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Abstract

Purpose: We examined the association between surveillance for deep vein thrombosis (BVT) among medical-surgi-
callcritically il patients by twice-weekly ultrasonography and 90- day all-cause|mortality.

Methods: This was a pre-planned sub-study of the Pneumatic Compression for Preventing Venous Thromboembo-
lism (PREVENT) trial (Clinicaltrials.gov: NCT02040103) that compared addition of intermittent pneumatic compression
(IPC) to pharmacologic prophylaxis versus pharmacologic prophylaxis alone. The surveillance group included enrolled
patients in the trial, while the non-surveillance group included eligible non-enrolled patients. Using logistic regres-
sion and Cox proportional hazards models, we examined the association of surveillance with the primary outcome of
90-day mortality. Secondary outcomes were DVT and pulmonary embolism (PE).

Results: The surveillance group consisted of 1682 patients and the non-surveillance group included3_83‘p_atients.
Using Cox proportional hazards model with bootstrapping, [surveillance was associated with a/decrease in[90-day
mortality (adjusted HR|0.75; 95% Cl 0.57, 0.98). Surveillance was associated with earlier diagnosis of DVT [(median

4 days (IQR 2, 10) vs. 20 days (IQR 16, 22)] and _PE [median4(days (IQR 2.5, 5) vs.ﬂdays (IQR 6.1, 28.9)]. There was an
increase in diagnosis| of DVT (adjusted HR|5:49; 95% Cl 2.92, 13.02) with|no change in frequency in diagnosis of PE
(adjusted HR 0.56; 95% C1 0.19, 1.91).

Conclusions: [Twice-weekly surveillance ultrasonography was associated with an|increase in DVTbetchon reduc-
tion in diagnostic testing for non-lower limb DVT and PE, earlier diagnosis of DVT and |PE, and lower 90-day mortality.

Trial registration: The PREVENT trial is registered at ClinicalTrials.gov, ID: NCT02040103. Registered on 3 November
2013; Current controlled trials, ID: ISRCTN44653506. Registered on 30 October 2013.
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Tweet Surveillance ultrasonography was associated with an increase in
DVT detection, earlier DVT and PE diagnosis, and lower mortality.
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Introduction

Deep vein thrombosis (DVT) is often undetected in criti-
cally ill patients and could lead to pulmonary embolism

(PE) with associated morbidity and mortalig [1, 2]. A sys-
tematic review demonstrated that PE'is a leading cause of
autopsy-confirmed potentiall fatam
sive care uni patients [3, 4]; Studies have confirmed
the poor performance of history and physical examina-
tion for detecting DVT in ICU patients [4]. A retrospec-
tive study in hospitalized trauma patients who underwent
once-weekly surveillance ultrasonography found that

of identified m were not clinically| suspected [5].

s such, surveillance using lower limb ultrasonography
has been proposed to detect silent DVT. Data from rand-
omized controlled trials in |critically ill patients that con-
ducted surveillance for DVT reported imuch higher DVT
incidence| than what has been tradithy re;m in
non-surveillance studies [6—8].

With earlier identification of silent DVT, surveillance
ultrasonography may reduce the incidence of PE and con-
sequently reduce morbidity and mortality in critically ill
patients. However, the evidence supporting this premise in
ICU patients is limited. Studies that examined the effect of
surveillance on mortality were conducted mainly in neuro-
surgical and trauma ICU populations and generally showed
that surveillance for DVT was associated with increase in
the rate of DVT diagnosis, with inconsistent effects on the
rate of PE diagnosis and on mortality [9-14]. These studies
were mostly single-center studies and often had historical
control groups. In addition, the baseline mortality in neu-
rosurgical and trauma ICU populations is generally low
and therefore, these studies had limited power to detect a
difference in mortality and had limited generalizability to
general ICU patients with higher risk of death.

The objective of this pre-planned sub-study was to exam-
ine the association between surveillance for DVT by twice-
weekly ultrasonography and 90-day all-cause mortality
among critically ill medical-surgical patients. Compared
to no surveillance, we hypothesized that surveillance for
DVT by twice-weekly ultrasonography in this population
would be associated with lower mortality by facilitating
earlier diagnosis and treatment of venous thromboembo-
lism (VTE) [15].

