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ABSTRACT
VENOUS THROMBOEMBOLISM: A CASE-CONTROL STUDY OF PAENTS IN THE
NEUROSCIENCE INTENSIVE CARE UNIT
Rachel H. Wolfson, Mark D. Siegel. Section of Puhary and Critical Care, Department of Internal

Medicine, Yale University, School of Medicine, Névaven, CT.

Venous Thromboembolism (VTE), including deep wkirombosis (DVT) and pulmonary embolism
(PE), is a significant source of morbidity and rabty in hospitalized patients. However, despitepée
research into VTE in hospitalized subpopulatiomsically ill patients with primary neurological sthrders
have been insufficiently studied. We hypothesitieat there is a high incidence of VTE in the NICU
despite a high thromboprophylaxis rate and tha pipulation would carry a unique set of risk fagto
Our goal was to identify those patients at higligt for VTE who may then be served by more aggvessi
screening and thromboprophylaxis.

We performed a retrospective chart review and-casérol study of patients admitted to the NICU
of a major urban hospital for three or more daytywieen 2001 and 2005. The two groups were matched,
2:1 (two controls per case), based on year of talsgischarge and presence of surgical intervention

The incidence of VTE in the NICU was 9.5% (125 bf318 patients), despite an overall
thromboprophylaxis rate of 97.6%. 55% of DVTs wir¢éhe upper and 45% in the lower extremity. 48 PE
patients had PE. Univariate analysis utilizingO% as a statistical threshold revealed 12 factors
associated with VTE. These factors were enterenl anmultivariable analysis logistic regression, atthi
yielded 5 factors that remained independently WiTlE: higher rates were associated with use of &rakn
venous catheter (OR:2.5, Cl: 1.4 — 4.6, p=0.008griavenous malformation (OR:4.9, CI: 1.2 — 20.1,
p=0.026), prior VTE (OR:5.6, 1.4 — 22.4, p=0.01dhd mechanical ventilation (OR:2.1, CI: 1.1 — 4.2,
p=0.036). VTE prophylaxis was protective (OR:(C8, 0.0 — 0.9, p=0.043). In conclusion, VTE rengin
common among NICU patients despite a high rateroplpylaxis. Several factors appear to be assatiate
with VTE in this population. Future studies areethed to validate the association between theserfact
and VTE and to determine if more aggressive suargie and prophylaxis can decrease the frequenty an

complications associated with VTE.
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INTRODUCTION

History

Venous thromboembolism (VTE) is a spectrum of diseancompassing deep
venous thrombosis (DVT) and pulmonary embolism (F€yipheral vascular disease has
been a long-known condition, first referenced i®ABC on the Ebers medical papyrus
of Egypt. In 1644, Schenk first observed venou®rtibosis when he described an
occlusion in the inferior vena cava (1). The aptadhat PEs most commonly originate
from clots in lower extremity veins, was originalbyoposed by Rudolf Virchow and
Armand Trousseau in 1846 (2). Virchow’s Triadsfidescribed in 1860, includes:
venous stasis, vessel wall injury and hypercoadeilatate, and is still considered the

primary mechanism by which venous thrombosis ocjs

Incidence

The precise incidence of DVT is unknown because d¢badition is often
misdiagnosed or is asymptomatic and may spontaheaasolve prior to reaching
medical attention. However, current estimateseptae incidence of VTE in the general
population around 117 per 100,000 people per y¢&rOVT per 100,000, 69 PE per
100,000) (4). Similarly, another study places th@dence at 100 VTE per 100,000
people, per year (5). A study of the Olmstead @guvinnesota population showed an
incidence of VTE of 1 per 1000 per year, consistsith prior studies (4). However,
estimates of the number of people developing DMirmually in the United Stateange
from 250,000 (6, 7) to two million (8, 9).

Among hospitalized patients, the incidence of DigTconsiderably higher and

varies widely, from 13 to 80%, depending on thecgmepopulation studied (10 - 12).



Without prophylaxis, the incidence of DVT has bestiown to be 10 to 20% among
general medicine and 10 to 40% among general fungatients, who were not receiving
thromboprophylaxis (13), and 40 to 60% among p#diespecifically undergoing

orthopedic surgery who did receive thromboprophglé4).

Among the ICU populations, the rates of DVT varydely. A study of the
incidence of DVT in Medical Intensive Care Unit (BW) patients demonstrated DVT in
33%, despite an overall prophylaxis rate of 61%).(1& study of Surgical Intensive Care
Unit (SICU) patients demonstrated a DVT rate of 13%). Finally, a study of critically
ill patients undergoing mechanical ventilation fof days showed a DVT rate of 23.6%,
despite a 100% of patients receiving prophylaxisisesiing of either SCDs or

subcutaneous heparin twice daily (11).

Multiple neurological and neurosurgical populatidres/e been studied thus far.
One prospective trial of patients suffering acuyimal cord injury demonstrated a DVT
rate of 26% without prophylaxis in the first two eks (16). The overall rate of DVT on
a general neurosurgical service was 4% (17). Ampaiients in neurorehabilitation,
11% had DVT and the rate was higher among patieibsbrain tumor and intracerebral

hemorrhage than with Traumatic Brain Injury (18).

Morbidity and Mortality

Estimates of hospitalizations related to DVTs plate rate at 270,000
hospitalizations per year in the United Statesl@®, Similarly, the Olmstead Co. study
extrapolated the number of hospitalizations related/TE in the U.S. at more than

250,000, making it a topic of economic importansenell (4,6). In fact, the 6-month



cost for inpatient treatment of DVT ranges from2%® - $17,168 per patient (20). An
estimated 60,000 to 100,000 Americans die eachfyear PE (9, 21) and approximately

10% of hospital deaths are attributable to PE (13).

Most DVTs are clinically silent. A study of majosauma patients found that only
1.5% of patients with DVT had any symptoms suggestf DVT, such as, pain,
swelling, erythema, or palpable cord, despite axiptal DVT (a clot affecting the
common or superficial femoral veins, or internakaternal iliac veins) rate of over 57%
(12). One study of recent stroke patients shovesthdwas the presenting manifestation
in 50% of patients with PE, verifying that VTE mdge clinically silent before
culminating in death (22). Although benefit hag been proven, these observations
suggest that routine screening for DVT in asymptionpatients may be valuable,
particularly in high-risk populations, because wajtfor symptoms to develop may cause
clinicians to miss the majority of DVTs and placatipnts at risk for potentially life-

threatening PE.

While most DVTs are clinically inapparent, they mdpecome clinically
important. While the morbidity associated withnaally silent DVT is unknown, the
morbidity associated with apparent DVT is consid&raand includes swelling, erythema
and pain. Post-thrombotic syndrome may ultimatelgult and is characterized by
persistent swelling, pain, chronic ulcers and deéitreaAmong patients in the general
population with a history of DVT, the rate of pastombotic syndrome ranges from 22%
to 55% at 2 years, and over 29% at 8 years (23, 2d4)stroke patients who did not
progress to PE, those whose DVTs were untreated ehadte of post-thrombotic

syndrome approaching 90% (25).



In addition to the morbidity associated with DVlse thromboses may propagate
and eventually embolize to the pulmonary circulatieesulting in PE. Approximately 30
to 40% of calf thromboses do propagate proximdlly, 26). Furthermore, even those
clinically silent DVTs in critical care patients $® a potential threat of embolization, as
there is a significantly higher rate of PE in th@sgients than in those patients without
DVT (19). An article in the journatroke, estimates that PE accounts for between 13
and 25% of deaths within four weeks following acsateoke (27). The International
Cooperative Pulmonary Embolism Registry (ICOPER} waregistry of 2,454 patients
with PE at 52 hospitals in 7 countries. The stuelyorted the overall mortality at 3
months following PE was 17.4%. 45.1% of these deathre attributable to PE (28).
More effective prevention and treatment could deseethe number of patients with VTE

and the morbidity and mortality associated witts tondition.

Risk Factors

Multiple risk factors for VTE have been identifieahost of which relate back to
Virchow’s Triad of immobility, hypercoagulable statand endothelial injury (29 - 32).
(See Table 1 for previously identified risk factofsVTE). General risk factors for VTE
include: major surgery within the previous four Weepregnancy or the postpartum
period, and immobilization (13, 30). Age is anotl@own risk factor for VTE: the
Olmstead study demonstrated that for each 10-yeagease in age, the incidence of VTE
doubled (4, 6).

Risk factors relating to medical history include ligri@ancy, history of DVT,
stroke leading to paresis or plegia, acute myoaaidfarction (Ml), congestive heart

failure (CHF), nephrotic syndrome, ulcerative a¢sltUC), and sepsis (13, 32). Trauma



is another well-known risk factor for VTE due tosasiated endothelial injury (29).
Specifically, multiple trauma, central nervous syst(CNS)/spinal cord injury, burns,
and lower extremity/long bone fractures have afirbehown to be VTE risk factors (12).

A number of vasculitides and hematologic disorderany hereditary, result in a
hypercoagulable state. Examples include systeupad erythematosus (SLE) and the
lupus anticoagulant, Behcet syndrome, homocystanurithrombocytosis and
polycythemia rubra vera. Inherited disorders ofifiolysis and coagulopathies which
predispose to VTE include Antithrombin Il deficen Protein C and Protein S
deficiency, Prothrombin 20210A mutation, Factor &den, and dysfibrinogenemias and
disorders of plasminogen activation (32).

Certain drugs may contribute to or predispose t&VProven agents include oral
contraceptives and estrogens. In predisposed ithdils, heparin may cause heparin-
induced thrombocytopenia, which can increase tsie of VTE (33). Intravenous drug
abuse predisposes to VTE as well (13, 26).

Certain diagnoses among neurological/neurosurgmabulations have been
shown to be risk factors for DVT and are useful fdentifying at-risk patients.
Hemorrhagic stroke has been demonstrated to bedependent risk factor for DVT
compared to patients with thrombotic stroke, thotlgé study did not control for varying
prophylaxis techniques (34). Among neurorehabititapatients, the rate of DVT was
higher among patients with intracerebral hemorrh@@. Patients undergoing surgery
for brain tumor removal were studied and the r&tBVT was found to be significantly
higher among those undergoing craniotomy as opptsesther surgical approaches

(9.5% vs. 3.7%) (17). Furthermore, specific risktéas for VTE among neurology



patients include gastrostomy tube, tracheostomg, wethral catheter (35). Finally, a
study of neurology patients found a 51-fold highisk of DVT among patients with

hemiparesis (36).

Thromboprophylaxis

Fortunately, there are effective options for prdpkis against VTE. Current
practices rely primarily upon the use of low-dosati@agulation and mechanical
compression devices applied to the lower extremitl). When the risk of VTE is very
high, prophylactic inferior vena cava (IVC) filtptacement may be used to prevent clots

from reaching the pulmonary circulation when theyelize (13).

Mechanical methods of thromboprophylaxis are baspdn the concept of
reducing venous stasis and inducing anti-thrombogio-fibrinolytic, vasodilatory
biochemical alterations. The minor endothelialashstress induced by the Sequential
Compression Devices causes the release of nitiitepissue plasminogen activator and
prostacyclin, and decreases levels of plasminogéwasor inhibitor, decreasing the risk
of clot formation (37). A meta-analysis appeannghest, the journal of the American
College of Chest Physicians, found that while no clmag@ical method of
thromboprophylaxis has been shown to reduce tleeafaPE or death, they are effective
in reducing rates of DVT and may be a good altéreain patients for whom
anticoagulation is contraindicated (13). Anotheetananalysis of original studies
between 1966 and 1996 demonstrated a 62% reduntitve rate of DVT with SCD use

compared with placebo (38). A study of serial cossgion devices (SCDs) in 1998



demonstrated a more than 40-fold risk reduction wHeCDs were added to

anticoagulation with 5000 units of heparin twicéylan thrombotic stroke patients (36).

