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Abstract

Title of Dissertation: Stress Ulcer Prophylaxidntensive Care Units: Use, Benefit and

Risk

Mohammad Aljawadi, Doctor of Philosophy, 2014

Dissertation Directed by: llene Zuckerman, ProfesBbarmaceutical Health Services

Research

Stress ulcer prophylaxis (SUP) is a standard af t@rintensive care unit (ICU)
patients with stress ulcer risk factors (SURFsytéir pump inhibitors (PPIs) and
histamine-2 receptor blockers (H2Bs) are commosBduas SUP. The higher potency of
PPIs suggests more reduction in clinically impargastrointestinal bleeding (CIGIB)
compared to H2Bs but higher risk of nosocomial pnenia (NP) and clostridium-
difficile associated diseases (CDAD). The goalthedf study are to describe factors
associated with SUP use and determine whetherd?@ssociated with lower risk of

CIGIB and higher risk of NP and CDAD compared ta&42n the ICU.

Using Philips elICU Research Institute ICU databasmhort of 572,519 adults
admitted to 293 ICUs between 1/1/2008 and 6/30/2G42 created to study SUP use,
overuse and outcomes. SUP use was defined asrfirisilation PPIs, H2Bs, sucralfate
or antacids during the ICU stay while overuse wettnéd as the use of the
aforementioned classes without an indication. Maltiable logistic regression was used

to identify factors associated with use and witeroge. Discrete-time Cox proportional



hazard multivariable regression models were useongpare PPIs to H2Bs with regard

to CIGIB, NP and CDAD.

The cohort comprised 76% Caucasians and 54% n&ll#3.use was high
(86.4%). While most of SURFs predicted SUP receiqgchanical ventilation for more
than 24 hours (odds ratio (OR) =10.6, 99% CI: A&l and organ transplantation
(OR=13.3, 99% CI: 6.9-25.7) were the strongestiptes. Overuse of SUP medications
was observed in 80% of patients with no indicatioHszard of CIGIB was two times
greater for PPI users compared to H2B users (ajusdzard ratio (HR) 1.97 (95% CI:
1.48-2.63). Hazard of CDAD was not significantlyfelient between the PPIs and H2B
users (HR: 1.12, 95% CI. 0.89-1.41), while the n$INP was lower among PPI
compared to H2B users (HR: 0.87, 95%CI: 0.77-0.Apwledge generated from this
study on factors associated with SUP use in the BZld comparative risks and benefits,
can be used to identify and design interventiorismfmrove guideline adherence and

improve appropriateness of use and outcomes.
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Chapter I. Introduction
A. Study Motivation

The process of weighing the risk and benefit ofap&s is a pivotal component of
health care decision making. It is integrated ffedent levels of health care delivery
from formulary decisions to clinicians’ decisioni Intensive Care Units (ICH),
numerous interventions have been part of routine afier proving that their benefits
outweigh their risks in clinical trials. Howeven, daily routine practice outside of the
clinical trial environment, many factors influenttee effectiveness and safety of these
interventions. Consequently, the real world effemtiess and safety of such interventions
are not well-known. Stress Ulcer Prophylaxis (S@Rn example of these
interventions. Many clinical trials have demongstththat SUP leads to a reduction in the
risk of gastrointestinal bleeding (GIB) and, hereceeduction in ICU mortality and
length of stay (LOS). However, the drugs used fdPSmainly acid suppressants, have
been implicated in increasing the incidence of sosaal pneumonia (NP). Furthermore,
recent studies have linked the use of proton purhipitors (PPIs), which are used as for
SUP, withClostridium difficileassociated disease (CDAD) in community settings.
While multiple meta-analyses concluded that theebeaof SUP (i.e., a lower risk of
GIB) outweigh the risk of NP, no clinical trial hagplored the benefit of SUP while

taking into account the risk of CDAD in the ICU.



