocated no IPC; an absolute reduction in risk of 3-6% (95% CI 1-4-5-8). Excluding the 323 patients who died
‘before any primary outcome and 41 without any screening CDU, the adjusted OR for the comparison of
122 of 1267 patients vs 174 of 1245 patients was 0-65 (95% CI 0.51~0.34; p=0-001). Deaths in the treatment period
occurred in 156 (11%) patients allocated 1PC and 189 (13%) patients allocated no IPC died within the 30 days of

iod (p=0.057); skin breaks on gs ind4(3%) pati ated IPCandin 20 (1%) patients
allocated no IPC (p=0-002); falls with injury were reported in 33 (296) patients in the IPC group and in 24 (2%) patients

in the no-1PC group (p=0-221).

Interpretation 1PC is an effective method of reducing the risk of DVT and possibly improving survival in a wide variety

of patients who are immobile after stroke.

Funding National Institute of Health Research (NIHR) Health Technology Assessment (HTA) programme, UK; Chief
Scientist Office of Scottish Government; Covidien (MA, USA).

Introduction

Venous thromboembolism is ane of the most important,
potentially preventable, causes of death and morbidity in
patients in hospital * Although its importance has long
‘been recognised in patients undergoing surgery, it is now
«clear that medical patients (sometimes referred to as
non-surgical patients) also have a high risk of venous
thromboembolism. Patients who have had a stroke are
at especially high risk; in prospective studies, venous
thromboembolism has been detected in 20-42% of
patients in hospital who have had a stroke.** Most health-
«care systems in developed countries have established
guidelines promoting routine assessments of risk of
venous thromboembolism on hospital admission and the

initiation of prophylaxis in high-risk patients.*” Prophyl-
axis with antithrombotic drugs or physical methods, such
as intermittent pneumatic compression (IPC), reduces
the risks of deep vein thrombosis (DVT) in patients
undergoing surgery; but the balance of risk and benefit
for these approaches in medical patients is more con-
tentious.*** After stroke, graduated compression stock-
ings are not effective, and the guideline-recommended
strategy of selective use of anticoagulants in patients at
high risk of venous thromboembolism and low risk of
bleeding is impossible to achieve in practice because of
the overlap of the factors that predict venous thrombo-
embolism and those predicting bleeding risk.'”

o thelancet com Vol 382 August 10, 2013
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Effectiveness of thigh-length graduated compression stockings
to reduce the risk of deep vein thrombosis after stroke
(CLOTS trial 1): a multicentre, randomised controlled trial

Summary
Background Deep vein thrombosis (DVT) and pulmonary embehsm are common afier stroke. In small ials of
undering srgey, graduted comprsson sokings (GCS) redus e risk of DVT Natoral sroke
Guideines exrapolatin from these il recommend ther use n patir stroke despite insufficient evidenc

We assessed the effectiveness of thigh-length GCS to reduce DVT after stroke

Methods In this outcomeblinded, randomised controlled tral, 2518 patients who
eck of an acute stroke and who were immobile were enrolled from 64 centres in

admitted to hospital within
the UK laly, and Auszlia
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compression Doppler ultrasound of both legs at about 7-10 days and, when practical, again at 25-30 days afier

enrolment. The primary DVT in the popliteal or femoral
veins. Analyses were by intention to treat, This study is registered, number ISRCTN28163533.

Findings All patients were included in the analyses. The primary outcome occurred in 126 (10-0%) patients allocated to
thighlength GCS and in 133 (10-5%) allocated o avoid GCS, resulting in 2 non-significant absolute reduction in risk of
% CI -1-9% to 2.9%). Skin breaks, ulcers, blsters, and skin necrosis were significantly more common in

patints allocated 10 GCS than i those allocated to avoid their use (64 (5%] 5 16 (1%); odds ratio 4-18, 95% C1 _— —
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Interpretation These data do not lend support to the use of thigh-length GCS in patients admitted to hospital with b b Vs

acute stroke. Natonal guidelins for sroke might need o b revised on the basis of these esuls
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Funding Medical Research Council (UK), Chief Scientist Offce of Scottish Government, Chest Heart and Stroke

Scotland, Tyco Healtheare (Covidien) USA, and UK Stroke Research Network

Introduction

Deep vein thrombosis (DVT) and pulmonary embolism
(PE) are common complications of admission t hospital
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.\ Hmm'\u( of measures that might reduuce the
h
external compression with graduated - compression

stockings (GCS), and intermittent

pneumatic com.