Anticoagulation has been a known method of premgndéind treating VTE since
the 1960s. Current anticoagulation practices Vauymost commonly involve the use of
unfractionated heparin (UFH), usually 5000 unitbcuaneously twice or three times
daily, or low molecular weight heparin (LMWH). Tliiest evidence that heparin reduces
mortality in patients with PE was presented_ancet in 1960 (39). Both LMWH and
UFH have been proven effective in prophylaxis agfa\fTE (40). (See Tables 2 - 4 for a
summary of thromboprophylaxis available and thelissi investigating the efficacy of
various methods of thromboprophylaxis.) Both LMVikd UFH have been endorsed by
the American Stroke Association, the American Acagleof Neurology, and the
American Heart Association as effective and saferwhsed subcutaneously for VTE
prophylaxis, with a low rate of hemorrhage aftathmmic stroke (41). The American
College of Chest Physicians recommends the us®¥H or low-dose UFH, as well as

SCDs, for use as thromboprophylaxis in most medindl surgical populations (13, 42).

A 2004 study demonstrated the efficacy of therdpeanticoagulation and
heparin prophylaxis during stroke rehabilitation grevention of VTE, as well as the
inferior efficacy of antiplatelet agents in thisputation (35). A meta-analysis of VTE
prophylaxis of surgical patients demonstrated tHdiVH was at least as effective as
UFH in reducing the incidence of VTE (40). Howewvawvery recent study demonstrated
the superiority of LMWH over unfractionated heparfior DVT prophylaxis after
ischemic stroke, based on its once daily administraschedule, and its increased

effectiveness at preventing VTE (43).



The Cochrane review demonstrated a three-fold aseren bleeding risk when
stroke patients receive full anticoagulation afigoke (44). In contrast, a 2002 study
demonstrated no increased bleeding in patients satlere head injury receiving early
unfractionated heparin as thromboprophylaxis (48)ore generally, most studies have
shown minimal risk of hemorrhage in the average phliak patient receiving
thromboprophylaxis with low dose heparin along vatfavorable risk:benefit ratio to its
use (13). While individual methods of prophylaxase effective, a 1998 study
demonstrated the improved efficacy, in a neurosyrgepulation, of using Lovenox and
SCDs combined, when compared to SCDs alone (5% DAt& vs. 13% DVT rate,
respectively). The study also showed no increaseelding risk in this population (46).
The finding of improved efficacy with two forms tfromboprophylaxis was verified for

SCDs and UFH as well (36).

Despite the evidence demonstrating the efficacythodbmboprophylaxis, and
current guidelines recommending its use, a studiynén1990s estimated that only one-
third of hospitalized patients with multiple riskctors for VTE received prophylaxis
(47). More recently, the 2008 multinational cresstional ENDORSE study
investigated the percentage of hospitalized paienho would qualify for VTE
prophylaxis based on current guidelines. The stimynd that nearly half of all
hospitalized patients meet criteria for thrombojdaxis, yet only half of those patients
received prophylaxis (48). This lack of consistémomboprophylaxis is apparently
resulting in a large number of preventable VTE2001 study showed that over 17% of
VTE in inpatients was potentially preventable ifoper prophylaxis had been

implemented. (49). Therefore, despite clear evidefor the safety and efficacy of



thromboprophylaxis, and the detrimental effects withholding prophylaxis, the

intervention remains underutilized.

Upper Extremity DVT

Current studies indicate that 1 to 4% of DVTs iwmeolthe upper extremities
(UEDVT), primarily the subclavian, axillary, braehior internal jugular veins. UEDVTs
can be divided into primary (unprovoked) and seeoynde.g., in the setting of central
venous catheter, cancer or pacemaker), the lati&mign up 75 to 80% of cases (42, 31).
Primary UEDVT is quite rare and is usually eithéiopathic, or due to effort or exertion
leading to microtrauma, called Paget-Schroetterd®me (50). UEDVTs have unique
risk factors and include use of pacemakers andalemenous catheters. Furthermore,
patients with UEDVT are less often Caucasian ancerikely to be younger, leaner, and

smokers compared with those with LEDVT (51).

The American College of Chest Physicians (ACCP)Clhest 2008, determined
that there have been no randomized-controlled striavestigating the efficacy of
unfractionated heparin or low-molecular weight hrepdor the treatment of UEDVT.
However, there have been sufficient smaller studessupport the use of both as
prophylaxis against UEDVT (42). Moreover, like yiris DVT prophylaxis studies, a
2004 study showed that only 20% of patients with DVES, without any

contraindication, actually received prophylaxis)(51

Chest also provided a meta-analysis of UEDVT studiegstigating the outcome
and side effects of interventions. Fewer patievitt UEDVT present with overt PE,

compared to those with lower-extremity DVT. Howeuheir three-month outcome in
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terms of recurrent DVT or PE, major or fatal blegglior fatal PE, is similar (52). While
rare, UEDVTs do embolize, leading to potentialliaflPEs (52). However, the estimates
of PE among patients with UEDVT have varied widel@ne study found that up to one-
third of patients with UEDVT may suffer from PE {53vhile another study found a
vastly lower incidence of PE in the range of 0.5804% (54). This discrepancy
highlights the great variation in findings relatedUEDVT. One likely explanation may
be variations in screening practices. As with @owndition, when it is screened for,
UEDVT is more likely to be discovered. In eithemse, the presence of proximal

UEDVTs is clinically significant and treatment scommended (42).

It should be noted that location of proximal UED{®es not appear to influence
risk of embolism. One study found no significarffatience in risk of embolism between
internal jugular vs. subclavian and/or axillaryrv&@VTs (54). However, there should be
a suspicion of lower extremity DVT in patients wktHEDVT, because the two are often

comorbid (55).

Finally, while superficial vein thrombosis (SVT)Jsa known as superficial
thrombophlebitis, is generally considered benigtydies have shown rates of
thromboembolic complications ranging from 5-15%)(5810st studies, however, have
focused on lower extremity SVT; upper extremity Simains understudied. However,
the ACCP recommends treatment of SVT with proptidadoses of LMWH after

ultrasound verification of the absence of concur2viT (42).
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In summary, while there is an apparent lower inogdeof clinically overt PE in
patients with UEDVT, they do embolize and, as swgdiguld be considered clinically

significant.

Previously Studied Populations

Previous studies of VTE have examined a varietyinplatient populations,
including neurosurgical, spinal cord injury, and ddml Intensive Care Unit (MICU)
populations (10 - 12, 15 - 18, 34, 35, 57,). Dethrecommendations have been made
regarding subpopulations of both medical and satgjgatients (e.g., laparoscopic
surgery, knee and hip arthroplasty, gynecologigey;, urologic surgery, trauma, burns,
and cancer patients). (See Table 5 for data on PkeValence in previously studied

populations).

However, despite the extensive research in thisa,ardo date
Neurological/Neurosurgical ICU (NICU) patients havever been studied specifically.
There are several reasons to suspect that NICdrmatare at high risk for VTE. First,
ICU patients in general tend to have numerous fasitors for VTE: they are often
immobile, mechanically ventilated, sedated, septith central venous catheters, or
suffering from respiratory or cardiovascular fadur Second, certain patient-types
common in the NICU, such as neurosurgical patiantsacute spinal cord injury patients
have been studied individually and shown to beesilip high rates of VTE (13, 16 - 18,

29, 57),

Further, this population includes patients suffgrirom unique medical

conditions, including brain tumor, epilepsy, ingaebral, subarachnoid and subdural



.12

hemorrhage, spinal cord injury, hydrocephalus arélral aneurysms. This population
also presents distinctive challenges with regarantocoagulation. For example, patients
in the NICU due to intracranial hemorrhages (irgrabral, subdural, epidural or
subarachnoid) pose a particular problem in detanginappropriate prophylaxis.
Clinicians are often concerned about providing antfcoagulation in this subpopulation,
even though only full anticoagulation increases tis& of worsening hemorrhage or
rebleed after the initial insult (44). A meta-arsa¢ performed inSroke, showed a
significantly increased risk of hemorrhage aftehemic stroke when higher, therapeutic
doses of either UFH or LMWH were used, highlightitige unique VTE treatment
challenges faced by this population (41). Oftenintbese patients may only be
mechanically prophylaxed, which may be less eféectthan anticoagulants for
thromboprophylaxis. Therefore, these patientsighaheoretically at significant risk for

VTE, may, as a result of their neurological cormhtinot receive effective prophylaxis.

Moreover, the development of DVT in the NICU creapgoblematic treatment
choices because, for many patients, full anticaatgar could increase the risk of central
nervous system hemorrhage. Therefore, the albdiigentify NICU patients at highest
risk for VTE could allow them to be targeted foosr screening and potentially more
aggressive thromboprophylaxis. This could decreiakdor VTE as well as the potential
consequences of treatment, extended hospital stag, consumption of additional

hospital resources.

HYPOTHESIS
VTE in the NICU is common, despite near-universsé wf prophylaxis, and

specific factors can be identified to help identlipse patients at higher risk for VTE.
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STATEMENT OF PURPOSE

The goal of this study was to examine the NICU pafon and answer the

following questions:

1. What is the incidence of VTE in NICU patients?

2. What risk factors predispose NICU patients to dey&ITE?

3. What is the clinical outcome of NICU patients WWtRE? That is, what are their
rates of mortality, pulmonary embolism, associatethplicationsand lengths of

NICU and totahospital stay?

In investigating the incidence of VTE within the@U population, it may be determined
whether this population is generally well-served dyntinuing thromboprophylaxis,
despite risk of hemorrhage. Further, if a paracidubgroup of the NICU population
could be identified as at increased risk of devielppy TE, then this subpopulation could
be targeted for more aggressive surveillance anghgtaxis, for example, with higher
dose anticoagulation or prophylactic insertion fi4C filter.
METHODS
With approval from the Human Investigation Comnatief Yale University, an

Excel file was obtained from Janis Bozzo, MSN, RMNinical Coordinator, Decision
Support, Yale-New Haven Health System, and an #fesdisClinical Professor, Yale
School of Nursing, New Haven, CT. The file cont&ra list of all patients who were
coded as having stayed in the NICU for three daysrger, discharged between January
1, 2001, and December 31, 2005, under the cardeofNieurology or Neurosurgical

services. The Excel file also included name, aggnder, race, principal operation
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performed (if any), principal diagnosis, dates ofpital admission and discharge, and
whether the patient was coded as having a DVT. toked number of patients on the
Excel file provided by Ms. Bozzo was 1,318. Tapproach was the most complete way
to capture the entire population of NICU patientstween 2001 and 2005. All

subsequent data collection was performed by Rabdlodfison, medical student.

For each patient listed in the Excel file, an inglegient review was conducted to
verify acute DVT diagnosis and investigate thostepés with documented PE as well.
This review was conducted using Sunrise Clinicalnbtger, the Yale-New Haven
Hospital electronic medical record, and all diagimosnaging related to DVT/PE. The
imaging modalities included Doppler ultrasounds @Wf upper and lower extremities,
computerized tomographic angiography (CTA) - P.Eotétol, ventilation/perfusion
(V/IQ) scans, and angiography/venography. If a BU&~ed a nonocclusive or occlusive
thrombus in any of the deep veins of the lower esrities or of the brachial, basilic,
axillary, internal jugular or subclavian veins ofiet upper extremities, this was
documented as a positive result.  Additionally, asifve CTA, or a high
probability/intermediate probability V/Q scan, wedlecumented as a positive result.
Intermediate V/Q scans were considered positiveVibE because these patients were
treated clinically as though they had a PE. Accagdb the Excel file, 77 patients had

documented DVT, whereas after review, 104 patiratsdocumented DVT.