Another piece of the puzzle is SUP utilization awerutilization in ICU practice.
Since the introduction of the American Society @&ah System Pharmacists guidelines,
many aspects in ICU practice have changed sudfedsatroduction of proton pump
inhibitors (PPIs) as one of the main SUP modalitlemany ICUs nowadays. In
addition, ICU care itself has changed with theadtrction of more sophisticated
equipment and better staff training which may redilne need for these medications.
Furthermore, the nature of ICU care that requitesecmonitoring and the advances in
information technology created large ICU-basedlolas that can be used in conducting
observational studies on large number of patiddespite all these changes, the majority
of the SUP-related studies focused more on exgdhe benefits and risks of SUP rather
than exploring who is using these medications & werld and the degree of
incongruence between the guidelines and real woHd.latter is important in identifying
SUP overutilization and the topics that require enowvestigations. Many studies have
documented overuse of SUP both in ICUs and evéospital wards where SUP is not
indicated. Moreover, this overuse has been assaolvaith significant financial burden
not only due to unnecessary use in ICUs but algotdwontinuation of use after hospital

discharge.

These knowledge gaps obscure clinicians, formuagysion makers and guidelines
developers from arriving to a clear informed demisiegarding the safety and
effectiveness of SUP. In addition, understandindP $itilization and overutilization is
important to determine areas where more implemientaf the guidelines is needed and

the areas where more research is necessary.
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B. Research Questions and Aims:

Research Question 1How is SUP used in real world ICU settings and wdra the

characteristics of patients receiving these drugs?

Aimla: To describe SUP utilization by exploring the usditierent SUP strategies,
determining its adherence to the guidelines aneraehing factors associated with SUP

utilization.

Aim1b: To quantify SUP overutilization and determine fastassociated with it.

Research Question 2Compared to histamine type-2 receptors blocker8jHare
proton pump inhibitorassociated with lower risk of clinically importagéstrointestinal

bleeding (CIGIB)?

Aim2a. To determine whether or not PPIs are associatddanibwer risk of CIGIB
compared to H2Bs.
2a.| hypothesize that the receipt of PPIs leads toveel risk of
CIGIB compared to H2Bs.
Research Question 3Between proton pump inhibitors and Histamine-2 jpémes
blockers, which therapeutic class is associated igher risk ofClostridium difficile

associated disease (CDAD) and which is associaittdhigher risk of NP?

Aim3a. To determine whether or not PPIs are associatddantiigher risk of CDAD

compared to H2Bs in real world ICU settings.



3a.l hypothesize that the receipt of PPIs is assodiatih a higher risk of
CDAD compared to H2Bs.
Aim3b. To determine whether or not PPIs are associatddangreater risk of NP

compared to H2Bs in real world ICU settings.

3b. 1 hypothesize that the receipt of PPIs is assodiatih to a higher risk

of NP compared to H2Bs.

C. Importance and Significance:

The proposed study is important for a number adega. First, while the results of
clinical trials provide information regarding riskad benefits of SUP drugs, how
clinicians actually use these drugs in daily pcts less clear. This is the first
population-based study that describes the utibmadf SUP drugs in the U.S. ICU
setting. It will shed light on the characteristadgatients who are being prescribed these
medications as well as the patterns of SUP utibmaind overutilization in real world
settings. Stress ulcer prophylaxis overutilizai®defined as any use of SUP
medications without indication for stress ulceramy studies have documented overuse
of SUP both in ICUs and even in hospital wards wi®UP is not indicated. Percentages
of overutilization varied from 19% to 92% Studies have reported in-hospital annual
cost of inappropriate use between $11,000 and $23'0Moreover, this overuse has
been associated with significant financial burdenaonly due to unnecessary use in ICUs
but also due to continuation of use after hospits¢harge. For instance, in 2010 Thomas

and colleagues used a managed care organizatiaibadat of 29,348 beneficiaries who



were prescribed proton pump inhibitors (PPIs) mmiDU. They reported that 68.7% of
the patients were inappropriately discharged oRlka IR this study, between 2003 and
2006, the total cost of PPIs use after one montieofg discharged from the hospital was
$3,013,068 Such descriptive pharmacoepidemiological infororatientifies the degree
of adherence to clinical guidelines and the gapadsen real world practice and
guidelines of best practice. Thus, it reveals tleaswhere more research is needed as

well as the areas where more implementation ofedimes is warranted.