trials were in surgical patients, one was in acute
intracranial and extracranial haemorthage medicl paints o= 80.° On one il was i patint
hus, most national stroke g Mnu domot  with s ind in this trial, seven of 65 patients (10-8%)
ocaed GCS and seven af 33 (21-5%) shocated t0 void
GCS had DVIs detected on Doppler ultrasound within
10 ol et o048, 85%.C10- 1135
£ the 17 d thighlength GCS, wo tested

EHSE , GCS (1256 ) FIXIER ( 126241 )

= recommending routine

The UK

bl knee GS and. n e, g v o sy
A

lence

risk of venous thromboembolism which included the

stroke? did ot denify any ober randoms e comlled
i S. For patients with stroke, unlike
el paicnts, cxernal compression canno be applicd

ER

-~ /\\©\

TERETCIE R R ARER KDV T

Lancet. 2009; 373 :1958-65

= X

P )

Beijing Tiantan Hospital

RIZER



CLOTS I : {KBEGCSAREPF KR 1L
ZZREEDVT

Thigh-length GCS  Avoid GCS Odds ratio

Primary outcome

Proximal DVT 126 (10-0%) 133 (10-5%)
Primary outcomes within 14 days
Post-hoc analysis restricting follow-up to 14 dayst 87 (6-9%) 95 (7-5%)
Thigh-length GCS Avoid GCS OR (95% Cl) p value
Delay from onset to randomisation
0-1day 54/457 (11-8%) 49/453 (10-8%) 0-63
=2 days 72/643 (11:2%) 84/680 (12-4%)
Heparin, warfarin, alteplase
No 116/1017 (11-4%) 122/1038 (11-8%) 0.91
Yes 10/83 (12-0%) 11/95 (11-6%)
Can lift both legs off bed
No 90/600 (15-0%) 99/619 (16-0%) —_.—._ 0-59
Yes 36/500 (7-2%) 34/514 (6-6%)
All 126/1100 (11.5%)  133/1133 (11-7%) <> 0-88
| |
01 1-0 10
Thigh-length GCS better Avoid GCS better

~ AREXEER
La n cet. 2009; 3 7 3 : 1 9 5 8 ) 6 5 S Beijing Tiantan Hospital
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Outcome Thigh-Length Below-Knee Adjusted OR P Value
Proximal DVT 98 (6.3) 138 (8.8) 0.69 (0.53t00.91) 0.008
Symptomatic proximal DVT 49 (3.2) 3 (4.0) 0.78 (0.53to 1.14)  0.19
Asymptomatic proximal DVT 49 (3.2) 5(4.8) 0.64 (0.441t00.93) 0.02
Symptomatic DVT (proximal or distal) 85 (5.5) 7 (5.6) 0.98 (0.72t0 1.33)  0.87
Any DVT (proximal or distal) 177 (11.4) 2’|’| (13.5) 0.82(0.67t01.02) 0.08
Pulmonary emboli 23 (1.5) 9(1.2) 1.23 (0.66t02.26) 0.51
Any DVT or pulmonary emboli 188 (12.1) 220 (14.1) 0.84(0.68t01.04) 0.11

Prespecified Subgroup Thigh-Length Stockings, Below-Knee Stockings, P Value

n/N (%) n/N (%)
Delay from onset to randomization
0-1d 41/605 (6.8) 66/585 (11.3) . 0.195
22 d 57/739 (7.7) 72/766 (9.4) = s
Use of antithrombotics
No 89/1169 (7.6) 124/1174 (10.6) . = 0.89
Yes 9/175 (5.1) 14/177 (7.9) _

Able to lift both legs

No 67/774 (8.7) 91/780 (11.7) —— 0.63
Yes 31/570 (5.4) 47/571 (8.2) ——
All 98/1344 (7.3) 138/1351 (10.2) <> 0.008
0!1 1 'l|0
Thigh-Length Below-Knee _
Better Better fiz:lz [‘ﬁ-’,

Ann Intern Med. 2010;153:553-562. Beijing Tiantan Hospital
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Effectiveness of thigh-length graduated compression stockings
to reduce the risk of deep vein thrombosis after stroke
| 1): amulticentre, randomised controlled trial

Summary
Background Deep vein thrombosis (DVT) and pulmonary embolism are common after stroke. In small trials of
patients undergoing surgery, graduated compression stockings (GCS) reduce the risk of DVT. National stroke

guidelines extrapolating from these trials recommend their use in s it stroke despite insuffcient evidence.
‘We assessed the effectiveness of thigh ength GCS to reduce DVT afer s