Because this is a case-control study, those patwith positive results (acute
VTE) during NICU stay or within 3 days after NICUsdharge were considered our
cases. Patients with VTE during their hospitay $tat prior to NICU admission were not

considered cases. There were 125 cases (104 tgatigh DVT and 21 with isolated PE)
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matched 2 controls per case. The groups were mttoh year of discharge from the
hospital to control for any temporal changes regar@VT prophylaxis and screening.
The groups were also matched on whether a surdeamyokind was performed during
the hospitalization*.

The matching was conducted by the following procésseach case group (e.g.,
2004, surgery, VTE), the eligible controls (2004ygery, no VTE) were assigned a
number. Then, wusing a number randomizer from theebsite:

http://www.randomizer.org/form.htmthe requisite number of random numbers was

generated. That is, if ten controls were needadrandom numbers were generated and
the eligible controls corresponding to those randoombers were then chosen as
controls. This was done in order to prevent sgladtias.

Data for all cases and controls were gathered ti@ansources: Sunrise Clinical
Manager/CCSS from hospital computers, and papetscpalled with the assistance of
the YNHH medical records department. Data wasectéd first on a Microsoft Word
form (see Figure 1). All information was savedlmth a thumb-drive and hard drive of
a personal computer, both of which were passwontepted and designated to be
destroyed following completion of the study. DraM D. Siegel (MDS) and Rachel H.
Wolfson (RHW) were the only two investigators wébcess to the files. Throughout the
data collection process, the data was periodiealtgred, and rechecked, into a Microsoft

Access Database, created by RHW. The databastherasised to analyze our resdits.

! Appendix 1 contains detailed descriptions of hastedata-point was defined and the
specific chart locations where that data-point gathered.

*During data collection, 13 cases were discovereth \surgery after VTE diagnosis.
However the results of the study are largely thaesavith and without inclusion of this
population.
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ANALYSIS
Analysis was performed by RHW with assistance fidinS and James Dziura,
PhD., biostatistician. Data from the Microsoft A&ss database were imported into Excel
files and into Statistical Package for the Soc@éBces (SPSS) version 17.0 for analysis.
First, for the cases, an analysis of VTEs was ua#len, including number,
location, and outcome, specifically, length of stayortality, and complications.
Furthermore, the NICU population as a whole (cases controls) was described using
the following variables:
1. General descriptive data, including: inciderafeunderlying pre-existing
medical problems, age, height, weight, BMI, daysigigtd to the hospital and
NICU, and Glascow Coma Score (GCS). Using kurtesisa measure of
normality of distribution, those variables with tagis < +/- 1.00 were
described with mean +/- SD and those variables ittosis > +/- 1.00 were
described using median with quartiles. Chi-squavad used to describe race,
smoking status and alcohol consumption.

2. Primary diagnosis- number and percentageaf degnosis was calculated.

3. Use of central venous catheters or PICC limesrber and percentage of each
type of central venous catheter was calculated,

4. Use of ultrasounds and Computerized Tomogr&ulsonary Angiograms.
To evaluate the relationship between number ofsead yield over time
Spearman Correlation tests were used. Using EpMarsion 3.5.1 (CDC),

chi square for trend was calculated to measurereaseccording to year.
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5. Administration of prophylaxis, and type — numberdapercentage of
thromboprophylaxis techniques were described
6. Outcomes — to compare lengths of NICU and hosgitals, Mann-Whitney U
tests were performed. Number of deaths, and coatjgits were also given.

Second, to measure differences between cases atrdlspand identify potential
risk factors for VTE, binary logistic regressionsvased. Initially, univariate screening
with binary logistic regression, including calcubext of p-values and odds ratios with
95% confidence intervals, was performed on 50 gatensk factors. A multivariable
logistic regression model was created in order deniify variable(s) showing an
independent association with VTE. To be eligibte &ntry into the multivariable
analysis, factors had to meet the following crderl) p<0.05 and clinically useful on
univariate analysis, To be considered “clinicallgetul,” a variable found to be
significant on univariate analysis had to be presgon admission to the NICU or
represent an intervention occurring during the NI§tby but before detection of VTE.
Goodness-of-fit was assessed using the Hosmer -edleow test. All statistical analyses
were performed using two-tailed testing with a jpuea<0.05 taken as a threshold to
indicate statistical significance.

RESULTS

General Descriptive Results

1,318 patients were admitted to the NICU for thweenore days on the neurology
or neurosurgical services at Yale New-Haven Hokpgaween January 1, 2001 and

December 31, 2005. Of the 1,318, 125 cases (9@ PVT, PE, or both.
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Characteristics of the study population are sunmaedrin Table 6, below.

Table 6: Characteristics of the Study Population

Characteristic

Number of Cases

(N=125)

Number of Controls

(N=250)

Race

Caucasian, %

97, (77.6%)

197, (78.8%)

African-American, %

14, (11.2%)

31, (12.4%)

Hispanic, % 13, (10.4%) 17, (6.8%)
Asian, % 1, (0.8%) 3, (1.2%)
Other Race, % 0 2, (0.8%)
GCS (median, IQR) 11 (6-14) 13 (6-15)

General Characteristics

Height (mean +/- SD), cm

171.6 (+/- 10.9) cm

168/310.8) cm

Weight (mean +/- SD), kg

85.0 (+/-24.4) kg

77.1-1916) kg

BMI (mean +/- SD),

kg/(m"2)

28.7 (+/-7.6) kg/(m"2)

27.2 (+/-6.4) kg/(m"2)

Age (mean +/- SD) years

55.2 (+/-16.9) years

54/28.5) years

Gender (N female), %

56 (44.8%)

141 (56.4%)

Never Smoker, %

47 (37.6%)

129 (51.6%)

Former Smoker, %

18 (14.4%)

33 (13.2%)

Current Smoker, %

31 (24.8%)

72 (28.8%)

No EtOH, %

49 (39.2%)

130 (52.0%)
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Social/Occasional EtOH, 9

34 (27.2%)

62 (24.8%)

Abusing/Excessive EtOH,

%

14 (11.2%)

40 (16.0%)

Diagnoses

Subarachnoid hemorrhage

48 (38.4%)

77 (30.8%)

Plegia/Paresis

43 (34.4%)

48 (19.2%)

Cerebral aneurysm

31 (24.8%)

65 (26.0%)

Intracerebral hemorrhage

30 (24.0%)

31 (12.4%)

Brain Tumor

17 (13.6)

40 (16.0%)

Other*

13 (10.4%)

39 (15.6%)

Subdural hemorrhage

13 (10.4%)

28 (11.2%)

Thrombotic stroke 8 (6.4%) 13 (5.2%)
Spinal Cord Injury 3 (2.4%) 15 (6.0%)
Ateriovenous Malformation

9 (7.2%) 7 (2.8%)
(AVM)
C-spine fracture 4 (3.2%) 9 (3.6%)
Traumatic Brain Injury 5 (4.0%) 4 (1.6%)
Hydrocephalus 3 (2.4%) 9 (3.6%)
Skull Fracture 4 (3.2%) 6 (2.4%)
Epilepsy 4 (3.2%) 6 (2.4%)

Medical History

Atrial Fibrillation, % 12 (9.6%) 21 (8.4%)
Prosthetic Valves, % 1 (0.8%) 4 (1.6%)
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Cardiomyopathy, %

4 (3.2%)

1 (0.4%)

History of Ml, %

6 (4.8%)

2 (0.8%)

Hypertension, %

38 (30.4%)

97 (38.8%)

Leg Fracture, %

1 (0.8%)

8 (3.2%)

Prior VTE, %

9 (7.2%)

4 (1.6%)

Malignancy, %

15 (12.0%)

39 (15.6%)

Metastases, %

5 (4.0%)

14 (5.6%)

Home Medications

Aspirin, % 10 (8.0%) 32 (12.8%)
Coumadin, % 10 (8.0%) 11 (4.4%)
Plavix, % 4 (3.2%) 4 (1.6%)

NICU Interventions

Mechanical Ventilation, %

102 (81.6%)

144 (57.6%)

Sedation, %

56 (44.8%)

74 (29.6%)

Paralytics, %

8 (6.4%)

12 (4.8%)

Bed Rest, %

120 (96.0%)

236 (94.4%)

Tracheotomy, %

16 (12.8%)

123 (9.2%)

Central Venous Catheter, ¢

91 (77.6%)

124 (49.6%)

Surgery

469 total surgeries were performed on 320 totaésamnd controls (84.7%), of
which 46.5% involved craniotomies and 4.7% involvedrr holes. 71.0% used

intraoperative VTE prophylaxis, usually in the forof SCDs. Failure to use
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intraoperative prophylaxis was not significantlgasiated with VTE (OR: 0.8, CI: 0.5 —
1.1, p=0.169). Table 7 summarizes the surgerigenoeed on the population (cases and

controls).

Table 7: Frequency of Surgery Types

Percent of
Type of Surgery Frequency

Surgeries
Other* 180 38.4%
Vascular Surgery 110 23.5%
Evacuation of blood 70 14.9%
Tumor removal 52 11.1%
Shunt insertion 35 7.5%
Spinal surgery 19 4.1%
Total 469 100%

*Other surgery includes tracheotomy, cranial retmiesion, wound debridement,
ventriculostomy, pacemaker insertion, open reduadtiternal fixation of long bones,
abscess drainage, and grid strip placement andvamo
Incidence

Of the 125 VTE cases discovered, 104 were DVTsugder (64.4%), 54 lower
(51.9%), 17 both (16.3%). Of the 104 DVT casesweére DVT only (74.0%), and 27
were both DVT and PE (26.0%). There were 48 PBA8 of cases) of which 21 were

PE only (16.8% of cases). Table 8 contains a samywf VTE prevalence.
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Of the cases of PE, 11 of the 48 (22.9%) had detraied lower extremity DVTs
either prior to, or at the time of PE discovéryFurther, 9 of the PEs (18.8%) had
UEDVTs, 8 (16.7%) had both upper and lower extrgrdVTs, and 20 (41.7%) had no
identified DVT, despite a verified PE.

Table 8: Summary of VTE Occurrence

Type of VTE Number of Cases
VTE 125
DVT Total 104
DVT only 77
PE only 21
DVT and PE 27
UEDVT only 50
LEDVT only 37
UEDVT and LEDVT 17

Figure 2 describes how soon after NICU admissiatiepts were diagnosed with

VTE. The median length was 8 days (IQR: 4 — 15 Jays

2 Occasionally DVT was discovered several days afital PE and this was counted as a potentiat@®u
of the PE if no other DVT was discovered at theetioh PE diagnosis.
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Figure 2: Days after NICU Admission that Cases Developed VTE
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Days after NICU Admission the Case Developed VTE

Cephalic Thromboses

42 patients had cephalic clots. Cephalic clots liyuaas superficial
thrombophlebitis, also known as superficial veirothbosis, and therefore those patients
with cephalic clots only, were not considered camescluded for further analysis. 19
patients with cephalic clots never developed VTHowever, 16 patients who were
positive for cephalic clot only, initially, were lssequently shown to have true UEDVT.
7 patients with cephalic clot initially, were sufjgently shown to have PE. This

suggests that cephalic thromboses may, in fachgmate and embolize to become VTE.
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Use of Imaging

44 of the 48 PEs were diagnosed by CTA, and fouvAy scan. There were 27
imaging episodes for PE that were negative, regulin a 63.2% yield (48 positive
scans/76 total scans). There were 625 total lowsemity Doppler ultrasounds (DUS)
with 122 positive results, a yield of 19.5% (128%2 There were 207 total upper
extremity DUS, with 169 positive results, a yield3d.6%.