Second, despite the fact that studying the effenegs of acid suppressants using real
world data is important in its own, ignoring theks that may be associated with their use
provides incomplete information to clinicians, gelides developers and formulary
decision makers regarding the role of these dnug®proving care in ICU settings.

Thus, studying the safety of these medicationgahworld settings where larger number

of patients receives them provides this missingep research.

Third, CDAD is a condition that has been documemteidcrease ICU mortality and
length of stay. However, few studies have looketthatassociation between CDAD and
SUP in ICU settings. Therefore, ascertaining tteeaigtion between acid suppressants
and CDAD unveils crucial information about the $afef these drugs and the
characteristics of patients who are vulnerabldi® side effect if it truly exists. On the
other hand, demonstrating a lack of associatiowéden acid suppressants and CDAD
would be important to reinforce clinicians’ knowtggland increase their confidence in

using these drugs.



Fourth, the Philips elCU database that was uséuisrstudy comprises almost 300
ICUs from 40 health systems across 34 states. dwelty and the importance of this
database come from the fact that it is the fingjddCU database that is available for
multiple years (2008-2012) and a large number Gépts. Thus, the database allows
detecting even small effect sizes and exploringeffect of PPIs and H2Bs among
patients subgroups who are at varying risks okstrécer; two advantages that could
otherwise only achieved by a very expensive cliri¢al that has a very large number of
patients. In addition, the database provides aaradge of controlling for clinical

confounders that are not available in administeatiaims data.

The remaining of the dissertation is divided atofes: Chapter 2 includes a
comprehensive review of SUP literature. Chapteelhdates a detailed description of
the data used in these studies. Chapters 4-6 grdlwvide manuscripts corresponding to
the three aforementioned research questions. L.&tigpter 7 is a discussion of the
findings from the three manuscripts, implicatioas durrent practice and future research

directions.



Chapter II. Background and Literature Review
Stress-related mucosal damage (SRMD) was firstridbestin 1842 by T.B. Curling

who presented a case series of patients who deackliypodenal ulceration following
extensive burn& Since that time, several observational studiesrandomized
controlled trials (RCTs) have shed light on the haggsms by which stress leads to GIB
as well the prophylactic modalities used in preve@nGIB due to stress. Despite the rich
literature, many controversies still exist regagdivhich therapeutic class provides the

most benefit with the least risks in different pati subgroups.

A. Epidemiology:
1. Definitions of Stress Ulcer Bleeding:

Gastrointestinal stress ulcer bleeding has three deinitions in the literature;
occult bleeding, overt bleeding and clinically innfamt gastrointestinal bleeding
(CIGIB). Occult bleeding is identified through acé sample that shows a positive
guaiac test with no indication of overt bleedin@vert bleeding is generally defined as
vomiting of fresh blood (hematemesis) or digestieddh, commonly described as coffee
ground emesis, dark stools (melena) or the existehblood in the aspirate of the
nasogastric tub®®. However, not all overt bleeding episodes areadity important.
Therefore, the definition of CIGIB includes bleegli@pisodes that may have an effect on
morbidity or mortality. Clinically important bleeafj is defined as gastrointestinal
bleeding that is accompanied by hemodynamic chai@msk et al® produced one of
the widely accepted definitions of hemodynamic ¢ including any of the following

outcomes within 24 hours of bleeding:



1) Atleast 20 mmHg spontaneous reduction in systdbod pressure (SBP)
2) At least 20 beats/minute increase in heart rate.

3) Atleast 10 mmHg reduction in SBP measured omgittip.

4) At least 2 g/dl reduction in hemoglobin (Hgb) acgamied by the receipt of

transfusion after which Hgb did not rise by the temof units received -2 g/dI.

a. The Incidence of Stress Ulcer and Related Bleeding:
In general, almost 60% to 100% of ICU patients tgyv&RMD with the majority

occurring during the first 24 to 72 hodfs™.  Not all SRMD episodes progress to occult
bleeding; the incidence of occult bleeding rangesvben 13% and 509> With

regard to overt bleeding, old studies that hachagilo arm, which represented the natural
progression of the disease, reported an incidehoeent bleeding that reached up to

30% in the placebo group.