Methods

The PREVENT trial

The PREVENT |trial (the Pneumatic Compres-
sion for Preventing Venous Thromboembolism trial,

Take-home message

In general ICU patients
was associated with an increase in deep vein thrombosis detection,

earlier deep-vein thrombosis and pulmonary embolism diagnosis,
and_

Clinicaltrials.gov: NCT02040103 and Current controlled
trials: ISRCTN44653506) [16, 17] evaluated whether
adjunctive intermittent pneumatic compression (IPC)
combined with pharmacologic thromboprophylaxis with
unfractionated heparin (UFH) or low-molecular-weight
heparin (LM@ compared to pharmacologic thrombo-
prophylaxis reduced incident [proximal lower limb DVT.
Adult medical, surgical, or trauma ICU patients were
enrolled if they weighed at least 45 kg, were expected
to stay in the ICU for at least 72 h, and were eligible for
pharmacologic thromboprophylaxis with either UFH or
LMWH. Exclusion criteria are listed in Table S2 in the
Supplementary Appendix. Trial results demonstrated
that jadjunctive IPC did not result in reducing incident
proxﬁ leg DVT [18]. Patients in the PREVENT trial
underwent twice-weekly surveillance ultrasonography as
part of the study procedures.

Patients

In this [sub-study, we included data from ten participat-
ing sites that had ethics approval to collect minimal
data on [eligible non-enrolled patients and included at
least five eligible non-enrolled patients. The surveillance
group included patients who were enrolled in the PRE-
VENT trial and included in the modified intention-to-
treat cohort [18]. The non-surveillance group included
eligible non-enrolled patients, except those who declined
informed consent and did not give permission for data
collection (Fig. 1). Patients in the non-surveillance group
included patients who were unable to give consent and
had no available substitute decision maker, unable to pro-
vide consent within the randomization window of 48 h
from ICU admission, co-enrolled in trials with biologic
interaction, not enrolled because either the ICU physi-
cian or another treating clinician refused enrollment, and
those in whom informed consent was declined but with
agreement to collect minimal observational data.

Ultrasonography procedures
In the surveillance group, lower limb ultrasonography
was performed within 48 h of enrollment then twice
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Patients
2003

20 Participating sites

Surveillance group
504 Non-surveillance group

Y

Excluded

Included
10 Participating sites

Patients » 5  Sites with < 5 eligible non-
1682  Surveillance group enrolled patients
383 Non-surveillance group

Patients

5  Sites with no IRB approval
for data collection on
eligible non-enrolled
patients

321 Surveillance group
121 Non-surveillance group

Surveillance group
(n=1682)

0 Loss to 90-day follow-up
1682 Analyzed for primary outcome
1682 Analyzed for secondary outcomes

Non-surveillance group
(n=383)

14 Loss to 90-day follow-up
369 Analyzed for primary outcome
383 Analyzed for secondary outcomes

Fig. 1 Flow diagram of study patients. The surveillance group included patients in the modified intention-to-treat cohort of the PREVENT trial

weekly afterwards up to 28 days, diagnosis of DVT,
diagnosis of PE, death, or discharge from ICU which-
ever came first. In the non-surveillance group, ultra-
sonography was requested by the treating team based
on clinical suspicion. In both groups, ultrasonography
was performed by certified ultrasonographers and inter-
preted by local or radiologists at participating sites.

Data

We collected baseline data including demographics,
severity of illness and pre-ICU VTE risk factors [15].
We documented data on the main exposure, lower limb
ultrasonography and the number of tests performed per
patient. We documented the following co-interventions:
the type of pharmacologic thromboprophylaxis (UFH
or LMWH) and the presence of femoral central venous
catheter (CVC) at baseline. We recorded IPC use (for
at least 1 day), graduated compression stockings (GCS)
application (for at least 1 day), and therapeutic antico-
agulation during ICU stay. We recorded the number
of all other radiologic tests performed for VTE detec-
tion during ICU stay including upper limb and neck
ultrasonography, spiral computed tomography (CT) to
evaluate for PE, ventilation—perfusion (V/Q) scan of the
lungs, CT scan of the abdomen to evaluate thrombosis,

transthoracic echocardiogram and transesophageal
echocardiogram. The primary outcome was 90-day all-
cause mortality. Secondary outcomes included lower
limb DVT, PE, ICU and hospital length of stay, and ICU
and hospital mortality. Because mortality is a competing
risk for VTE, we also evaluated ICU-free days (in the first
28 study days) and ICU and hospital length of stay among
survivors.