To evaluate screening practices, the number ofasdunds was further
investigated. The median number of ultrasoundgpgent was 1 scan (IQR: 0-2). Cases
received a median of 2 (IQR: 1-3) scans per pa@@uit controls received 1 (IQR: 0-2)
scan per patient. The median number of ultraseyed patient per week for the entire
population was 0.44 scans (IQR 0.00 — 0.78). Ceasesived a median of 0.45 (IQR:
0.22 — 0.71) scans/patient/week while controls ivece 0.41 (IQR: 0.00 — 0.78)
scans/pt/week (p=0.063). That is, cases receivek mltrasounds per patient and per
patient per week, compared to controls. 142 o controls (56.3%) received at least
one scan during their NICU stay, which means ne&dBb6 of controls were not evaluated
for VTE.

Hospital Year

In the entire NICU patient population (N=1,318)e tipercentage of patients
diagnosed with VTE was highest in 2004 (14.1%) &owlest in 2001 (5.7%). The
percent of NICU patients diagnosed with VTE inceshsver the years of the study (Chi-

Square for trend, p=0.009) (Table 9).

% This includes repeat ultrasounds after the ini¥IT was discovered.
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In the study population (restricted to those emtdrdo the case-control study,
N=375), the number of ultrasounds increased amfraim 2001 to 200§Spearman’s
rho= 0.900, p=0.037) From 2001 to 2005, there was a trend towarttsvar rate of
DVT diagnosed on ultrasounds perform@&hi-Square for trend, p=0.06) (Table 10).
The rate of ultrasounds positive for DVT was negati correlated with the number
performed each yedBpearman’s rho=-0.900, p=0.037)suggesting the possibility that
more ultrasounds were being done for routine sangemather than due to the presence
of clinical symptoms. At the same time, in anyegivyear, the number of ultrasounds
correlated with the number of DVTs discoverpearman’s rho=1.000, p=0.01)
suggesting that the apparent prevalence in anyngwear might be related, at least
partially, to the number of scans performed.

Table 9: Incidence of VTE Cases per Year

Total Number of | Number of VTE

Year Patients Per Year Cases Percentage of Admissions
(N=1,318) (N=125)

2001 229 13 5.7%

2002 272 19 7.0%

2003 245 25 10.2%

2004 271 38 14.1%

2005 301 30 10.0%
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Table 10: Ultrasounds and Yield per Year

Yield (Number of
Number of Ultrasounds Cases per
Number of Cases
Year on the Study Population year/Number of
per Year
(N=375) Ultrasounds per
Year)
2001 13 66 19.7%
2002 19 97 19.6%
2003 25 158 15.8%
2004 38 280 13.6%
2005 30 229 13.1%
Thromboprophylaxis

97.6% of patients received some kind of VTE propkid. Only two controls and
seven cases did not receive prophylaxis. Thatd2% of controls and 94.4% of cases
received some kind of VTE prophylaxis. Cases wégss likely to receive
thromboprophylaxis compared to controls. Thrombppylaxis was significantly
protective against VTE developmer®R: 0.2, Cl: 0.0 — 0.8. p=0.025 Use of an
increasing number of thromboprophylaxis modaliffesparin bid, heparin tid, SCDs, or
Lovenox) employed during NICU stay, was protecingminst VTE OR: 0.6, Cl: 0.4 —

0.9, p=0.02% 67.1% of patients received two forms of thromtophylaxis, while
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30.2% received one. Table 11 summarizes the pagenof patients receiving

prophylaxis.
Table 11: Thromboprophylaxis Received
Type of Number of
Number of Cases$
Thromboprophylaxis Controls P-value
(N=125)
Received (N=250)
Heparin bid, % 77 (61.6%) 173 (69.2%) 0.395
Heparin tid, % 3 (2.4%) 13 (5.2%) 0.216
Lovenox, % 3 (2.4%) 3 (1.2%) 0.386
Mechanical Compression
111 (88.8%) 235 (94.0%) 0.621
Devices, %

Treatment of VTE

Treatment for DVT was generally insertion of an ¥lger, or IV unfractionated
heparin, or both. Of the 125 cases, 67 receivetY@nfilter (53.6%). Further, 38 cases
received IV unfractionated heparin (30.4%) for Viréatment, 16 (12.8%) received both

IV UFH and IVVC filter.

Morbidity and Mortality

There was a trend towards increased mortality anpatignts with VTE. Only
one death was related to PE, perhaps due to thatypad autopsies and the difficulty
determining cause of death from the charts. Pateith VTE spent more time in both
the hospital and NICU.

There were two cases of heparin-induced thrombeeyta (HIT), both in

patients VTE receiving unfractionated IV heparim ¥TE treatment. Neither of the
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patients who experienced HIT died as a result. Nfriee patients given anticoagulation
for VTE had a significant bleed as a result. Thedian NICU stay of cases after VTE
diagnosis was 8 (IQR: 2-16) days. The length 62W stay after VTE diagnosis in
cases compared to total length of NICU stay of mdsit was not significantly different
(OR: 0.997, CI: 0.987 — 1.007, p=0.568). The mediaspital stay of cases after VTE
diagnosis was 17 (IQR: 9-28.75) days. The lengtmogpital stay after VTE diagnosis in
cases compared to total length of hospital stagoatrols, was not significantly different
(OR: 1.008, CI: 0.999 — 1.017, p=0.087). This cades that the increased length of stay
may not be due to the presence of VTE. Table I8nsarizes the morbidity and
mortality associated with VTE.

Table 12: Morbidity and Mortality Associated with VTE

Controls
Outcome Cases (N=125 OR (95% CI) | P-value
(N=250)
Length of NICU
1.024 (1.01 -
Stay (median, IQR),| 18.5 (10-30) days 6 (4-11) days 0.005
1.04)
days
Length of Hospital
31 (16.5 - 46) 1.02 (1.01 -
Stay (median, IQR), 13 (8-19) days <0.001
days 1.03)
days
OR:1.9(1.0-
Death, % 19 (15.1%) 22 (8.7%) 0.060
3.6)
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NICU Population and Potential Risk Factors: Univariate Analysis
Tables 13 — 18 describe the demographic and clifeatures of the study
population (125 cases, 250 controls) and theiraagon with VTE.

Table 13: Race of the NICU Population and Associain with VTE

Race OR (95% CI) P-value
Caucasian, % 0.9 (0.6 -1.6) 0.790
African-American, % 0.9(0.5-1.7) 0.736
Hispanic, % 1.6 (0.7 - 3.4) 0.229
Asian, % 0.66 (0.07 — 6.45) 0.724
Other Race, % 0.000 (0.000 - *) 0.999

General Characteristics
Table 14 summarizes the general characteristiaghefstudy population. Cases

were less likely to be femal®©R: 0.6, Cl: 0.4 — 1.0, p=0.034 Cases were also taller
and heavier than controls. Specifically, heigbR{ 1.03 per cm, CI: 1.01 — 1.05,
p=0.010 and weight OR: 1.0 per kg, CI: 1.01 — 1.03, p=0.0Q2vere both significantly
associated with VTE, although BMI was not. Of n@#1l could not be calculated for
all patients because height, weight, or both weenawn, so the missing data may have
contributed to lower statistical power. Plegiaammission to the NICU was significantly
associated with VTEQR: 2.2, CI: 1.4 — 3.6, p=0.001 but GCS and age were not.

Table 14: NICU characteristics

Characteristic/Variable Odds Ratio (95% ClI P-value

GCS 0.96 (0.92— 1.01) 0.119

Height 1.03 per cm(1.01 - 1.05 0.010
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Characteristic/Variable Odds Ratio (95% CI P-value
Weight 1.0 per kg (1.01- 1.03) 0.002
1.033 per kg/(m”2) (0.99p
BMI 0.055
—1.067)

Age 1.0 per year (0.99 — 1.02) 0.613
Gender (female) 0.6 (0.4-1.0) 0.034
Never Smoker 0.8 (0.5-1.3) 0.308
Former Smoker 1.4 (0.7 — 2.6) 0.290
Current Smoker 1.1 (0.6 -1.8) 0.786
No EtOH 0.8(0.5-1.3) 0.360
Social/Occasional EtOH 1.5(0.9-2.5) 0.131
Abusing/Excessive EtOH 0.8(0.4-1.6) 0.531

Diagnoses

The most common diagnosis in the NICU study pojputatvas subarachnoid
hemorrhage (33.3%). See Table 15 for a summatiyeofnost common NICU diagnoses
and their prevalence.

A diagnosis of intracerebral hemorrhage or artenmus malformation (AVM)
was associated with VTE on univariate analysis. ot@r neurological or neurosurgical
diagnosis was associated with VTE, as shown inel 46l

Table 15: Neurological Diagnoses and Associationitv VTE

Odds Ratio
Diagnosis P-value
(95% CI)

Subarachnoid hemorrhage 0.1(0.9-2.2) 0.142
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Odds Ratio
Diagnosis P-value
(95% Cl)
Plegia/Paresis 2.2 (1.4-3.6) 0.001
Cerebral aneurysm 0.9 (0.6 -1.6) 0.835
Intracerebral hemorrhage 2.3(1.3-3.9) 0.004
Brain Tumor 0.8(0.5-1.5) 0.562
Other* 0.6 (0.3-1.2) 0.181
Subdural hemorrhage 0.9(0.5-1.9) 0.835
Thrombotic stroke 1.3(0.5-3.1) 0.621
Spinal Cord Injury 0.4(0.1-1.49) 0.141
Ateriovenous Malformation
4.8 (1.5 - 16.0) 0.010

(AVM)
C-spine fracture 0.9 (0.3-3.0) 0.853
Traumatic Brain Injury 1.5(0.5-4.7) 0.527
Hydrocephalus 0.7 (0.2 -2.5) 0.545
Skull Fracture 1.4(0.4-4.9) 0.642
Epilepsy 1.4 (0.4-4.9) 0.642

* “Other” diagnoses included epidural hematoma,otidr artery occlusion, CNS

vasculitis, hypoxic brain injury, carotid blowoutrain abscess, headache, meningitis,
pancerebellar dysfunction, myasthenia gravis, vensinus thrombosis, transverse
myelitis, shunt malfunction, to encephalitis, guntsivound to the head and Guillan-

Barre Syndrome.



Medical History

A variety of medical conditions were included irethnivariate analysis and the results

are summarized in Table 16.

Table 16: Medical History and Association with VTE
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Characteristic OR (95% CI) P-value
Atrial Fibrillation 1.2 (0.6 — 2.5) 0.682
Prosthetic Valves 0.5(0.1-4.5) 0.537
Cardiomyopathy 8.3(0.9-75.1) 0.060
History of MI 6.3 (1.3-31.7) 0.025
Hypertension 0.7(0.4-1.2) 0.123
Leg Fracture 0.2 (0.0-2.0) 0.188
Prior VTE 4.8 (1.5-16.0) 0.010
Malignancy 0.7 (0.4-1.4) 0.365
Metastases 0.7 (0.2-2.0) 0.518
Chronic Renal Insufficiency 1.4(0.4-4.9) 0.642

History of myocardial infarction (MI) and prior VT#ere significantly associated

with VTE.