Methods In this outcome blinded, randomised controlled trial, 2518 patients who were admitted to hospital within
1 week of an acute stroke and who were immobile were enrolled from 64 centres in the UK, Ia
Patients were allocated via a central randomisation system to routine care plus thi
routine care plus avoidance of GCS (n=1262). A technician who was blinded 1 treatment allocation undertook
compression Dopple ulrasound of b ege ot sbout 7-10 dye and, when practicl, s 1 2830 doy s
enrolment, The p femoral
veins. Analyses were by intention to treat. Thi: study is registered, number e et

2
0%

Findings All patients were included in the analyses. The primary outcome occurred in 126 (10-0%) patients allocated to
thigh-length GCS and in 133 (10-5%) allocated to avoid GCS, resulting in a non-significant absolute reduction in risk of
0-59% (95% CI -1-9% to 2.9%). Skin breaks, ulcers, blisters, and skin necrosis were significantly more common in
patients allocated to GCS than in those allocated to avoid their use (64 [5%] »s 16 [1%]; odds ratio 4-18, 95% CI
2.40-7.27)

Interpretation These data do not lend support to the use of thigh-length GCS in patients admitted to hospital with
acute stroke. National guidelines for stroke might need to be revised on the basis of these results.

Funding Medical Research Council (UK), Chief Scientist Office of Scottish Government, Chest Heart and Stroke
Scotland, Tyco Healthcare (Covidien) USA, and UK Stroke Research Network.

Introduction recommendation: “For patients diagnosed with stroke,
Deep e thrombesis (V) and ulmonary emboiom - offer mcdm.mml VTE propylis (bighlagth ani-
(PE) are common complications of admission to hospital @
for surgery or acute medical problems, and result in many e mp.us,amc,s; from admission und the

avoidable deaths.’ These complications emphasise the
pmcnml importance of measures vhat ‘might reduce the

patients mobility is no longer increasing or untl
djsd\ugc

e compression with gmdu:mﬂ compression
suckings (GCS). and ottt prenaic co
pression. Up to s admitied with stroke
developvenous romboctoiam: Although use of ani
coagulants reduces this risk, the associated excess of
intracranial and extracranial haemorrhages largely offsets
any benefit” Thus, most national stroke guidelines do not
recommend Toutine use of anticoagulants in ischacmic
stroke, butinstead recommend the use of GCS.* * However,
guidelines vary considerably, with some recommending
anticoagulation and only GCS in patients unsuitable for
anticoagulation, and others recommending _toutine
stocking use but avoidance of anticoagulants, The UK
National Instintte for Health and Clinical Excellence
(NICE) has recenty drafied guidelines for reducing the
risk of venous thromboernbolism which included the

“identified 17
s onoled i in patients admitted to hospital in
which 2412 patients or legs were randomly assigned to

GCS or control. GCS was associated with  63% (95% CI
52-70) reduction in the odds of (mainly distal) DVT. 15 of
the 17 trials were in surgical patients, one was in acute
‘medical patients (- 50). Only one tral was in patients
with stroke* and in this trial, seven of 65 patients (10-8%)
allocated GCS and seven of 32 (21-9%) allocated to avoid
GCS had DVEs detected on Doppler ultrasound within
10 days of enrolment (odds ratio 0-43, 95% CI 0-14-1-36)
14 of the 17 tials tested thighlength GCS, two tested
below knce GCS and, in one, the length was riot specified.
A systematic review of external compression specifically in
stroke” did not identify any other randomised controlled
trials investigating GCS. For patients with stroke, unlike
surgical patients, external compression cannot be applied

Lancet 2013, 382: 516-24
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IPC No IPC Odds ratio (95% Cl) pvalue
(n=1438) (n=1438)

Primary outcome

Primary outcome (proximal DVT) 122 (8-5%) 174 (12-1%)

Secondary outcomes by 30 days or later second compression duplex ultrasound

Dead by 30 days 156 (10-8%) 189 (13:1%) 0-80 (0-63t0 1.01) 0-057
Symptomatic proximal DVT (2 7%) 49 (3-4%) 079 (0-51to 1-21) 0-269
Asymptomatic proximal DVT 3(5-8%) 125 (8-7%) 0-65 (0-48to 0-86) 0-003
Symptomatic DVT (proximal or calf) 6 (4-6%) 90 (6:3%) 0-72 (0-52 to 0-99) 0-045
Any DVT (symptomatic or asymptomatic, proximal or calf) 233 (16-2%) 304 (211%)  0-72(0-60to 0-87) 0-001
All confirmed pulmonary embolism (imaging or autopsy) 9 (2:0%) 35(2:4%) 0-83 (0-50to 1:36) 0-453