Statistical analysis
We conducted analyses as per the previously published
study protocol and statistical analysis plan [15]. All analy-
ses were conducted using SAS software, version 9.4 (SAS
Institute, Cary, NC, USA). We compared surveillance
group with non-surveillance group using Student’s ¢ test
or the Mann—Whitney U test for continuous variables
based on normality assumption and the Chi-square test
(alternatively Fisher’s exact test for expected values<5)
for categorical variables. We compared the outcomes
between the surveillance and non-surveillance groups
and reported the results as odds ratio (OR) with 95% con-
fidence interval (CI).

Because the assignment to surveillance and non-
surveillance group was not random, we assessed the
association of surveillance with mortality, DVT and PE
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using generalized linear mixed model with the follow-
ing pre-defined co-variables: type of pharmacologic
thromboprophylaxis received (UFH/LMWH), IPC use,
GCS use, acute physiology and chronic health evaluation
(APACHE) 1II score, and the presence of femoral CVC
at baseline. We also included the presence or absence
of chronic health illness (as defined in APACHE II sys-
tem) as a co-variable, because it had a significant asso-
ciation with exposure on univariable analysis (p<0.1) as
indicated in the published statistical analysis plan and
because of its possible association with outcomes [15].
In these models, we accounted for clustering by trial site
incorporated as random effect using RANDOM state-
ment. To account for time to event, we evaluated the
association of surveillance with mortality, DVT and PE
using Cox proportional hazards model, adjusting for
the same co-variables mentioned earlier. For the mor-
tality outcome, we accounted for clustering by trial site
incorporated as random effect. For DVT and PE, we
accounted for mortality as a competing outcome using
Fine—Gray competing risk regression model. To test the
stability of these Cox proportional hazards models, we
performed bootstrap techniques using 1000 resamples
and we reported the 95% CI using the percentile boot-
strap method.

We tested the association of surveillance with continu-
ous outcomes (ICU LOS, ICU-free days, hospital LOS)
using negative binomial mixed-effects regression models,
adjusting for the same co-variables and for clustering by
trial site incorporated as random effect.

Pre-defined subgroup analyses for the primary out-
come of 90-day mortality were performed for the fol-
lowing subgroups: patients receiving UFH or LMWH,
presence of femoral CVC at baseline, medical admis-
sion or surgical trauma admission, body mass index (< 30
or >30), APACHE II score (<20 and >20), presence or
absence of chronic respiratory/cardiovascular illness, and
participating countries (Table 4). For these analyses, we
used generalized linear mixed model and Cox propor-
tional hazards model using the same approach outlined
above for the whole cohort. We included interaction
terms to assess effect modification of the subgroups on
the association between the exposure and outcome. We
did not impute for missing values. We considered p val-
ues < 0.05 to be statistically significant.

Results

Baseline characteristics

The surveillance group consisted of[1682 patients, while
the mon-surveillance group had 383 patients (Fig. 1).
Table 1 shows the characteristics of patients at baseline.
Patients in the surveillance group were|older|(58.6 +20.6
vs. 54.1 +19.6 'years, p<0.0001), more likely'to be males

(57.1% vs. 56.9%, p 0.94), and had lower APACHE II
scores (20.7+7.2 vs. 22.0+7.7, p 0.0005) compared to
non-surveillance patients. They were also less likely to
have chronic health illnesses (47.1% vs. 53%, p 0.04) and
pre-ICU VTE risk factors (43.6% vs. 53.8%, p 0.0003)
and were more likely to have lower creatinine levels
[90 umol/L (IQR 62, 171) vs. 106.5 pumol/L (IQR 71, 172)
p 0.004] and alfemoral CVC at baseline (15.3% vs. 9.4%, p
0.003) comparato%—surveillance patients.

Co-interventions

The use of UFH and LMWH thromboprophylaxis was
not different between the two groups| (Table 2). IPC use
in the surveillance group was 54.6% compared to 30% in
the non-surveillance group (p <0.0001) while GCS were
infrequently used in both groups (1% vs. 0.8%, p >0.99,
respectively), At least one lower limb ultrasonography
was performed in 98.2% of patients in the surveillance
group compared to 27.7% in the non-surveillance group
(<0.0001). The median number of lower limb ultra-
sonography performed per patient in the surveillance
group was 2 (IQR 1, 4) compared with 0 (IQR 0, 1) in
the non-surveillance group (p <0.0001).