Several home medications were evaluated as pdteiskaactors and the results

are summarized in Table 17. None of the medicatiad were associated with VTE

Table 17: Home Medications and VTE Association

Medication OR (95% CI) P-value
Aspirin 0.6 (0.3-1.3) 0.176
Coumadin 1.9 (0.8 - 4.6) 0.153
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Medication OR (95% CI) P-value
Plavix 2.0(0.5-8.9) 0.316
Heparin 0.5(0.1-4.5) 0.537

Potential Risk Factors — In Hospital
A number of in-hospital potential risk factors wenwestigated for association
with VTE and the results are summarized in Table 18

Table 18: In-Hospital Interventions and Associatiorwith VTE

Intervention OR (95% CI) P-value
Central Venous Catheter 3.5(2.2-5.7) <0.001
Mechanical Ventilation 3.4(2.0-5.8) <0.001
Sedation 2.0(1.3-3.1) 0.003
Bed Rest 1.8 (0.5 - 5.5) 0.319
Tracheotomy 1.5(0.7-2.9) 0.272
Paralytics 1.4 (0.5-3.4) 0.505

Both mechanical ventilation and sedation were $icantly associated with VTE.
However, use of paralytics, tracheotomy and betwese not associated with VTE.
Central-Venous Catheters

415 central-venous catheters, including PICC |imese inserted. Cases were
more likely to have a catheter than contraBatheter placement appeared to be
associated with both uppeQR: 2.4 CI: 1.3 — 4.3, p=0.00¢and lower OR: 4.8 CI: 2.2
—10.5, p=0.00pDVTs. See Table 19 for a summary of catheterfsgquencies and
association with VTE. 30 patients with VTE hadeatral-venous catheter on the same

side as the clot prior to VTE diagnosis.
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Table 19: Frequencies of Catheter Sites — Populaticas a Whole, and Association

with VTE
Percentage of
Catheter site Frequency OR (95% CI) P-value
Total Catheters
Any Catheter 417 100.0% 3.5(2.2-5.7) <0.001
Femoral 29 7.0% 9.557 (2.7 — 34.2) 0.001
Internal Jugular 26 6.3% 2.3(1.0-5.6) 0.0683
PICC 102 24.6% 19(1.1-3.2 0.023
Subclavian 257 61.9% 1.7(1.1-2.6) 0.019

Subclavian catheters (OR: 1.2, CI: 0.7 — 2.0, p2®)%and PICC lines (OR: 1.5, CI: 0.8 —

2.8, p=0.258) were not significantly associatechidEDVT. However 1J catheter®R:

3.1, Cl: 1.2 — 7.8, p=0.0))Avere significantly associated with UEDVT. Femlora

central-venous catheters were strongly associaitdd\&DVT (OR: 11.9, Cl: 4.1 —

34.4, p=0.00D

Univariate Analysis: Summary of Positive Results:

We identified 12variables associated with VTE. They are summarinetiable

20, below.

Table 20: Factors associated with VTE on Univariaténalysis

Odds Ratio (95%
Variable P-value
Confidence Interval)
History of Ml 6.3 (1.3-31.7) 0.025
Prior VTE 4.8 (1.5-16.0) 0.010
AVM 4.8 (1.5-16.0) 0.010
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Central Venous Catheter 3.5(2.2-5.7) <0.001
Mechanical ventilation 3.4(2.0-5.8) <0.001
Intracerebral hemorrhage 2.3(1.3-3.9) 0.004
Plegia/paresis 2.2(1.4-3.6) 0.001
Sedation 2.0(1.3-3.1) 0.003
Height (cm) 1.03 per cm (1.01 — 1.05 0.010
Weight (kg) 1.02 per kg (1.01 -1.03 0.002
Sex (Female) 0.6 (0.4-1.0) 0.034
VTE prophylaxis 0.16 (0.03 — 0.80) 0.025

Multivariable Analysis

The univariate variables from Table 20 were enténénl a multivariable logistic
regression analysis are shown in Table 21. Of,notividual catheter types were not
included in multivariable analysis because theyhesagnificantly correlated with catheter
use overall and we wished to investigate cathetacement itself as a risk factor.
Similarly, number of prophylaxis techniques was mafuded in multivariable analysis
because it significantly correlated with overalbpinylaxis use and we chose to use the
dichotomous variable because we were trying torobribr presence of prophylaxis.
After multivariable analysis, significant variablexluded: presence of a central-venous
catheter (OR: 2.5, Cl: 1.4 — 4.6, p=0.003), AVM (OR9, CI: 1.2 — 20.0, p=0.026),
mechanical ventilation (OR: 2.1, CI: 1.1 — 4.2, ©3®B), and documented prior VTE
(OR: 5.6, ClI: 1.4 — 22.4 p=0.014). VTE prophylawias significantly protective (OR:

0.1, CI: 0.0 — 0.9, p=0.043).
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Table 21: Factors Associated with VTE: Multivariable Analysis

Factor OR (95% CI) P-value
Documented Prior VTE 5.6 (1.4 -22.4) 0.014
MlI 5.5(1.0-31.6) 0.056
AVM 4.9 (1.2-20.1) 0.026
Central-venous Catheter 25(1.4-4.6) 0.003
Mechanical Ventilation 21(1.1-4.2) 0.036
Plegia/Paresis 1.6 (0.9 -2.8) 0.147
Intracerebral Hemorrhage 1.6 (0.8 -3.0) 0.190
Sedation 1.2 (0.7 -2.2) 0.474
Female Gender 1.02 (0.50 — 2.08) 0.952
Weight (kg) 1.01 per kg (1.00 — 1.02) 0.078
Height (cm) 1.01 per cm (0.98 — 1.05) 0.438
DVT Prophylaxis 0.8 (0.0-0.9) 0.043

To address the closely-related variables, a cdioelanatrix was developed,
which showed significant correlation between meatarventilation, sedation, and ICH.
Height and weight were also correlated, as werght@ind plegia. However, all factors
were included in the multivariable analysis becauséhad a reasonable belief that each
could be independently associated with VTE. P=9 &3 Hosmer Lemeshow indicating

the model was a good fit.
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DISCUSSION
Incidence

Venous thromboembolism is a common cause of gpit@ morbidity and
mortality. Numerous patient subpopulations havenb&udied to date to investigate the
incidence of, and risk factors for, VTE, in an atf# to tailor prophylaxis of VTE.
However, despite the studies performed thus fastady exists that specifically focuses
on critically ill neurology and neurosurgery pat&nrhis population’s unique diagnoses
and high rates of surgery and immobility theordlycaut it at higher risk for VTE.
However, because VTE prophylaxis is not withoutt @®l morbidity, it was important
to investigate risk factors in this unique popuwatiso that clinicians could identify those
patients at highest risk for VTE and work to prevhis potentially fatal condition.

Our findings demonstrated a NICU VTE rate of 9.58espite an overall
thromboprophylaxis rate of 97.6%, a rate of propkid higher than those of most
previous studies investigating MICU and SICU popales. The VTE rate of 9.5% is
lower than that of the previously-studied MICU ptaiion (33%), and consistent with
previously-studied neurorehabilitation (11%) an€SIpopulations (13%) (10, 15, 18).
The lower rate of VTE may be due to the high throprbphylaxis rate in our population.
Interestingly, the rate of VTE was significanthygher than the 4% found in a previously-
studied neurosurgical population, suggesting ptieequiring the ICU are, indeed, at
higher risk of VTE compared to those with compagatblagnoses and surgeries on the
neurosurgical floor (34). Furthermore, of patiewith VTE, over 38.4% had clinically
apparent PE, a rate much higher than anticipatdahugh consistent with estimated rates

of DVT propagation between 30% — 40% (13, 26). c@dirse, we cannot account for
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clinically silent PEs, as they are not screeneddorthe true rate of PE may, in fact, be
higher.  Furthermore, we cannot account for clihycasilent DVTs which went
undiagnosed, so the true percentage of VTE reguhif’E may, in fact be higher.

In addition to a higher thromboprophylaxis rateg ttate of VTE may also be
affected by possible ascertainment bias. Thaink; VTE for which a diagnostic test is
performed have the potential to be discovered. eXplore this, we investigated the
relationship between the number of scans perforpexdyear and the number of VTE
diagnosed, assuming that the true prevalence hatgicds not change year to year if the
population characteristics and approach to propig/ldid not change. The number of
scans per year and number of VTE diagnosed botbdraver the years. The number of
ultrasounds was highest in 2004, the same yeanuh#er of VTE was highest. This
indicates that there may be ascertainment bias mtire scans performed, the more VTE
diagnosed. The yield was highest in 2001, the yaidr the fewest number of scans and
VTE. This may indicate that more scans were peréatrfor clinical suspicion in 2001,
rather than for screening purposes, which wouldltes more VTE diagnosed and a
lower yield.

While the number of scans per year was signifigadifferent, the number of
scans was nhegatively correlated with VTE diagnosiBhat is, the number of VTE
discovered did increase overall but the percempositive scans decreased, indicating that
ascertainment bias is less likely to be a majotrdautor. Also, 110 controls received no
ultrasounds at all, so it is certainly possible thare were VTES in the control group that
remained undiagnosed. Furthermore, the numbecasfssper patient per week, did not

differ significantly between cases and controls 0(881), though cases did tend to
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receive more scans, on average. Of course, chgadefinition, received at least one
scan, so this may bias towards more scans amorgs.casinally, without a study in

which screening ultrasounds are performed at reguiarvals, the true rate of VTE will

likely be underestimated.

Upper-Extremity DVT

One finding of particular interest was the rateupper extremity DVT. There
were 169 positive DUS for upper extremity clot @fit207 DUS performed on upper
extremities — an 81.6% vyield. This is likely due tloe fact that upper extremity
ultrasounds were primarily performed when there wiiisical suspicion for DVT as
opposed to routine screening. In comparison, tiveeee 625 lower extremity DUS
performed, and the yield was 19.4%. This suggests upper extremity DVT occurs
slightly more frequently (4.3% of the total popudai than the previously demonstrated
1%-4% (42), and it may be prudent to include uppdremities in routine screening for
DVT in NICU patients.

One statistic further supporting the importanc&&DVT diagnosis was the high
rate of PE among patients with UEDVTs. There waarlgean equal number of PEs
associated with UEDVTs as LEDVTs (34.7% of PEs wertentially due to UEDVT or
both UEDVT and LEDVT). At least 11 out of 54 (28%%) LEDVTs were associated
with PE, and at least 9 out of 67 (13.4%) UEDVTgavassociated with PE. Thus,
although the rate of clinically apparent PE washbigwith LEDVT, the rate with

UEDVT was not insignificant
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Superficial Vein Thrombosis

One other finding of particular interest was thghhirate (3.2% of the total
population) of cephalic vein thromboses - supaficrtein thrombosis. While these
thromboses are not considered DVTs, a high prapodid, in fact, extend into the deep
venous system. We found that 38.1% of cephaliontiwoses ultrasounds were also
positive for UEDVT, suggesting that cephalic clate of clinical significance, if only
because they are strongly associated with DVTfadt 7 patients with “cephalic only”
ultrasounds later proceeded to later develop P&wehter, it is possible that some of the
ultrasounds positive for both UEDVT and cephaliot€lbegan as an UEDVT which
extended into the superficial system, rather themreverse. Therefore, further studies
should be done to verify the rate of cephalic cknsl their propagation into the deep
venous system. Given these findings, and thetfettSVT carries a 4.32-fold increased
risk for VTE, additional studies may also be neetiethvestigate the efficacy of treating
cephalic thromboses as DVTs (29). Furthermorejtiaddl studies investigating the
rates of post-thrombotic syndrome in those patienth superficial vein thrombosis
would be helpful to determine the extent of moryidassociated with cephalic
thromboses.
Thromboprophylaxis

Another impressive finding was the high rate obthboprophylaxis received by
this patient population (over 97.6%). The 9.5% @it VTE, despite the high prevalence
of thromboprophylaxis, may indicate the need forreneffective thromboprophylaxis
techniques, and for VTE screening even while pttiare receiving thromboprophylaxis.