= A R®RXRIEER
Lancet 2013, 382: 516-24 " Beijing Tiantan Hospital
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Table 2. Energy delivery from enteral nutrition

Nasogastric Nutrition Early Nasojejunal
Variable (n = 89) Nutrition (n = 91) p
Proportion of estimated energy requirements 71% (19%) 72% (21%) .66

delivered by enteral nutrition for study
period (mean, Sb)

Proportion of estimated energy requirements 71% (19%) 72% (21%) 76
delivered by enteral nutrition over first 10

days (mean, sp)
Daily energy delivered, kilocalories (mean, sp) 1444 (485) 1497 (521) 49

. S RmXIEER
Crit Care Med 2012: 40: 2342-2348 " Beijing Tiantan Hospital
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Table 3. Other outcomes

Nasogastric Early Nasojejunal
Variable Nutrition (n = 89) Nutrition (n = 91) p
Ventilator-associated pneumonia by blinded 19 (21%) 18 (20%) 94
adjudication panel (n, %)
Accidental withdrawal of enteral tube (n, %) 18 (20%) 23 (25%) 42
Vomiting (n, %) 27 (30%) 30 (33%) 70
Witnessed aspiration (n, %) 4 (4%) 5 (5%) .76
Abdominal distension (n, %) 18 (20%) 16 (18%) .65
Diarrhea (n, %) 27 (30%) 26 (29%) .79
Minor gastrointestinal hemorrhage (n, %) 3(3%) 12 (13%) .02
Major gastrointestinal hemorrhage (n, %) 2(2%) 2 (2%) 98
Duration of mechanical ventilation, days 8 (5-14) 8 (6-12) .84
(median, IQR)
Duration of intensive care unit stay, days 11 (7-16) 10 (7-15) .85
(median, IQR)
Duration of hospitalization, days (median, IQR) 24 (15-32) 20 (11-33) Y
Hospital mortality (n, %) 12 (13%) 13 (14%) .88

. S RmXIEER
Crit Care Med 2012: 40: 2342-2348 " Beijing Tiantan Hospital
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Effect of Not Monitoring Residual Gastric Volume
on Risk of Ventilator-Associated Pneumonia
in Adults Receiving Mechanical Ventilation
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Intervention Control % or Median
(n=227) (n = 222) Difference (90% CI)

Cumulative calorie deficit from day Otoday 7, 319 (93-1012) 509 (185-1252) —111 (—198 to —36)9
median (IQR), kcal®

|CU-acquired infection, No. (%)© 60 (26.4) 60 (27.0) —0.6 (—7.5t06.3)2
Duration of mechanical ventilation, median 7 (4-13) 7 (5-13) O(—=1to O)d
(IQR), d
ICU length of stay, median (IQR), d 10 (6-17) 10 (7-17) —1 (—2t0 0)d
Mortality
Day 28, No. (%) 63 (27.8) 61 (27.5) 0.3 (—6.7t0 7.2)@
Day 90, No. (%) 82 (36.3) 76 (34.2) 2.1(-5.4109.52

A A REEER
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Table 2. Incidence of Hospital-Acquired Bloodstream Infections and Acquisition of Multidrug Resistant Organisms
(MDROs), MRSA, and VRE.*

Variable Intervention Period Control Period P Value

MDRO acquisition

No. of infections 127 165 0.03
Incidence rate (no./1000 patient-days) 5.10 6.60
Hospital-acquired bloodstream infection
No. of infections 119 165 0.007
Incidence rate (no./1000 patient-days) 4.78 6.60
Primary bloodstream infection
No. of infections 90 131 0.006
Incidence rate (no./1000 patient-days) 3.61 5.24
Central-catheter-associated bloodstream infection
No. of infections 21 43 0.004
Incidence rate (no./1000 catheter-days) 1.55 3.30
Secondary bloodstream infection
No. of infections 29 34 0.45
Incidence rate (no./1000 patient-days) 1.20 1.40

A ERREER
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Occurrence of VAP, n (%) 24 (31) 20 (28) 0.69