Primary outcome: 90-day mortality

At 90| days, 424/1682 patients (25.2%) in the surveil-
lance group and 83/369 patients (22.5%) in the ‘non-
surveillance group had died (crude OR 1.16; 95% CI
0.89, 1.52; p 0.27). Using generalized linear mixed mod-
eling, surveillance ultrasonography was not associated
with lower 90-day mortality (adjusted OR 0.87; 95% CI
0.63, 1.20; p 0.39). However, using time-to-event analy-
sis with Cox proportional hazards model, surveillance
ultrasound was associated with lower 90-day mortal-
ity (adjusted HR 0.75; 95% CI 0.57, 0.99; p 0.04). When
bootstrapping techniques were used for Cox propor-
tional hazards model, surveillance ultrasonography was
associated with [lower 90-day mortality (adjusted HR
0.75; 95% CI 0.57-0.98, Tables 3 and S4).

Deep vein thrombosis and pulmonary embolism

In the surveillance| group, DVT| was |diagnosed ear-
lier compared to the non-surveillance group [median
4 days (IQR 2, 10) vs. 20 days (IQR 16, 22), p <0.0001)]
and more frequently [162 of 1682 patients Vs.
10 of 382 (2.6%), crude OR 3.96; 95% CI 2.07, 7.58;
p<0.0001]. The three statistical approaches with
adjustment (generalized linear mixed model, Cox pro-
portional hazards model, and Cox proportional hazards
model with bootstrapping) all were consistent in show-
ing an increase in DVT detection with surveillance
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Table 1 Baseline characteristics of patients who had twice-weekly surveillance ultrasonography and those who did not

Surveillance group Non-surveillance group p value
(N=1682) (N=383)
Age (years)—mean (SD) 586+206 541£196 <0.0001
Male sex—n (%) 961 (57.1) 218 (56.9) 094
BMI (kg/m?)—mean (SD) 289184 282492 0.02
Location prior to ICU admission—n (%)
Emergency room 852 (50.7) 250 (65.3) <0.0001
Hospital ward 549 (32.6) 86 (22.5)
Operating room 151 (9.0) 24(6.3)
Other hospital (ICU or ward) 124 (7.4) 14 (3.7)
Other 6(0.4) 9(23)
Admission category—n (%)
Medical 1310 (77.9) 307/380 (80.8) 045
Surgical 229 (13.6) 46/380 (12.1)
Trauma 143 (8.5) 27/380(7.1)
APACHE Il—mean (SD) 20.7+7.2 220477 0.0005
Chronic health illnesses—n (%)
None 792 (47.1) 203 (53.0) 0.04
Chronic respiratory disease 347 (20.6) 70(18.3)
Chronic cardiovascular disease 318(18.9) 77 (20.1)
Chronic renal disease 236 (14.0) 33(8.6)
Immunosuppression 174 (10.3) 26 (6.8)
Chronic liver disease 43 (2.6) 21(55)
Pre-ICU VTE risk factors—n (%)
None 734 (43.6) 206 (53.8) 0.0003
Hospitalization in the past 3 months for any reason (excluding this hospital admission) 414 (24.6) 60 (15.7)
Paralysis or immobilization of a lower or upper extremity related to stroke or injury prior to this hospital 200 (11.9) 22(5.7)
admission
Active malignancy (treatment within past 6 months or palliation) 158 (9.4) 14 (3.7)
Recent surgery (in the last 48 h) 152 (9.0) 27 (7.0)
Acute stroke (this hospital admission) 78 (4.6) 6(1.6)
Trauma 50 (3.0) 6(1.6)
History of malignancy (past 5 years; other than non-melanoma skin cancer) 31(1.8) 7(1.8)
Personal history of VTE 19 (1.1) 7(1.8)
Family history of VTE 2(0.1) 0
Known thrombophilic state 2(0.1) 1(0.3)
Post-partum (within 3 months) 2(0.1) 0
Estrogen therapy 1(0.1) 1(03)
Others 46 (2.7) 55 (14.4)
Laboratory results prior to randomization—mean (SD)
INR 12+£04 12£05 0.01
Creatinine (umol/L)—median (IQR) 90.0 (62.0,171.0) 106.5 (71.0, 172.0) 0.004
Platelets (10%/L) 2529+£1287 2309+1185 0.004
PTT 33.1£102 314+£138 0.0007
Hemoglobin (g/L) 1066+£95.7 1132+£274 <0.0001
Central femoral venous catheter—n (%) 258 (15.3) 36 (94) 0.003