Conversely, the fact that the rate of VTE is lowen that of MICU patients, as reported
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in the literature, of which only 61% received prglaixis, may be an example of effective
prophylaxis at work (15).

Also of interest is the use of multiple thrombogrglaxis techniques. The
majority (66.7%) of patients received two formsttmfomboprophylaxis, most commonly
a combination of SCDs and subcutaneous heparin bishcreasing number of
thromboprophylaxis techniques was protective agaisE (OR: 0.6, CI: 0.4 — 0.9,
p=0.013). This may be an additional reason wigyrate of VTE in the NICU was
lower compared to other ICU populations. Furthtedes may be needed to determine
the efficacy and cost-effectiveness of using mldtgrophylaxis techniques.

Despite a 40-fold risk reduction with use of SCsl &eparin bid demonstrated
in an earlier study (36), thromboprophylaxis did appear to be as strongly associated
with VTE reduction in the NICU. However, due tethear universal use of prophylaxis,
our study may not be able to accurately assesastwriation between SCDs, heparin bid
and VTE.

Finally, after multivariable analysis, VTE prophyisa was shown to be
significantly protective against VTE. This versi¢he value of VTE thromboprophylaxis
in the NICU population.

Risk Factors

Four potential risk factors for VTE in NICU patientvere discovered after
multivariable analysis: central venous catheterMAVWnechanical ventilation and history
of prior VTE. In addition, history of Ml and weighwhile not statistically significant,
were trended toward association with VTE. Theséofa may be mechanistically related

to VTE, that is, the direct cause, or may simplynerkers for the true cause of VTE.
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Central-venous catheter use (previously demonstr@R: 5.55, Cl: 1.57 — 19.58) (29),
mechanical ventilation, documented prior VTE, weighd acute MI have all been shown
to be VTE risk factors in other populations (12, 23, 32, 58). However, AVM has not
been previously shown to be a risk factor for VHigr has a history of MIl. Given our
findings, those patients undergoing mechanical ilaioin, central-venous catheter
insertion, suffering from AVM, or with a history &VT, may have an identified risk for
VTE compared to other NICU patients, though thesle factors need to be individually
verified. Studies investigating the efficacy of maggressive thromboprophylaxis or
screening for these patient populations are needed.

AVM was found to increase the risk for VTE in théQW population by 4.9-fold
and may be useful as an admission screening tdal. our knowledge, AVM is a
previously undiscovered risk factor for VTE. Theoktgy of AVM as a risk factor is
unknown as well. However, one might speculate ttreg abnormal vasculature
comprising the AVM may either predispose to a lzea vasculitis or release of clotting
factors. Of note, there were 13 cases of AVM (3.6R4he NICU population), 3 of
which had concurrent ICH. Despite the relativelg@ammon nature of AVMs, the large
odds ratio for AVM as a VTE risk factor argues tbe clinical importance of this risk
factor. Based on these findings, patients admitttethe NICU with AVM may be at
higher risk for VTE. Future studies are needetht@stigate whether more aggressive
screening and prophylaxis would be of clinical Harier these patients.

Central venous catheter placement has also beemnstmbe a risk factor for
VTE in the NICU population and is a previously-demswated VTE risk factor in other

populations. In fact, among the general popufatiplacement of a central venous
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catheter has been shown to increase the odds ofdyTES5 (29). Our study found that
central venous catheter placement carries an @didsaf 2.5, lower than that of previous
studies. The risk is likely lower because, in @ydation with a higher background risk
of VTE, the relative additional increase in riskrfr central-venous catheter, while high,
is lower compared to populations without any eriptiisk factors for VTE. The finding
that catheter placement is a risk factor for VTEthe NICU, is of great relevance
because 41.1% of the NICU population received #&rakvenous catheter, placing a large
portion of this population at nearly three-times tisk of VTE.

Mechanical ventilation is a known risk factor forTE (11). Our study
demonstrates a 2.1-fold increase in VTE risk. T$ief particular interest in the NICU
population due to the high rate of mechanical Vatndn (65.8%). Mechanical
ventilation may be used as a “red flag” for VTEthe NICU and future studies are
needed to investigate whether more aggressiversogeand thromboprophylaxis would
decrease the risk of VTE in patients undergoinghaeical ventilation.

Prior VTE is a known risk factor for VTE. While fg@nts with known history of
VTE would theoretically be well screened and appetely prophylaxed, it was
important to verify this as a risk factor for VT the NICU population. There were only
13 patients (3.5% of the population) with knowntdrig of VTE. Therefore, while the
frequency of patients with this condition is lovagtutility as a screening factor is not,
due to the high associated OR (5.6). In fact,goédi with prior VTE had the greatest
increased risk of VTE after multivariable analysis.

Acute myocardial infarction is a known risk factor VTE and, in fact, 33% of

patients not receiving thromboprophylaxis after taciMl developed VTE (59).
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Interestingly, debate exists over whether commsk factors for cardiovascular disease,
including hypertension and dyslipidemia, are als& factors for VTE. A 2002 study
showed no association of cardiac risk factors Wilte, while a recent, 2008 study, did
(60, 61). However, history of myocardial infarctiohas not previously been
demonstrated to be a risk factor for VTE. HistafyMI was shown to be trending
toward association with VTE, in the NICU populatidhough not statistically significant
(p=0.056). History of MI, though rare (2.1%) isuseful screening tool, since this past
medical history should be known upon admissiort&NICU.

Weight, another previously-known VTE risk factor,asvalso shown to be
trending towards association with VTE, though ntttistically significant (p=0.078).
The OR of 1.01 per kg indicates that the increasddof VTE is incrementally small per
kg. Further studies are needed to more speciiadtermine if there is a weight at
which the risk of VTE rises to the level of reqogi more aggressive screening and
prophylaxis.

Morbidity/Mortality

VTE was significantly associated with longer medidiCU stays (18.5 days
[IQR: 10 — 30] vs. 6 days [IQR: 4 — 11], p=0.00#paospital stays (31 days [IQR: 16.5
— 46] vs. 13 days [IQR: 8 — 19], p<0.001.) Intéiregy, while there was a higher rate of
overall mortality associated with VTE (15.1% of esasss. 8.7% of controls, p=0.060),
and VTE was correlated with a 1.9-fold increaseda@ath, there was only one death
attributable to PE. This low rate of death attti#inle to PE may have been due to
difficulty determining cause of death from the ¢bhaand the low rate of autopsies

performed. However, patients with VTE may have rbagker than controls, and
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therefore, VTE may be a marker for patients ataased risk for death. The fact that
VTE was not significantly associated with deathnoultivariable analysis indicates that
VTE may simply be a marker for increased risk adttlerather than an actual risk factor.
The rates of heparin-induced thrombocytopenia (HimYl bleeding were both
very low, and, while there were two cases of HIToam the cases, there were no
episodes of serious bleeding among cases. Presythabtates of bleeding were so low
because patients at risk for hemorrhage had IVErdil placed rather than being
anticoagulated. However, this hypothesis woulduiregfurther investigation. None of

the patients with either HIT or serious bleedingddduring their hospitalization.

STRENGTHS OF THE STUDY
This study has several important strengths. Fiifstjs relatively large —
investigating a NICU population of 1,318 patient®i05 years. A total of 375 patients
were investigated in detail. The remarkably dethidata collected allowed for a more
complete analysis of the NICU population as a wizold of potential risk factors. Data
collection was obtained directly from the chart adid not rely on ICD-9 codes,
increasing the reliability of data collection anoh particular, case identification.
Furthermore, the fact that each VTE diagnosis watitned and all 1,318 potential
patients had the veracity of their VTE status vedif improves the validity of our
incidence calculations. Finally, this is the fisstidy of the NICU population, which has
a high rate of thromboprophylaxis, and severalulsi#dk factors were identified. These

risk factors, once validated, may be of great cahutility.
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LIMITATIONS

There are several limitations to our study. Fitke population studied was
limited to NICU patients admitted for longer thamde days. Therefore, conclusions
drawn from this study are limited to this specp@tient population and we cannot draw
any conclusions about NICU patients admitted fes lthan 3 days. Additionally, there
were only 125 cases of VTE in this population, tlesling to wide confidence intervals
and limiting our statistical power to fully invegéite potential risk factors. However, our
total number of cases was much greater than thahefsimilar previous study (15) and
similar to others (31, 18).

Another potential limitation of this study is thedses and controls were matched
based on whether they received surgery of any ldodng their hospitalization.
However, they were not matched based on lengthyme of surgery. In fact, upon
review, there are 13 cases that received surgéey thie diagnosis of VTE and therefore
may not be true matches. However, upon furthelyaisaof the dataset with those 13
cases and their respective controls removed, thgststally significant factors on
univariate analysis were unchanged other thanbkigon of sex. After multivariable
analysis, the significant factors remained unchdndkough history of Ml was also
significant and the OR for each variable was afféctThis indicates that those 13
mismatched cases did not affect the ultimate c@mmhs regarding our above stated
potential risk factors. However, further studies aeeded to verify the rates of surgery
and the conclusions of this study with surgery ecity controlled for, particularly the

ORs.
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One potential limitation to the finding of only odeath attributable to PE is that
official cause of death was difficult to determime many cases. Patients generally
suffered from multiple serious medical conditioss,an exact cause of death could not
be determined in many cases. In such cases, tle@bsdwere coded as not attributable
to PE. Therefore, the true number of deaths atitlle to PE may be higher, particularly
given the higher rate of overall mortality amongesvs. controls.

Another limitation is the inability to be complegetertain that all VTE were
diagnosed. There is always a possibility thaticélly silent VTEs occurred, which was
not detected on screening. However, a large nurmbscans were performed, making
the possibility that VTEs were missed due to a gl scans, less likely. However,
only a study which screens for VTE at regular wvéés could determine the precise
incidence of VTE in this population. Additionalli,is possible that documented “prior
VTE” in certain patients was still present upon NI@dmission and not a new clot
developed while in the NICU. Also, due to incoteigies with recording hemorrhagic
strokes, we were unable to study this known rigitefig as a potential risk factor in the
NICU population (34). Nasogastric tube and uretloatheter were nearly universal in
their use in the NICU and therefore unable to lelistd as potential risk factors in the
NICU (35).

Limitations intrinsic to all retrospective studiesust be acknowledged as well.
Many of the risk factors studied were not hypothegibeforehand. Rather, we used
univariate logistic regression to identify potehtiasociations. Therefore, the risk factors
determined by this study require validation. Fearthore, we did not perform a statistical

adjustment for multiple comparisons, again, indigatthe need for future validation.
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Also, we cannot account for the potential for rasidconfounding by factors not
included in our multivariable analysis. Finallntrinsic to all case-control studies, we
cannot test for the factors which were controlled, fmainly year and presence of
surgery. While preliminary analysis shows diffdéreates of VTE across the 5 years,
future studies are needed to further investigagettbnd, as well as surgical trends.