In 1999, the American Society of Health-System Ritzanists (ASHP) published
guidelines for SUP in critical care settings. Aattime, the guidelines reported the
incidence of CIGIB to range between 2% to B%Interestingly, the implementation of
the ASHP guidelines have led to a reduction inilisglence of CIGIB in studies

published after the guidelines implementation tmymbetween 0.3% and 492

b. Clinically Important Bleeding and Mortality:

Clinically important bleeding has been linked tdahban increase in mortality as well
as LOS among patients in the ICU. In a prospectiu#i-center cohort study that

included 2252 patients admitted to the ICU, Coo#ll ébund that mortality among



patients with CIGIB was 48.5% compared to 9.1% agnuon-bleeder&’. Seven years
later, in 2001, Cook and colleagues used threg/ticel methods to determine mortality
and ICU LOS attributable to CIGIB among the aforatrened patients. Regardless of
the method used, CIGIB was associated with highatatity (Relative Risk (RR) = 2.9,
95 % Confidence Interval (95%CI) 1.6 to 5.5) antlI0OS (Range: 4 and 8 days)

compared to patients who did not develop CI&IB

B. Pathophysiology of stress ulcer:
1. Natural Defense Mechanisms:

The gastric mucosa is protected via multiple merdmas. A thick layer of mucus and
bicarbonate protects gastric mucosa against hytinoctacid and pepsin which are the
main digestive compounds in the stomach. Just btHevaforementioned layer, cells also
are covered by a glycoprotein matrix that serves pisysical barrier against the gastric
juice. Equally important, splanchnic blood suppigures adequate microcirculation to
maintain constant gastric cell regeneration angeevisceral ischemia. Furthermore,
the continuous movements of the stomach reduceathi@act between gastric juice and

the stomach linings keeping gastric mucosa irftact

2. Mechanism of Stress Ulcer Development:
The exposure to stressful events such as respirititure, extensive burns, sepsis

and other risk factors of stress ulcer leads targpinic hypo-perfusion and ischemia of
gastric microcirculatiod®?® In addition, in most cases gastric motilityésluced due to

lack of enteral feeding, lack of mobility and theewf medications such as muscle



relaxants, anticholinergics, narcotic analgesicaracids. These factors lead to a
reduction in nutrient absorption, accompanied bgaimment in oxygen delivery. In
addition, mucus and bicarbonate production becaiimemished. Consequently, the
mucosal acid-buffering capacity deteriorates makingginner layer of the stomach
exposed to the main destructive factors, i.e. rigaatid and pepsiff*’. Despite the
important role that visceral ischemia plays, mateworthy that gastric acid is an
essential requirement for the pathogenesis ofsstrieers. For instance, in animal
models, under ischemic conditions alone, SRMD inedl4% of the stomach’s body and
3% of the antrum. In contrast, lesions involved 5&he body and 45% of the antrum

upon intra-gastric instillation of gastric aéftf®

3. Risk Factors for Stress Ulcer-Related Gastrointestial Bleeding:

Cook et al's seminal paper in 1994 identified niain two risk factors for
developing GIB. Around 2000 patients above 16 years old weraided in this
multicenter prospective cohort study. . Patienth an overt bleeding that occurred 48
hours before or 24 hours after admission to the W&k excluded. To minimize the
influence of acid suppressants on GIB rates, ¢ingwere advised to give them only to
patients with a definite reason which included hiequties, burns that cover more than
30% of body surface area (BSA), peptic ulcer otrijssdiagnosed by radiography
during the six weeks prior to enrollment and upp# three to six days prior to
admission. The receipt of at least two doses of Hziacids, sucralfate, prostaglandins
analogues or omeprazole defined the receipt of U primary outcome was CIGIB.