To convert the values for creatinine to micromoles per liter, multiply by 88.4

For continuous variables, the following have missing values: BMI (n = 2); APACHE Il score (n=1); INR (n=205); creatinine (n = 150); platelets (n=155); PTT (n=212);
hemoglobin (n=154)

For categorical variables that have missing values, we reported data as numerators and denominators. Other variables do not have no missing values
Continuous variables were compared using Mann-Whitney U test
Categorical variables were compared using Chi-square test

SD standard deviation, BMI body mass index, APACHE acute physiology and chronic health evaluation, INR international normalized ratio, PTT partial thromboplastin
time, VTE venous thromboembolism
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Table 2 Summary of interventions and co-interventions among patients who had twice-weekly surveillance ultrasonog-

raphy and those who did not

Non-surveillance

Surveillance group

p value

Use of IPC at least for 1 day—no. (%)
Use of graduated compression stockings—no. (%)
Pharmacologic thromboprophylaxis
Prophylactic UFH
Prophylactic LMWH
Diagnostic testing, n (%)
Patients with at least one ultrasonography—n (%)
Median number of lower limb ultrasound per patient—median (IQR)

Ultrasonography for upper extremities and neck to evaluate for thrombosis—n (%)

Patients with spiral CT of chest to evaluate for PE—n (%)

Patients with V/Q scan of the lungs—n (%)

Patients with CT scan of the abdomen to evaluate thrombosis—n (%)
Patients with transthoracic echocardiograms—n (%)

Patients with transesophageal echograms—n (%)

(N=1682) group (N=383)

919 (54.6) 115 (30.0) <0.0001
16 (1.0) 3(0.8) >0.99°
1025 (60.9) 243 (63.4) 0.36
657 (39.1) 140 (36.6)

1652 (98.2) 106 (27.7) <0.0001
2(1,4) 0@ M <0.0001
31(1.8) 26 (6.8) <0.0001
68 (4.0) 47 (12.3) <0.0001
1(0.1) 0(0) >0.99°
70 (4.2) 21 (5.5 0.26
224 (13.3) 114 (29.8) <0.0001
10 (0.6) 8(2.1) 0.005

Continuous variables were compared using Mann-Whitney U test

Categorical variables were compared using Chi-square test except for the p value labeled with ? indicating the use of Fisher’s exact test

There are no missing values in this table

IPC intermittent pneumatic compression, UFH unfractionated heparin, LMWH low-molecular-weight heparin, PE pulmonary embolism

ultrasonography (for Cox proportional hazards mod-
els with bootstrapping: aHR 5.49; 95% CI 2.92, 13.02,
Table 3).

In the surveillance group compared to the non-sur-
veillance group, PE was diagnosed earlier [median 4 days
(IQR 2.5, 5) compared with 7.5 days (IQR 6.1, 28.9), p
0.045], although the number of PE events did not dif-
fer statistically [16 of 1682 patients (1%) compared to 6
of 382 (1.6%), crude OR 0.60; 95% CI 0.23, 1.55; p 0.29].
The three statistical approaches for adjustment showed
no difference in the frequency of PE diagnosis between
groups.

Diagnostic tests for venous thromboembolism

The surveillance group compared to non-surveillance
had fewer ultrasonography tests of the upper extremi-
ties and neck to evaluate for thrombosis (1.8% vs.
6.8%, p<0.0001), spiral CTs of the chest (4% vs. 12.3%,
p<0.0001), transthoracic echocardiograms (13.3% vs.
29.8%, p<0.0001), and transesophageal echocardiograms
(0.6% vs. 2.1%, p 0.005), respectively (Table 2).

Secondary outcomes

Surveillance| ultrasonography was associated with lower
mortality (Table 3). Hospital mortality, ICU-free

days, ICU length of stay among survivors, and hospi-

tal length of stay among survivors were not different

between the two groups (Table 3).

Subgroup analyses

Subgroup analyses demonstrated no heterogeneity in the
association between surveillance and 90-day mortality
with the exception to subgroups by APACHE II (Table 4).
Surveillance was associated with a significant reduction
in 90-day mortality among patients with APACHE II> 20
but not among those with APACHE I1<20 (p value for
interaction 0.01).