An additional limitation is that ICH, mechanicalntgation and sedation were all
correlated. Each of those factors was includethenmultivariable analysis despite this
correlation because they still had potential toimeependently associated with VTE.
Therefore, future studies are needed to validatdindings after controlling for potential
interactions among variables.

Finally, limitations due to the population size shibe addressed. Due the
relatively small patient number, many of the coefide intervals were quite wide and
ORs are unstable. That is, with the addition sslof even a few patients, the ORs may
change dramatically. However, those factors witiremnarrow confidence intervals are
more likely to be truly significant and not subjeéatinstability based on population size.
Therefore, while we can be confident in our conidus regarding association with VTE,
a larger study repeating this investigation is e give more precise estimates of OR.
Also, due to the size of the study, we were unablenclude previously-demonstrated
risk factors that had p>0.05 into our multivarialalealysis. Only those factors with
p<0.05 on univariate analysis were included in maitable analysis. This study does
not disprove the role of those known variablesisls factors in the NICU population.

Rather, they require further investigation as po&nisk factors in the NICU.
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IMPLICATIONS AND FUTURE DIRECTIONS

This study of VTE in the NICU population contribatéo our understanding of
which patients are at particular risk for VTE, whimay prove helpful to clinicians
caring for this population. Future investigatiennieeded to confirm the findings in this
study. Additional studies into whether more aggires surveillance and prophylaxis, in
fact, decrease rates of VTE, are needed. Finfalither investigation into the morbidity
and mortality associated with cephalic clots, iedes.

CONCLUSION

In conclusion, we found a VTE rate of 9.5% in thECN population, despite a
high rate of thromboprophylaxis. There was a trémdards increased mortality in
patients with VTE and a significant increase inglinof hospital and NICU stay. The
study also uncovered a high rate of upper-extre@y§s and SVTs, many of which
appeared to propagate into the deep venous sysldrare was also a large number of
PEs that was potentially due to upper-extremity BVThese findings, taken as a whole,
argue for further investigation of more aggressipper-extremity DVT screening and
thromboprophylaxis.  Further studies are also ngetie investigate the potential
morbidity, cost and benefits associated with treptiephalic thromboses as DVTs.

Risk factors for VTE in this patient population lmde central-venous catheter
use, mechanical ventilation, history of VTE andgthiesis with AVM. History of MI and
increasing weight were trending toward associatwth VTE. Future studies will need
to be done to determine if patients with thesediactvould benefit from more intensive

surveillance and prophylaxis.
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TABLES and FIGURES
Table 1 — Previously Determined Risk Factors for VE (13, 29, 32)

Surgery

Trauma (Major or lower extremity)

Immobility

Paresis

Malignancy

Cancer therapy (chemotherapy, hormonal, radiotlygrap

Previous VTE

Increasing Age

Pregnancy and the postpartum period

Heart or Respiratory Failure

Inflammatory Bowel Disease

Smoking

Estrogen and selective estrogen receptor modulators

Nephrotic Syndrome

Obesity

Myeloproliferative Disorders

Central Venous Catheterization

Inherited or acquired thrombophilia — Factor V laxigd Protein C or S deficienc
Antithrombin deficiency, prothrombin gene mutation
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Acute medical illness

Spinal cord injury

Varicose veins

Table 2: Summary of Prior Studies Demonstrating Thomboprophylaxis Efficacy

No. of No. of No. of Patients Incidence, Risk
Regimen Trials Patients With DVT % 05% CI Reduction, %
Untreated contols®-142 54 4310 1.084 i} 2497 —
Aspirip 10 12134 148 3 mn 76 20 16-25 20
gl 55 10 3 196 % 14 1020 4
Low-dose ]er;llingf"gf- B4, 8, B8-102 47 10,338 T84 § 78 i
104111, 113, 114, 118, 117, 147-171

LMWHLT-180, 17, 172177 7l 0,364 =05 6 6.1 "
[PC128 L 2 132 4 3 1§ 8

*Poaled data from randomized trials using fibrinogen leg scanning as the primary outcome: superseript numbers are references,

Table from Reference 13, p. 137S
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Table 3: Summary of Rationale for Thromboprophylaxs in Hospitalized
Patients

Table 2—Rationale for Thromboprophylaxis in Hospitalized Patients

Rationale Description

High prevalence of VTE Maost haspitalized patients have risk factors for VTE
DVT is common in many hospitalized patient groups
Hospital-acquired DVT and PE are usually elinically silent
Difficult to predict which at-risk patients will develop symptomatic thromboembolic
r.r.J1nplic;1ﬁnns
Screening at-risk patients using physiuul examination or noninvasive testing is neither
effective nor cost-effective
Adverse consequences of unprevented VTE Svmptomatic DVT and PE
Fatal PE
Costs of ivestigating symptomatic patients
Rishs and casts of treating unprevented VTE, especially bleeding
Increased future risk of recurrent VIE
Chronic post-thrombotic syndrome
Efficacy and effectiveness of thromboprophylaxis Thromboprophylass is highly efficacious at preventing DVT and proximal DVT
Thromboprophylas is highly effective at preventing symptomatic VTE and fatal PE
The prevention of DVT also prevents PE
Cost-effectiveness of prophylaxis has repeatedly been demonstrated

Table from Reference 13 p.339S

Table 4: Meta-analysis of DVT Prevalence in CritichCare Populations Previously
Studied, Not Receiving Thromboprophylaxis

Table 16—Prospectice Studies of DVT Rates in Critical Care Patients Not Receicing Prophylaxis

Study Vear Type of ICU patient Method of Diamosts No DVT Prevalence, %
Moger et al™/195] Respiratory [CU FUT 3 13
Cade®/1952 General ICU FUT Approximitely 60 piy
Coldbery et al™/1596 Respiratory fulure Proamal DUS 1§ 19
Kapoor et a/1999 Medical 1CU Serial DUS 340 3l
Fraisse et a™42000 Ventilated COPD Venagraphy 85 2

Table from Reference 13 p.373S
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Table 5: DVT Prevalence Among Previously Studied Rulations

Table 4—Absolute Risk of DVT in Hospitalized

Patients™
Fatient Croup DVT Frevalence, %
Medical patients 1020
Ceneral surgery 1540
Major gynecologic surgery 1540
Major urologic surgery 1540
MNeurosurgery 1540
Stroke . 2050
Hip or knee arthroplasty, hip fracture surgery 4060
Major trawma 4050
F.wpi.nul cord injury HO—S0
Critical care patients 1050

*Hates based on objective diagnostic testing for DVT in patients not
receiving thromboprophylaxis.,

Table from Reference 13 p.340S

FIGURE 1

Data Collection Form: NICU study of DVT/PE*
Demographics

* MRN:

Date of hospital admission:

» Date of hospital discharge:

+ Date of NICU admission:

» Date of NICU discharge:

» Date of birth:

» Sex(circle): M/F

* Race (circle): White Black Hispanic Asia@ther

e Height (cm):

* See Appendix 1 for sources used for data collectis well as, definitions and rules for each gigae.
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*  Weight (kg):

Status Upon NICU Admission

* Primary Diagnosis upon admission to NICU: (circle)
o Stroke: Thrombotic Hemorrhagic
o Brain Tumor
o Spinal Cord Injury
o Hemorrhage: Subdural Subarachnoid Intracranial
o Hydrocephalus
o Cerebral aneurysm
o Pharmacologically resistant epilepsy

o0 Other (specify):

* Neuro exam results upon admission to NICU:
o GCs:
o Plegia/paresis (circle): Paraplegic Quapthgic

o Limb side (circle): Left Right

Medical History:
(As documented upon NICU admission. Circle anyliapple conditions)

» Cardiac: Atrial fib. Prosthetic valve(s) Mbardial infarct. Cardiomyopathy
* Nephrotic Syndrome
e Leg fracture (in a cast/on crutches/ immobilized)
e Smoking status: Current Former Never
* Alcohol intake:
o No EtOH Non-abusing level
o EtOH (social or one drink per day)
o0  Abusing/excessive level EtOH (larger quantityorgled or “alcoholic”)

e Documented prior DVT or PE:
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DVT Date of DVT diagnosis:

PE Date of PE diagnosis:

Actively being treated at time of NICU admission”ES ~ NO

Filter: YES NO

* Malignancy (w/in 12 mos, other than non-melanonia skncer: YES NO
Metastatic: YES NO
» Hypercoagulability state: YES NO
(Includes: Factor V Leiden, Antiphospholipid AntdhoSyndrome, Factor S deficiency, Factor C
deficiency, Heparin-induced thrombocytopenia syntgpMutation in methyltetrahydrofolate
gene, Prothrombin mutation, Hyperhomocystenemiaitdombin Il deficiency)

* Pregnant (currently): YES NO

Current Medications/Drugs upon NICU admission (cirde):

Estrogen (HRT) Birth Control
Coumadin  Heparin Plavix Aspirin

Other related drugs (specify):

Procedures/Conditions During Nicu Stay (including 3 days prior)

Post-NICU admission meds (circle):
o Estrogen (HRT) Birth control
0 SQ heparin 5000 bid SQ heparin 5000 tid
o0 Lovenox 30 mg/d (LMWH) Clopidogrel/Plavi
o Aspirin 324 mg/d
0 Mechanical device
o Other related anticoagulants

» Bed Rest -assumed unless documented as ambulatory YES NO

» Mechanical Ventilation (within 3 days prior to NICU admission or any timhering NICU stay):

o YES NO
o date of first ventilation day in NICU:

defined as a day where the patient is ventilatednfore than 3 hours for reasons
other than surgery
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(only the first time if there were periods withogntilation)
o date of last ventilation day in NICU:
(the very last time if there were periods withoehtilation)

Intubation (if length of time between multiple intubations<i48 hours, count as one intubation
episode)

o date of insertion

o date of removal

Sedation — continuous infusions onlyrecord dates of start/finish)

o Fentanyl: start:  finish:

o Morphine: start:  finish:

o lorazepam (Ativan): start: finish:

o midazolam (Versed) start; finish:
o propofol (Diprivan) start: finish:

o Other: start: finish:

Paralytics: (record dates of start/finish):
o YES NO
0 Start date:

o Finish date :

Catheters:
0 groin catheter  #: LEFT RIGHT
0 dates: insertion removal
0 subclavian #: LEFT RIGHT
0 dates: insertion removal
o Wline # LEFT RIGHT
o Dates: insertion removal
Tracheostomy: YES NO
o Date:

Blood transfusion during stay: YES NO



e Urethral catheter: YES NO
o Dates: insertion removal
* Feeding tube: YES NO
o Dates: insertion removal
Surgery

e Surgery: Y/ N

(0]

(0]

o

Date:
Length to the minute:

Type (circle):

Tumor removal Evacuation of blood shuasertion

Vascular surgery (aneurysm/AVMs etc) Other:

Craniotomy: YES NO

» Prophylaxis: type/dosage used intraoperativelycircle):

(0]

(0]

(0]

(0]

DVT Diagnosis

e Date of DVT diagnosis:

« Date of PE diagnosis (if applicable):

SQ heparin 5000 bid

SQ heparin 5000 tid
Lovenox 30 mg/d (LMWH)
Clopidogrel/Plavix

Aspirin 324 mg/d
Mechanical Device

Other

(including within two days of discharge from NICU)

» Test(s) used to diagnosdcircle and fill in date of every test):

(0]

(o]