Occurrence of ventilator-associated

tracheobronchitis, n (%) 8 (10) 5(7) 0.41
Occurrence of ARDS, n (%) 5 (6) 0 (0) 0.06
Length of stay, mean (SD), d

In ICU 15 (13) 16 (14) 0.82

In hospital 20 (17) 22 (19) 0.35
Mortality, n (%)

In ICU 28 (33) 21 (26) 0.30

At day 90 28 (33) 22 (27) 0.39

. A AR EEER
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Table 2. Rates at Risk of Acquisition of Antibiotic-Resistant Bacteria per 1000 Patient-Days

Intensive Care Units

Intervention Control
No. of Patient-Days No. of Patient-Days P
Acquisitions at Risk Mean Rate (95% CI)?  Acquisitions at Risk Mean Rate (95% CI)? Difference (95% CI)®  Value®

Drug-Resistant Bacteria
VRE or MRSA

Study period 577 32693.0 16.91(14.09 to 20.28) 517 31765.0 16.29(13.48 t0 19.68)

Baseline 178 8684.0 21.35(17.57 t0 25.94) 176 9804.5  19.02 (14.20 to 25.49)

Change® -4.47 (-9.34 t0 0.45) -2.74(-6.98t0 1.51) -1.71(-6.15t02.73) .57
VRE

Study period 411 27 765.5  13.59(10.26 to 17.99) 337 28 340.5  11.88(8.65to 16.33)

Baseline 108 7691.5  15.18(10.50 to 21.95) 122 8818.0  14.37 (10.31 to 20.02)

Change® -1.60 (-7.18 to0 3.98) -2.48 (-5.53t00.56) 0.89 (-4.27t0 6.04) .70
MRSA

Study period 199 30 454.5 6.00 (4.63 to 7.78) 191 30 024.0 5.94 (4.59 to 7.67)

Baseline 77 7841.0 10.03 (8.05 to 12.50) 59 9182.0 6.98 (4.50 to 10.83)

Change® -4.03 (-6.50 to -1.56) -1.04(-3.37t0 1.28) -2.98 (-5.58t0 -0.38) .046

= ERmXRIEER
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Table 3. Average Hand-Hygiene Compliance and Health Care Worker Visits per Hour

Intensive Care Units

p
Intervention Mean (95% Cl), %  Control Mean (95% Cl), %®  Control Mean (95% Cl), %  Value®

Hand-hygiene
compliance, %

Room entry 56.1 (47.2 to 66.7) 50.2 (41.4 to 60.9) 5.01 (-6.91t0 18.7) .42
Room exit 78.3 (72.1 to 85.0) 62.9 (54.4 t0 72.8) 15.4 (8.99 to 21.8) 02
t'iiftl:“ care-worker 4 5g (3 95 t0 4.64) 5.24 (4.46 t0 6.16)° ~0.96 (-1.71t0 -0.21) .02

= ERmXRIEER
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Transfer of multidrug-resistant bacteria to healthcare workers’ gloves and
gowns after patient contact increases with environmental contamination™

Daniel J. Morgan, MD; Elizabeth Rogawski, BS; Kerri A. Thom, MD, MS; J. Kristie Johnson, PhD;
Eli N. Perencevich, MD, MS; Michelle Shardell, PhD; Surbhi Leekha, MD, MPH; Anthony D. Harris, MD, MPH

Objective: To assess the role of environmental contamination

in the ion of multidrug: i
workers’ clothing.

Design: Prospective cohort.

Sefting: Six intensive care units at a tertiary care hospital.

Subjects: Healthcare workers including registered nurses, pa-
tient care technicians, respiratory therapists, occupational/physi-
cal therapists, and physicians.

Interventions: None.

Measurements and Main Results: One hundred twenty of 585
(20.5%) healthcare worker/patient interactions resulted in con-
tamination of healthcare workers' gloves or gowns. Multidrug-

152 (13.8%; 95% Cl 8.3% to 19.2%). Independent risk factors as-
sociated with healthcare worker contamination with multidrug-
resistant bacteria were positive environmental cultures (odds
ratio [OR] 4.2; 95% Cl 2.7-6.5), duration in room for >5 mins (OR
2.0; 95% Cl 1.2-3.4), performing physical examinations (OR 1.7;
95% CI 1.1-2.8), and contact with the ventilator (OR 1.8; 95% CI,
1.1-2.8). Pulsed field gel electrophoresis determined that 91% of
healthcare worker isolates were related to an environmental or
patient isolate.