The investigators examined the following risk fastof GIB: respiratory failure (RF)
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that required mechanical ventilation (MV) for aadt 48 hours, coagulopathy was
defined as platelet count < 50,000 pef{rah international normalized ratio (INR) > 1.5,
prothrombin time (PT) > 1.5 of the control valuepartial thromboplastin time (aPTT) >
2 of the control value; hypotension, sepsis, hedatiure , renal failure, enteral nutrition,
the use of glucocorticoids, organ transplantatioeh the use of anticoagulant therapy. Out
of the 2252 patients, only one hundred (4.4%) p&tideveloped overt bleeding among
which 33 (1.5%) patients developed CIGIB. Amongeyas who had neither respiratory
failure nor coagulopathy (n=1405), the incidenc€t&IB was 0.1% compared to 3.8%
among patients who had at least one of the twoitiond (n=845). The multivariable
logistic regression results showed that out opatkential risk factors only respiratory
failure and coagulopathy were associated with Cl@id ORs of 15.6 (P=<0.001) and
4.3 (P=<0.001), respectively. The authors estimttatifor other potential risk factors, it
would be necessary to administer SUP to 900 patienprevent one case of GIB. On the
other hand, it is enough to administer SUP to 3&pts who have respiratory failure or

coagulopathy to prevent one case of GIB.

Aside from the aforementioned risk factors, the ASgiidelines recommended the
administration of SUP to the following specific jgaits populations in the ICU settings:
Patients with head injuries who have a Glasgow C8pme (GCS) less than 10, thermal
injuries that covers more than 35% of BSA, hepfdiicire, partial hepatectomy,
transplantation or multiple trauma. Because of ggaltlysiological differences in GIB,
these special populations have been studied sepafiaim the general ICU patient’

The majority of studies conducted on these patipogailations were done in the 70s
11



12303%and the 808> *with few that were done in the 98*. Many of these studies

PY4243nd very few were RCTS*

compared cimetidine or ranitidine to no S&
Thus, while most of these studies proved that H2Bseneficial in reducing overt
bleeding and CIGIB in these specific patients papaoihs,the gaps in current literature
concentrate the comparative effectiveness and sayatf current SUP, i.e., PPIs and
H2Bs, in these patients populationsTable 2.1 summarizes patient subgroups that are at

risk of GIB due to stress ulcer based on the 1988iR guideline® and the 2008

guidelined® of the Eastern Association for the Surgery of TraEAST).

Table 2.1: Risk Factors for Stress Ulcer Related Garointestinal Bleeding in Intensive Care Units

Risk factors of gastrointestinal bleeding due to sess ulcer Source
Major
Mechanical Ventilation > 48 hrs. ASHP & EAST
Coagulopathy ASHP & EAST
Major Head Injuries ASHP & EAST
Major Burns (>35% of BSA) ASHP & EAST
Minor
Sepsis ASHP & EAST
Multiple Trauma Injury ASHP & EAST
Corticosteroid Therapy > 250 mg of hydrocontis@r equivalent daily ASHP & EAST
Spinal cord injuries or Head injuries ASHP
Renal Failure ASHP
Hepatic Failure ASHP
Partial Hepatectomy ASHP
Transplantation ASHP
History of Gastric Ulcer or bleeding a yeamptio admission ASHP
ICU stay of > 1 week ASHP
Occult or overt bleeding for 6 days ASHP

ASHP: American Society of Health System PharmacissST: Eastern Association for the Surgery of
Trauma; BSA: Body Surface Area, ICU: Intensive Cdnit

B. Mechanism of action and Efficacy of Stress-Ulcer Prophylactic Modalities
Over the past four decades, four main pharmacadbglasses have been used as

SUP. These include PPIs, H2Bs, antacids and satzalfimetidine, a H2B, and antacids

were the first used during the mid-seventies amly 8@s. In 1981, sucralfate was

12



approved by the FDA. It was not until 1989 whenfitet PPI, omeprazole, was
introduced to the US market. Interestingly, cimiegdand, more recently, omeprazole,
are the only FDA approved drugs as drugs for $tf® Nevertheless, many H2Bs, other
PPIs as well as sucralfate are used off-label & .SThe following sections discuss the
pharmacological properties and efficacy of thesdioations which are important in
understanding the theory behind the expected difie in the effectiveness between