Discussion
Our study showed that twice-weekly surveillance ultra-
etection, w DVT and PE diagnosis, reduced diag-

nostic testing for PE and non-lower limb DVT, and lower

90-day mortality.
—_—
ompression

T ultrasonography is noninvasive and
hlgy;m m for the diagnosis of lower
limb DVT in symptomatic patients [19-21], although it
may be less sensitive in patients who do not have symp-
toms [22]. However, it is still debated as to whether
or not critically ill patients should be systematically
screened for DVT using compression ultrasonography
[4, 23-25]. Studies have demonstrated that surveillance
ultrasonography in trauma and neurologic ICU patients
is associated with increased detection of DVT. The effect
of surveillance ultrasonography on PE was not consistent
across studies with some studies showing a reduction in
PE, while others showed no change and some suggesting
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Table 3 Association of surveillance ultrasonography with outcomes

Non-surveil-
lance group
(N=383)

Surveil-
lance group

(N=1682) (95% CI)®

Generalized linear
mixed model, aOR

p value Cox proportional
hazards model,

aHR (95% CI)®

p value Cox proportional
hazards model
with bootstrapping,

aHR (95% Cl)

90-day mortality— 424/1682 (25.2)  83/369" (22.5) 0.87 (0.63, 1.20)
n (%)
All proximal DVT 162/1682 (9.6) 10/3828 (2.6) 3.64 (1.82,7.28)
(all proximal and
distal)—n/N (%)
Time to DVT 4(2,10) 20 (16, 22) -
(days)—median
(IQR)
Pulmonary embo- 16/1682 (1.0) 6/382 (1.6) 0.28 (0.08, 1.00)
lissn—n/N (%)
Time to PE (days)— 4 (2.5,5) 7.5(6.1,28.9) -
median (IQR)
ICU mortality—n (%) 245/1682 (14.6) 61/383 (15.9) 0.64 (0.44,0.92)

Hospital mortality—  439/1682 (26.1)  83/383 (21.7)

n (%)

Negative binomial mixed-effects regression model, estimate (standard error)©

ICU LOS (days)— 8(5,16) 10(6,17) —0.07 (0.06)
median (IQR)

ICU LOS among 8(4,14) 10 (6, 16) —0.10(0.07)
survivors

ICU-free days 18(0,23) 16 (0, 21) 0.12 (0.08)

Hospital LOS 20 (11, 45) 16 (10,31) 0.17 (0.07)
(days)—median
(IQR)

Hospital LOS 20(11,48) 17 (10, 31) 0.14 (0.08)

among survivors

0.95(0.69,1.32)

039  075(057,099) 0.04 075 (0.57,098)
00003 522 (256,1063) <00001 549(2.92,13.02)
0051  053(0.20,136) 019 056 (0.19,191)
002  071(051,099) 004 069 (051,097)
078  078(059,1.02) 007 077 (0.58,1.04)
027 - - _

015 - - -

014 - - -

001 - = =

006 - - -

aOR adjusted odds ratio, aHR adjusted hazards ratio, DVT deep vein thrombosis, PE pulmonary embolism, LOS length of stay

A 90-day mortality was not available for 14 patients in the non-surveillance group as they were lost to follow-up

B DVT data were not available for one patient in the non-surveillance group

2 Generalized linear mixed model was used to evaluate the association of surveillance with mortality, DVT and PE adjusting for the following co-variables: type
of heparin (UFH/LMWH), IPC use, GCS use, APACHE Il score, presence of femoral central venous catheter at baseline and the presence chronic health illness and

accounting for clustering by trial site incorporated as random effect

b Cox proportional hazards model was used to evaluate the association of surveillance with time to mortality, DVT and PE adjusting for the same co-variables listed
above. For the mortality outcome, we accounted for clustering by trial site incorporated as random effect. For deep vein thrombosis and pulmonary embolism, we
accounted for mortality as a competing outcome using Fine-Gray competing risk model

¢ The association of surveillance with continuous outcomes (ICU LOS, ICU-free days, hospital LOS) was assessed using negative binomial mixed-effects regression
model, adjusting for the same co-variables, and for clustering by trial site incorporated as random effect

an increase in PE detection [9-13]. Conversely, data on
the association of surveillance ultrasonography with
mortality are limited with some studies showing no dif-
ference and others not reporting mortality at all [9-13].
Surveillance ultrasonography was associated with
e?mlagnosis of DVT and PE! The observed reduc-
tion in testing for PE might be a surrogate for fewer
cases of clinically suspected PE. One potential expla-
nation for our findings is that earlier DVT and PE
detection and treatment translated into a reduction
in mortality. However, the number of PE detected
cases does not necessarily reflect PE incidence in the
ICU, since testing for PE was based on clinician suspi-
cion and there is no widely accepted and standardized

approach for screening critically ill patients for PE. In
addition, the low incidence in our study may reflect
the fact that all patients were receiving pharmacologic
thromboprophylaxis. Finally, another potential expla-
nation is that earlier diagnosis and treatment of DVT
might have reduced the need to conduct further inves-
tigations to detect PE.