ions: The i of workers" prolec-

i f patients wil

nryanlsms is most frequent with A. baumannii. Environmental

resistant i occurred was the major determinant of transmission to
most frequently, 55 of 167 (32.9%; 95% i workers’ gloves or gowns. Compllance with contact
interval [CI] 25.8% to 40.0%), followed by multid istant and more cleaning may de-
Pseudomenas aeruginosa, 15 of 86 (17.4%; 95% C1 9. 4% 1o 25. 4%), crease transmission. (Crit Care Med 2012; 40:1045-1051)

HIBETERAS B ST

vancomycin-resi
18.9%) and methis

ospital-associated infections are
estimated to contribute to the
death of approximately 100,000
people per year in the United
States (1). Multidrug-resistant (MDR) bacte-

int Enterococcus, 25 of 180 (13.9%, 95% CI 8.9, Key Worns:
lin-resistant Staphylococcus aureus, 21 of

contact

associated infections (2-4). MDR bacteriaare
asignificant problem worldwide with a high
frequency of MDR bacteria in intensive care
units (ICUs) from South Ammca Africa,

environment; MRSA; VRE

MDR bacteria to contaminate HCW cloth-
ing or the environment, although it has
not been directly compared to methicillin-
resistant Staphylococcus aureus (MRSA)

Jan and Burope (5-7). MDR A

via cause asignificant proportion of hospital-

has emerged as epidemic in
many countries (8). MDR bacteria are gen-

*Seealso p. 1333,
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erally | from patient-to-patient
in the healthcare system by transiently con-
taminated healthcare workers, equipment,
and the environment (9).

In multiple smaller studies, looking at
one or two organisms, different activities
have been associated with a greater likeli-
hood of healthcare worker (HCW) cloth-
ing contamination including contact with
wound dressing, artificial airways, side
rails, linens, infusion pumps, catheters or
drain, and direct patient contact includ-
ing performing a physical examination or
spending a longer duration in a room (4,
10, 11). Studies have not assessed com-
mon risk factors for contamination with
the most common MDR bacteria and have
been limited by clustering of patients or re-
L\al;d measurements of the same HCW. A.

Crit Care Med 2012 Vol. 40, No. 4

Crit Care Med 2012; 40:1045-1051

ii may be more likely than other

or sistant Ente ci (4).
Understanding factors that lead to contami-
nation of HCW clothing, and thus increase
potential for transmission, may help lead
to interventions to prevent transmission of
MDR bacteria. To our knowledge, no study
has assessed the importance of environmen-
tal contamination leading to contamination
of HCW clothing and thus the potential
causal role of the environment inpatient-
to-patient transmission of MDR bacteria.
To evaluate the differential rate of contam-
ination by MDR A. baumnannii compared with
other MDR bacteria as well as investigating
the importance of environmental contamin:
tion in the transfer of MDR bacteria to HCW
clothing, we studied a cohort of ICU-based
HCWs performing routine patient care.

METHODS

A cohert study was conducted at the 662-
bed University of Maryland Medical Center
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Gowns or Gloves

Hands Contaminated (95% confidence
Multidrug-Resistant Bacteria Before Room Entry? intervals)

Methicillin-resistant Staphylococcus aureus 3.2% (5/157) 13.8% (8.3% to 19.2%)
(23 patients)

Vancomycin-resistant Enterococci (27 0.6% (1/181) 13.9% (8.9% to 18.9%)
patients)

Multidrug-resistant Pseudomonas aeruginosa 3.4% (3/89) 17.4% (9.4% to 25.4%)
(13 patients)

Multidrug-resistant Acinetobacter baumannii 5.1% (9/176) 32.9% (25.8% to 40.0%)

(26 patients)

. A SAREEER
Crlt Care Med 2012, 401045_1051 = Beijing Tiantan Hospital
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Odds Ratio
Independent Variable (95% Confidence Interval)® p°
Positive multidrug-resistant bacteria 4.15 (2.66-6.47) <.001
environmental culture
Duration in room >5 mins 1.99 (1.15-3.43) 014
Performing physical examination 1.74 (1.10-2.77) 019
Contact with ventilator 1.78 (1.12-2.82) 014
| A AREEER
Crit Care Med 2012; 40:1045-1051 =
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Impact of closed versus open tracheal
suctioning systems for mechanically ventilated