PPIs and H2Bs in real world settings

1. Pharmacological Properties:

a. Mechanism of action of PPIs and H2Bs:

Secretion of gastric acid is mainly stimulated bstdmine, acetylcholine and gastrin.
These three compounds bind to their receptors datpbcells. Parietal cells are
responsible for producing Hydrogen ions and maitai gastric pH around 1%4. The
binding starts a series of intracellular cascadée ¢hds up with the activation of a
Hydrogen-Potassium ATPase pump /&l pump) that releases the hydrogen ions into
the gastric lumen. Histamine receptor type-2 bleskehibit acid production by blocking
histamine receptors on parietal cells. On the dtlaad, PPIs suppress acid production by
irreversibly inhibiting the K™ pump itself°. This distinction in mechanism of action
illustrate why tolerance develops with H2Bs but wiah PPIs. When histamine receptors
are blocked, acetylcholine and gastrin secretinaease as a compensatory mechanism
leading to activation of HK™ pump and hydrogen ion release from parietal cetpide
the blockade. To the contrary, once thékd pumps are inactivated by PPIs the parietal

cell itself does not produce hydrogen ions untimpeimp are formed. Thus, the PPIs
13



blockade is not influenced by the compensatoryassef histamine, acetylcholine and
gastrin®’. Both the development of tolerance to H2Bs ardirtieversible action of PPIs
explain the higher potency of PPIs, as acid sugprescompared to H2Bs. This higher
potency of PPIs shifted the use from H2Bs to PRé&s the past two decades. In addition,

it created the belief that PPIs are associated higther incidence of NP and CDAD™

b. Mechanism of action of sucralfate and antacids:

Unlike PPIs and H2Bs, sucralfate is minimally albgar from the Gl tract. Thus, its
actions are based on local interactions with pegditicharged proteins and ions in the
exudates of an ulcer. The interaction leads tddahmation of viscous paste-like layer
that adheres to the ulcer. Therefore, this layetgats the gastric mucosa from the action
of hydrochloric acid, pepsin and bile acfsIn contrast, antacids act by neutralizing the
released hydrochloric acid inside the gastric lunBaith sucralfate and antacids have a
short duration of actions compared to PPIs and HZBsrefore, based on their potency,
PPIs are the most potent followed by H2Bs whilealfate and antacids are considered
the weakest due to their local and short duraticaction. These differences in potency
have reduced the use of antacids and sucralfageldition, both antacids and sucralfate
required time-consuming administration technigl@s.instance, antacids have to be
administered every one to two hours accompanigaHbgnonitoring and sucralfate needs

to be administered through a nasogastric tube aspession of enteral feeding *¢>°

A large number of RCTs over the last 40 years lexaenined these four drug groups
used in SUP. Many of the early studies includedgita arm to prove the concept of

SUP. In the mid-80s, H2Bs became the standardrefugaon the approval of cimetidine
14



as a drug that can be used in SUP. Upon the inttmgtuof sucralfate, placebo and
antacids studies started to fade out and studimpaong sucralfate to H2Bs became
more prevalent in the literatuf&’. Later, after PPIs made it to the market, mofGT's

focused on comparing PPIs to H2Bs.

2. Efficacy of PPIs compared to H2Bs:

Because in the late 1980s cimetidine was the oDl Bpproved drug as SUP in the
ICU, it was unethical to compare PPIs to any ot&ss without H2Bs as a separate
study arm. Alongside the FDA approval, the easadofiinistration of H2Bs abated the
use of sucralfate as a SUP. Therefore, since 1BB8&en RCTs were published
comparing PPIs to H2Bs. Nine of these studies \paldished after 2000, i.e., after the
publication of the ASHP guidelines that recommenitheduse of H2B2°® While the
exposure to a PPI or a H2B was fully defined, miaay unclear definition for significant
GIB and upper GIB. The most frequent definitionduseas CIGIB which was defined in
six studie$®2%4%7 Only four out of these six studies were powereddtect a
significant difference between treatments affté°*®® However, only two of the six
studies looked at CIGIB as the primary outcomentgriest>®”.The remaining seven