It is unclear whether equipoise exists regarding the role
for surveillance ultrasonography in critically ill patients.
On one hand, surveillance ultrasonography may reduce
mortality that results from undiagnosed DVT and subse-
quent PE. On the other hand, surveillance ultrasonogra-
phy may detect asymptomatic s of unknown clinical
signﬁnce, leading to “Overtreatment” with therapeutic
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Table 4 Association of surveillance ultrasonography with 90-day mortality among subgroups, using generalized linear
mixed model and Cox proportional hazards model

Surveil- Non-surveil- Generalized linear pvalue p value Cox proportional  pvalue p value
lance group lance group mixed model, aOR for interac- hazards model, for inter-
(N=1682) (N=383) (95% Cl) tion aHR (95% CI) action
UFH 301/1025 (294)  60/229 (26.2) 0.95 (0.65, 1.39) 0.79 031 0.80(0.58,1.10) 0.17 0.50
LMWH 123/657 (18.7)  23/140 (16.4) 0.69 (0.37,1.28) 0.24 0.66 (0.39, 1.11) 0.12
Femoral CVC at 81/258 (31.4) 13/36 36.1) 0.73(0.31,1.69) 045 0.64 0.52(0.27,1.03) 0.06 0.38
baseline
No femoral CVCat ~ 343/1424 (24.1) 70/333 (21.0) 0.93 (0.66, 1.32) 0.69 0.81(0.61, 1.09) 0.17
baseline
Trauma/surgical 42/372(11.3) 7/72(9.7) 06 (0.41,2.71) 0.90 0.87 0.77 (0.33, 1.80) 0.55 0.90
Medical 382/1310(29.2)  76/295 (25.8) 0.87(0.62,1.23) 043 0.78 (0.58, 1 03) 0.08
BMI<30 279/1070 (26.1)  52/246 (21.1) 0.89 (0.58, 1.35) 0.58 0.70 0.75(0.53, 1.07) (AN 0.96
BMI> 30 145/611 (23.7)  30/122 (24.6) 0.93 (0.56, 1.55) 0.79 0.81(0.53,1 24) 033
APACHEII > 20 242/868 (279)  69/225 (30.7) 0.68 (0.46, 1.00) 0.05 0.01 61 (0.44,0.83) 0.002 0.003
APACHE Il <20 182/814 (224)  14/144(9.7) 1.62 (0.85, 3.08) 0.14 1.36 (0.75, 2.47) 0.31
With chronic respira-  156/583 (26.8) ~ 27/127 (21.3) 08 (0.63, 1.86) 0.77 031 0.86 (0.55, 1.36) 0.52 042
tory or cardiovas-
cularillnesses
Without chronic 268/1099 (24.4) 56/242 (23.1) 0.75 (050, 1.13) 017 0.67 (0.48,0.94) 0.02
respiratory or
cardiovascular
illnesses
Saudi Arabia 409/1485 (27.5)  49/203 (24.1) 1.03(0.71,1.48) 09 0.28 0.77 (0.56, 1.05) 0.09 0.92
Canada 15/69(217)  32/112(286) 0.32(0.13,0.80) 0.01 0.52 (026, 1.06) 007
India 0/128(0.0) 2/54 (3.7) - - - -

Generalized linear mixed model was used to evaluate the association of surveillance with 90-day mortality adjusting for the following co-variables: type of heparin
(UFH/LMWH), IPC use, GCS use, APACHE Il score, presence of femoral central venous catheter at baseline and the presence of chronic health illness and accounting for
clustering by trial site incorporated as random effect

Cox proportional hazards model was used to evaluate the association of surveillance with time to 90-day mortality adjusting for the same co-variables listed above