DUS POS NEG
0 Date

VIQ POS NEG
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o Date
o Pulmonary angiography POS NEG
o Date
o Venography POS NEG
o Date
o CT angiography POS NEG
o Date

o Other Date

Why the test was donécircle):
o routine (e.g., biweekly, standing order test)
o clinical suspicion (e.g., special doctor’s ordee dao presence of S/S

Ambulatory status upon diagnosigassumed immobile unless documented as ambulatory)
(circle):

Ambulatory NOT ambulatory
Prophylaxis in use prior to diagnosiqtype, dose, frequency, route):
0 SQ heparin 5000 bid
0 SQ heparin 5000 tid
o Lovenox 30 mg/d (LMWH)
o Clopidogrel/Plavix
o Aspirin 324 mg/d
0 Mechanical

Mechanical prophylaxis prior to diagnosis(include dates initiated/discontinued if more ti3an
hours per day):

o Intermittent external pneumatic calf compressidtQ)/Venodyne boots dates: start

finish

o Graduated compression stockings/TED stockings

dates: start finish

o Electrical stimulation of calf muscles

dates: start finish

0 Rotating tables
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. 65

finish

» Location of DVT if documented(circle):

(0]

» Presence of PE at time of DVT diagnosis:

LEFT

RIGHT

proximal lower limb distal lowmb

proximal upper limb distal upper limb

YES NO

(based on concurrent diagnosis)

» Presence of and type of associated symptoms at timediagnosis (circle if applicable):

(0]

(0]

(0]

o

o

palpable cords: Left Right
swelling Left Right
redness Left Right
warmth Left Right

pain Left Right

DVT TREATMENT UPON DIAGNOSIS (CIRCLE ALL APPLICABLE):

» |VCfilter:

Date of insertion:

» Pharmacological:circle dose/freq/route

(0]

o

o

(0]

(0]

Date initiated:

IV unfractionated heparin
SQ LMWH
Coumadin

Other

» Radiological intervention

o

o

Date

Type

COMPLICATIONS/NEGATIVE OUTCOMES : circle any applicable

*  Pulmonary embolism:

(0]

(0]

date of diagnosis

test used to diagnose




. 66

0 treatment

Bleeding (defined as hemorrhage requiring a blood transfusiantracranial hemorrhage as
demonstrated by change in neuro exam and suppayt€d scan)

o date diagnosed:

o transfusion required: YES NO
Venous ulceration

o Date diagnosed:

0 Limb: L R
Death

o Date of death (must be within 3 days of d/c):

o Related to the PE?: YES NO

(Record all deaths in the time frame so can rgpententage of deaths attributed to DVT/PE)
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APPENDIX 1

Specific information gathered and rules for eackadaiece (source of information, definition of

positive result) are contained below:

Demographics:

MRN: Excel file.

DOB: SCM Patient info section or from paper chart.

Hospital admission/discharge dates: Excel file.

NICU dates: Dates of first and last acute care fitwets, provided stay was three days or longer.
(If there was a break between 3+ day stays, entiedery first day and the very last day.) If
there was any indication in progress notes or disghsummary that part of hospital stay was in a
non-neuro ICU, the progress notes were thoroughlhiewed so that the accurate NICU-specific
flow sheets were reviewed.

Race and Gender: SCM

Height (inches) /Weight (kilograms): Obtained fromrsing admission assessments, paper chart
or CCSS, anesthesia pre-op or intra-operative #twets, or from nutrition initial assessment.

Occasionally the weight was obtained from the dfiilw sheets.

Status Upon NICU Admission:

Diagnosis: Primarily obtained from discharge summéfra secondary diagnosis was listed, (e.g.,
subarachnoid hemorrhage due to cerebral aneurysnh) ,were recorded. Occasionally, diagnosis
was obtained from the patient info section on SGMLGSS.

GCS: First GCS listed on first acute care flow shHethe patient was intubated or had a C for
eyes closed, only the number was recorded. For jgbearifi the GCS was 71 on the flow sheet, a
GCS of 7 was entered. However, if the GCS was oembes less than 3, it was recorded as 3.
Plegia/Paresis: Obtained from discharge summary veasl the status upon admission to the
NICU. If the patient was recorded as moving allr&) or 5/5 strength, or good strength on the
progress notes or discharge summary, then it wasvaed no paresis/plegia was present. Also, if
it was recorded in the discharge summary that #teept did, in fact, have a hemiparesis, even if

not initially recognized, that was recorded as miparesis.
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Medical History:
 Medical History: Obtained from Discharge summapypgress notes, occasionally CCSS.
Specific medical history data recorded included:

o Cardiac: recorded hypertension, presence of prtisthralves, congestive heart failure
(CHF), cardiomyopathy, hypercholesterolemia/lipidigm Diabetes Mellitus (DM),
myocardial infarction (Ml), and coronary artery elise (CAD). There was also a place
for “cardiac other.”

o Renal: nephrotic syndrome or chronic renal insidficy (CRI).

o Fracture: leg fracture, or arm fracture.

o0 Smoking/Alcohol status: Obtained from admissionsing assessment in CCSS or chart,
from anesthesia notes, or progress notes. Smadtiaiys was recorded as current,
former, or never. Alcohol status was recorded #Bee none, non-abusing (1-2
drinks/day), or abusing/excessive (>2 drinks/dajdusing/excessive was also recorded
for those patients listed in the chart as a know@HEuser, alcoholic, abuser or drinker.

o Prior DVT/PE, including date and treatment prioatimission: Obtained from progress
notes, discharge summary, and occasionally, fremiagnostic imaging on SCM.

o Malignancy: Non-melanoma skin cancer was not inetldOnly malignancies within the
past 12 months were considered positive. Whethdignancy was metastatic was also
included. Primary brain tumors generally not coestd metastatic, e.g., GBM or
oligodendroglioma.

0 Hypercoagulable state (hereditary): If documentediiscovered during hospital stay, the
disorders were listed on the form.

o Pregnant — If documented anywhere in chart.

e Admission Medications: Documented home medicatioase obtained from progress notes, and
included anything relating to sedation or anticdafjon initiated in the emergency department. In

addition to those listed, heparin, Lovenox and Wi@elebrex were also recorded.
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Procedures/Conditions During NICU Stay:

e Post-NICU Medications (including mechanical promtxys): Any relevant medications were
recorded. Information obtained from 7MED medicatamministration documents, order sheets or
patient records for drugs. Recorded relevant dadysinistered at any time during NICU stay.
Mechanical device information was obtained fromta@are flow sheets.

» Bed Rest: Assumed, unless documented as out fdx@8) within the first 3 days of stay.

* Mechanical Ventilation: Patient was consideredréseive mechanical ventilation if on a
ventilator, CPAP, or BiPAP. For the specific datésnechanical ventilation, a day was defined as
a day where the patient is ventilated for more tBdmours for reasons other than surgery. If there
were multiple ventilation periods, the first dagethe first date recorded as having mechanical
ventilation, and the last date is the last datendsd from acute care flow sheets, despite periods
without ventilation.

» Intubation: The first date and last date were iokthfrom flow sheets. Again, intubation defined
as being intubated longer than three hours, cotisety for reasons other than surgery. Again, if
there were periods in between without intubatiorly ¢he first and last dates were recorded.

» Sedation: We had originally intended to recordtfidate and last dates of sedation, but later
determined the presence or absence of sedatioloriger than six hours was a more relevant
finding. Continuous infusions were only as listanl acute care flow sheets, and were the only
form of sedation considered positive. That isgiimtittent injections or intermittent oral doses of
benzodiazepines were not considered positive.

» Paralytics: For paralytics, start and end dategwecorded for any period of paralysis longer than
six hours. If multiple times, then the very firstdhlast were recorded. This data was obtained from
acute care flow sheets (continuous infusions only).

e Catheters: Use of internal jugular (1J), subclayigdCC, and femoral lines were considered
positive. Dates inserted and removed based or @ené flow sheets were recorded, as was body
side. Occasionally, if ultrasound record of a cathevas present on SCM, that was used as well.

» Tracheostomy during hospitalization: This was aiedi from the operative note on SCM, or in

chart, from discharge summary, or from anesthessassments.
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Blood Transfusion: Based on transfusion recorchiart.
Urethral Catheter and Feeding Tubes: Initially rded for cases, but not recorded for controls, as
we did not deem them as potential risk factorsniestigate at this time, and results would be

confounded by the increased immobility of patiesith these devices.

Surgery:

Surgery: Details were based on operative repoatt 8hd stop time from circulator nurse record,
secondarily from the anesthesia intraoperative rcecoThe type of surgery performed was
categorized as evacuation of blood, tumor remoiaify, spinal surgery (e.g., fusions),. or
vascular (e.g., aneurysm clipping/coiling). We alsoorded craniotomy or burr hole technique if
recorded on operative report or intraoperative ng£o

Intraoperative Prophylaxis: Recording was basedimulator nurse flow sheet. If heparin 2000

units or more was documented as being administéred,this information was recorded.

DVT Information:

DVT Information: Date of PE or DVT diagnosis bagedfirst positive diagnostic imaging result.
DVT Imaging : Information gathered from SCM. Assdegbed above, all DUS, V/Q, CTA, and
relevant venography/angiography results were dootewe for the entire hospital stay, both
positive and negative, including date, limbs imagferklevant, as well as V/Q results as low,
intermediate, or high probability.

Signs and Symptoms: Any signs or symptoms leatiinthe imaging were obtained from the
imaging report or from the discharge summary orgpess notes. If there were any
signs/symptoms present at the time of the imagiodatity, the imaging was considered to have
been conducted based on clinical suspicion. Ify dprolonged ICU stay” or “bed rest” or
“immobility” were listed on the imaging report, thereening test was considered routine.

If there was a PE at the time of DVT diagnosisyioe versa, then that information was gathered
from the SCM diagnostic imaging. Positive reswire defined as above, and were recorded in
detail — occlusive vs. nonocclusive, limb side, aidveins involved. Ambulatory status on
diagnosis was based on the acute care flow sheeb@rasionally progress notes. Patients were

considered not ambulatory unless documented ag bathlib” or “OOB”.
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Prophylaxis used prior to diagnosis was basedam $heets (for mechanical devices) and 7TMED
summaries.

Mechanical prophylaxis start and end dates wererded for cases only, in an attempt to
document use prior to DVT. However, only the us@an-use of mechanical prophylaxis during

the NICU stay was documented for controls.

DVT Treatment Upon Diagnosis:

Treatment information for PE/DVT was based on salveources. IVC filter placement date was
primarily from SCM, although occasionally from thdischarge summary. Pharmacologic
information was obtained from flow sheets for hépalrips and from 7MED summaries for all

other pharmacologic interventions.

Complications/Negative Outcomes:

Pulmonary embolism details were obtained from th&rees above, primarily SCM for date, and
method used to diagnose. Treatment was from SO filter), discharge summary, and 7MED
summary.

Bleeding: Defined as hemorrhage requiring a bloadsfusion, or intracranial hemorrhage as
demonstrated by change in neuro exam and suppbytedT scan. Based on mention in the
discharge summary and supported by progress notesliographic confirmation.

Venous Ulceration: Based on mention in dischargemsary, and corroborated by progress notes
noting date and limb side.

Heparin-Induced Thrombocytopenia (HIT): Recordedéveloped or not, based on discharge
summary.

Date of Death: Based on SCM patient info sectiath @rroborated by acute care flow sheets. All
deaths were recorded, but were only documenteduastal PE if autopsy report indicates, or if
death appears to be due to hypoxic event in/ardumel known PE was diagnosed, and no other

obvious cause of death is apparent (e.g., pat@ritmown to be rebleeding or herniating).
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