studies focused on gastric pH and Upper €5[§0368-79

Five meta-analyses summarized the results of tR€5es’*"> In 2009,
Pongprasobchai et al conducted the first meta-aisalgat included any study that had
critically ill patients who were mechanically vdated for at least 48 hrs. or patients who

had coagulopathy. The outcome of interest was CIGiEy three studies with a total of
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569 patients were includ&4®#°” The pooled incidence of CIGIB among the PPIs was
significantly lower than that among the H2Bs gr¢85% vs. 8%). Proton pump
inhibitors were associated with lower incidence&€d&IB compared to H2Bs (OR=0.42,

95%Cl: 0.20 to 0.9140).

In April 2010, Zhou et al and Lin et & " published two meta-analyses. Unlike the
previous study that focused only on patients on dWith coagulopathy, Zhou and
colleagues included any study that looked at guatients who were in the ICU for at
least 72 hours and who used PPIs or H2Bs duringltbe stay. Consequently, they
included one additional stud§over Pongprasobchai’s meta-analysis which raised th
number of patients to 771. Compared to H2Bs, Zh@l und a lower risk of CIGIB
among the PPIs group (Incidence: 2.2% vs. 6.8%, @455 95%CI: 0.21 to 0.96. In
addition, there was no difference in ICU mortabgtween PPIs (14.5%) and H2Bs

(14.3%) (OR=1.17 95%Cl: 0.76 to 1.8).

In contrast to the aforementioned two meta-analylses meta-analysis did not use
ICU LOS as an inclusion criterion for the meta-gsa. Instead, they included any RCT
or quasi-experimental study for patients in a madic surgical ICU who were given
either PPIs or H2Bs as SUP. Thus, three additisnalies were include®®® " The
main outcome of interest in Lin’s meta-analysis Weaspooled incidence of stress-
related upper GIB of any definition. The study ude#d 936 patients among which 540
patients received PPIs and 396 received H2Bs. Aaianeffects model was used to

account for variation between studies. The poatedience of upper GIB was 2.03%
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among the PPIs group compared to 7.82% among tBs gbup. Comparing PPIs to
H2Bs, the pooled risk difference (RD) was -0.04v865%CI ranges from -0.09 to +0.01
(P=0.08, ¥=66%). A high frepresent a high heterogeneity between the inclatieties.
The influence analysis that is done by removing stndy at a time and determining the
influence of the excluded study on the pooled estitnshowed a robust result of no
statistically significant difference between PRigl #12Bs. Moreover, the removal of
Levy's study®’ reduced the’lto 26% with a corresponding pooled RD of -0.02%4@3:
-0.05 to +0.01, P=0 .19). Sensitivity analysesuded assessing the effect of both
treatments on the risk of upper GIB among RCTsriyadrted balanced covariates at
baseline and studies that required being on mechalaventilator for 48 hours. In both
cases there was no statistically significant défere between the two treatments. In
addition, irrespective of the quality of the stutlygh vs. low), upper GIB definition

(poor vs. good) , the number of risk factors ( ¢gethan one vs. one or more) or route of
administration (enterally vs. intravenously), theses no difference in treatment effect
between PPIs and H2Bs. However, PPIs showed am@deover H2Bs only among
studies published prior to 2000 (RD= -0.11, 95%-GI21 to -0.01, p=0.03?354%).

This could be due to the fact that two of the thserlies conducted prior to 2000
included high risk patients the fact that allowled tlifference between PPIs and H2Bs to
become significant. The funnel plot showed asymimeistribution of studies estimates
indicating a publication bias that could be dutatgguage bias and small RCTs with

inflated estimates. The mortality rate among thisBjPoup was 16.7% compared to 15%
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among the H2Bs group. This was translated to infsogmt risk difference between the

PPIs and H2Bs (RD=0.02, 95% ClI: -0.04 to +0.08,.p30F=0).