90-day mortality was not available for 14 patients in the non-surveillance group as they were lost to follow up. BMI data were not available for two patients and
admission diagnosis category (trauma, surgical/medical) was not available for three patients

p value for interaction is the test of interaction between exposure (surveillance and non-surveillance) and each subgroup
Please refer to Methods section and footnote of Table 3 for details of the model

aHR adjusted hazards ratio, aOR adjusted odds ratio, BMI body mass index, CVC central venous catheter, LMWH low-molecular-weight heparin, PE pulmonary
embolism, UFH unfractionated heparin

anticoagulation, and exposing critically ill patients to
treatment complications and added cost. Previous stud-
ies in [trauma and neurosurgical patients did not show
mortality reduction. However, the baseline imortality in
these studies was low ranging from 3 to 9% [9-14]. In
contrast, our study, which included medical-surgical ICU
patients with a higher baseline mortality rate, showed
that surveillance ultrasonography was associated with
lower mortality. This finding was further supported by
a subgroup analysis that showed that patients with high
APACHE II and|not those with low| APACHE II had mor-
ality reduction.

We used different statistical models to assess the asso-
ciations of the surveillance and different outcomes (90-
day mortality, DVT and PE) namely a generalized linear
mixed model and a Cox proportional hazards model
and assessed the robustness of the latter analysis using

bootstrapping techniques. In these models, we accounted
for pre-defined confounders. We also accounted for the
competing effect of mortality on DVT and PE and for
clustering by study sites. The point estimates across the
three models were relatively comparable and the differ-
ences in confidence intervals may reflect the number of
events. The Cox proportional model with bootstrapping
probably provides the best estimate as it accounts for
potential confounding, time to event, and utilizes a resa-
mpling technique. Nevertheless, all of these estimates
should be considered hypothesis generating and require
validation in a prospective randomized controlled trial.
Our study has several strengths. First, this sub-study
was pre-specified. Second, our study was not limited to
trauma and neurosurgical patients but rather is general-
izable to patients found in general mixed medical-surgi-
cal ICUs. Third, it includes/multicenter and multinational
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data which further enhances the generalizability of our
findings. Fourth, the protocol participants in the PRE-
VENT trial received twice-weekly ultrasonography and
we documented high protocol adherence [18]. Fifth,
data on surveillance and non-surveillance patients were
obtained in the context of a contemporaneous, prospec-
tive parallel design RCT, as opposed to a historical con-
trol study, reducing the potential confounding effects
related to changes in treatment and standard of care over
time.

Our study also has limitations. First, a main limitation
of this observational study is the non-random|assignment
leading to imbalance between surveillance and non-
surveillance groups and raising concerns regarding the
potential effect of measured and unmeasured confound-
ers on outcomes. To this end, we identified several poten-
tially important imbalances between the surveillance and
non-surveillance groups including lower APACHE score,
tendency to have chronic illness, fewer pre-ICU VTE risk
factors, and lower creatinine levels. Second, we did not
have data regarding complications of therapeutic antico-
agulation, Consequently, our study wasm
m compare differences in com lim

'been detected. Third, we cannot separate increased DVT
detection with scheduled screening from the actions
taken by clinicians in response to positive test results and
the impact of treatment decisions on outcomes in our
study. Fourth, our data come from only 10 of the 20 par-
ticipating sites in the PREVENT trial. The comparatively
small number of non-enrolled patients versus enrolled
patients available for analysis likely limited the power of
our study. Fifth, due to the nature of limited data in the
non-surveillance group, time-dependent co-variables
were not available. For example, we had data on femo-
ral central venous catheter insertion on admission, but
not throughout the ICU course in the non-surveillance
group. We did not have detailed physiologic parameters
about chronic health illnesses and their severity. Sixth,
the observed differences in the associations across differ-
ent models highlight the effects of confounding. There-
fore, we think that this observational study, like all other
prior observational studies addressing this question, can-
not be used to establish causality or to inform a change in
clinical practice. Nevertheless, the question of using sur-
veillance ultrasonography in high-risk medical-surgical
patients is an important one and has not been addressed
before. In addition, the findings of |benefit from early
detection of DVT are biologically plalm In this light,
our findings should be considered as [hypothesis gen-
erating! It is our hope that these findings will stimu-
late dialogue about the role for surveillance ultrasound
in the ICU and provide the rationale for conducting a

large-scale randomized controlled trial on this topic. This
research question is particularly relevant today with the
wide availability of point-of-care ultrasonography.

In conclusion, twice-weekly surveillance ultrasonog-
raphy in medical-surgical ICU patients was associated
with an increase in DVT detection, earlier diagnosis of
DVT and PE, reduction in diagnostic testing for PE and
non-lower limb DVT, and lower 90-day mortality. These
hypothesis-generating findings should be tested in a pro-
spective randomized controlled trial.
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