adults: a systematic review and meta-analy

Abstract Purpose:  Whether
closed tracheal suctioning systems

CTSS) reduce the incidence of ven-
tilator-associated pneumonia (VAP)
compared with open tracheal suc-
tioning systems (OTSS) is
inconclusive. We conducted a sys-
tematic review and meta-analysis of
randomized centrolled trials that
compared CTSS and OTSS. Meth-
ods:  PubMed, the Cochrane Central
Register of Controlled Trials, the

f Google Scholar. and

cal trial registry from inception
to October 2014 were searched with-
out language restrictions.
Randomized controlled trials of
CTSS and OTSS that compared VAP
in mechanically ventilated adult
patients were included. The primary
outcome was the incidence of VAP.
Secondary outcomes were mortality
and length of mechanical ventilation.
Data were pooled using the random
effects model. Results:  Sixteen tri-
als with 1,929 participants were
included. Compared with OTSS,

CTSS was associated with a reduced
incidence of VAP (RR 0.69: 95 % CI
0.54-087; Q = 26.14; I* = 46.4 %)

Introduction

Ventilator-associated pneumonia (VAP) is one of the com-
men nosecomial infections in intensive care units (ICUs). It

Compared with OTSS, CTSS was not
associated with reduction of mortality
(RR 0.96; 95 % CI 0.83-1.12;

227; = 0.0 %) or reduced
length of mechanical ventilation
(WMD —0.45 days; 95 % CI —1.25
t0 0.36; Q = 6.37; 5.8 %). Trial
sequential analysis suggested a lack
of firm evidence for 20 % RR
reduction in the incidence of VAP
The limitations of this review inc!
ded undemeporting and low qu
the included trials. as well as va
tions in study procedures and
characteristics. Conclusions: Based
on current, albeit limited evidence, it
is unlikely that CTSS is inferior to
OTSS regarding VAP prevention
however, further trials at low risk of
bi as are needed to confirm or refute

pneumonia - Meta-analysis -
Systematic review - Trial
sequential analysis

and hospital stays [5, 6] and mortality [7, 8]. The annual cost
for VAP is considerable and approximated $3.0 billion USD

[9]. Thus, the prevention of VAP has substantial merits from
the clinical and societal perspectives.

is reported that 6-52 % of mechanically ventilated patients ~ Currently, two types of endotracheal suctioning sys-
develop VAP [1—4]. VAP is associated with prolonged ICU tems are available: closed tracheal suction systems

Intensive Care Med 2015; 41:402-411
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Outcome Population Summary estimate (95 % CI)
VAP Overall 0.69 (0.54 to 0.88)
Mixed ICU 0.63 (0.40 to 0.99)
Medical ICU 0.79 (0.42 to 1.47)
Surgical ICU 0.82 (0.53 to 1.25)
Uncertain 0.56 (0.40 to 0.79)
Mortality Overall 0.96 (0.83 to 1.12)
Mixed ICU 1.06 (0.83 to 1.37)
Medical ICU 0.91 (0.75 to 1.12)
Surgical ICU 0.91 (0.57 to 1.46)
Length of mechanical Overall —0.45 (—1.25 to 0.36)
ventilation Mixed ICU —0.55 (—1.68 to 058)
Medical ICU —0.37 (—=2.49 to 1.75)
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Duration of resuscitation efforts and survival after
in-hospital cardiac arrest: an observational study

Hayward,

tion (formerly the

chary D Goldberger, Paul'S Ch
HaranM Krumholz, Bra

National Registry of Cardiopulmonary Resuscitation) Investigaters*

L Kronick, Colin R Cooke, MingruiLu, Mousumi Banerjes, R

Robert A Berg, Ste

ation Get With The Guidelines

jee K Nallamothy, for

Summary

Background During in-hospital cardiac arrests, how long resuscitation attempts should be continued before
termination of efforts is unknown. We investigated whether duration of resuscitation attempts varies between
‘hospitals and whether patients at hospitals that attempt resuscitation for longer have higher survival rates than do
those at hospitals with shorter durations of resuscitation efforts.

Methods Between 2000 and 2008, we identified 64339 patients with cardiac arrests at 435 US hospitals within the Get
‘With The Guidelines—Resuscitation registry. For each hospital, we calculated the median duration of resuscitation
‘before termination of efforts in non-survivors as a measure of the hospital's overall tendency for longer attempts. We
used multilevel regression models to assess the association between the length of resuscitation attempts and risk-
adjusted survival, Our primary endpoints were immediate survival with return of spontaneous circulation during
cardiac arrest and survival to hospital discharge.

Findings 31198 of 64339 (48.5%) patients achieved retumn of spontaneous circulation and 9912 (15. 4%) survived to
discharge. For patients achieving return of spontaneous circulation, the median duration of resuscitation was 12 min
(IQR 6-21) compared with 20 min (14-30) for non-survivors. Compared with patients at hospitals in the quartile w
the shortest median resuscitation attempts in non-survivors (16 min [IQR 15-17]), those at hospitals in the quartile
with the longest attempts (25 min [25-25) had a higher likelihood of retur of spontaneous circulation (adjusted risk
ratio 112, 95% CI 1.06-1-18; p<0-0001) and survival to discharge (1-12, 1.02-1-23; 0-021).

Interpretation Duration of resuscitation attempts varies between hospitals. Although we cannot define an optimum
duration for resuscitation attempts on the basis of these observational data, our findings suggest that efforss to
systematically increase the duration of resuscitation could improve survival in this high-risk population.

Funding American Heart Association, Robert Wood Johnson Foundation Clinical Scholars Program, and the National
Institutes of Health.

MEMERAST . M2000-20084F

Introduction
Between one and five of every 1000 hospital inpatients
in developed countries are estimated to have a cardiac
arrest, and less than 20% of such patients survive to
discharge. One of the biggest challenges facing clin-
icians is the decision about when to stop resuscitation
efforts in patients who arrest. Clinicians are frequently
reluctant to continue efforts when return of spontaneous
circulation does not occur shordy after initiation of
resuscitation, in view of the overall poor prognosis for
such patients Furthermore, little empirical evidence is
available to guide clinicians about the appropriate length
of resuscitation attempts before termination of efforts
Thus, guidelines have not directly addressed this issue *
and clinicians rely largely on case series and expert
opinion to guide their practice.** Although this strategy
has probably led to substantial differences between
hospitals in the duration of resuscitation attempts in non
survivors, litfle is known about the extent of such variation
in routine practice and the potential relation with sutvival
We assessed patterns of duration of resuscitation
attempts and risk-adjusted survival at US hospitals. We

warw thelancet com Vol 380 October 27, 2012

Lancet 2012; 380:

focused on non-survivers to estimate each hospital's
overall tendency for practising long attempts before
termination of efforts. We then postulated that the
duration of resuscitation in non-survivors would vary
substantially between hospitals and that patients at
hospitals in which the duration of resuscitation
attempts was longer would have a higher likelihood of
return of spontaneous circulaton and survival to
discharge than would those at hospitals with shorter
resucitation attempts.

Methods

Data source

Get With The Guidelines—Resuscitation (previously
known as the National Registry of Cardiopulmonary
Resuscitation) is a large, multicentre observational registry
of in-hospital cardiac arrests that previous investigators™”"
have described in detail. Briefly, trained research per-
sonnel at participating hospitals prospectively collect
information about consecutive patients with in-hospital
cardiac arrests, which are defined by unresponsiveness,
apnoea, and the absence of a central palpable pulse. Cases

1473-81

4353 EEERT , $£643391F

NSRS ERIXR

7 | BEEMRERRLE

Bl BRT 1

RIZE B

Beijing Tiantan Hospital

= dem

P )



LIS HIFEEREERICIRE B 18
IMRIEERiEE S

Quartile 1 ( E75AESRE , 16min) , Quartile 4 ( E75AEREK , 25min)

Return of spontaneous circulation® Survival to discharget

Adjusted risk Adjusted pvalue  Adjusted risk Adjusted pvalue
ratio (95% Cl) rate ratio (95% Cl) rate

Quartile 1 (13994 patients  1-00 45-3% - 1-00 14-5%
at 113 hospitals)

Quartile 2 (18783 patients  1.04 (0-99-1-09) 47-0% 0-116 1-05(0-96-1-14) 152% 0-304

at 121 hospitals)

Quartile 3 (19106 patients  1-08 (1-03-1-13) 48-8% 0-002 1-05(0-96-1-14) 15-2% 0-280
at 107 hospitals)

Quartile 4 (12456 patients 112 (1-06-1-18) 50-7% <0-0001 112(1-.02-1-23) 162% 0-021
at 94 hospitals)

*p fortrend <0-0001. tp for trend 0-031.

Table 3: Return of spontaneous circulation and survival to discharge in all patients, by hospital quartile

A B EEER
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