In 2012, Barkun and colleagues included any RCTguasi-experimental studies that
compared PPIs to H2Bs among patients at risk ofiG e ICU settingd. They
excluded any study that did not have one of thedettve comparators, studies on
pediatric patients and studies that had only gaptfi readings as outcomes.
Consequently, thirteen RCTs with a total of 1,58%gnts were included in their meta-
analysis. Any type of bleeding, NP, ICU mortalitydaCU LOS were the main outcomes
of interest. Fixed effects models were chosen #ftding that the Q statistic, a measure
that is used to determine the extent of heteroggebetween studies, was statistically

insignificant.

Barkun et al. found that PPIs were superior to H2Bgducing the risk of GIB
(OR=0.30, 95% CI: 0.17 to 0.54, RD=-0.026, 95%+€0:049 to —0.003, N=1,587).
Furthermore, compared to H2Bs, PPIs were not assacwvith any additional risk ICU
mortality (OR=1.19, 95%CI: 0.84 to 1.68, N=1,260)jrcreased ICU LOS (weighted
mean difference=- 0.12, 95%CI: — 1.90 to +1.66, BB)3 The results were robust when

influence analysis was performed.

Lastly in 2013, similar to the Barkun’s inclusiorniteria, Al-Hazzani and colleagues
included any RCTs that compared the risk of GIBMeein PPIs to H2Bs in adult patients
admitted to a medical or surgical ICU. Howeverjitkgstematic review yielded 14

RCTs with a total of 1614 patients. The outcomemiafrest were CIGIB, overt bleeding,
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NP, CDAD, ICU mortality and ICU LOS. Proton pumghibitors were associated with a
lower risk of CIGIB compared to H2Bs (Relative R[&&R] =0.36, 95% CI=0.19 to 0.68,
P=0.002, 12= 0%, N=1,614) and overt bleeding (RR5095% CI=0.21 to 0.59,
P=0.001, 12= 15%, N=1,720). On the other hand, ifferdnces were found between the
two treatments in terms of ICU mortality (RR=1.05% CI 0.83 to 1.24, P=0.91, 12=
0%, N=1,196) or ICU LOS (mean difference=-0.54 &0 Cl -2.20, +1.13, P=0.53,
12 = 39%, N=555). Regarding CDAD, there were nmparative efficacy studies that

compared PPIs to H2BS.

The main differences between the last two metayanaland Lin’'s meta-analysis are
the number of studies included and the measuresaicéation used. The additional four
to five studies that were included in Al-Hazzarisd Barkun studies, respectively,
almost doubled the sample size used in Lin’s studgddition, the use of risk difference
in meta-analyses has been found to be less camsikan both OR and RRE.
Nonetheless, when Barkun et al performed the aisaljging a similar approach of Lin’s
study i.e., using a risk difference as measuressbaation and a random effect model,
the result was still in favor of PPIs indicatingtlthe issue was more a sample size issue
than the measure of association itself. FigureaRd Table 2.2 summarize the results of
the RCTs used in these five meta-analyses andsudts of the meta-analyses
themselves, respectively. In February 2014, a lalgpervational study of 35,312
patients, among which 21,873 (61.9%) received BRds13,439 (38.1%) received H2Bs,

found that PPIs were associated with higher ris&kid compared to H2Bs (5.9% vs
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2.1%). After propensity score and covariates adjest, the investigators found that PPIs

were associated with higher risk of GIB (OR=2.28%C|: 1.81-2.76.

In summary, one RCT and most of the aforementioneta-analyses agreed on the
superiority of PPIs over H2Bs in preventing stneleer-related GIB (Figure 2.1).
However, other RCTs and Levy’s meta-analysis showeedifference between the two
therapeutic classes. In addition, more recently;IMaen’s stud{’ showed completely
the opposite suggesting that the risk of GIB wagelowith H2Bs compared to PPIs.
These inconsistencies in the results and the diigtyeof large database of electronic
medical records necessitate conducting a comparaffectiveness study to determine if
there is a difference between the most widely Wsethpeutic classes in SUP and the

direction of the difference if existed.
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Figure 2. 1: Forrest Plot of Studies Comparing th&Risk of Gastrointestinal Bleeding between Proton
Pump Inhibitors and Histamine-2 Receptors Blockersn the Intensive Care Units(Based on Al-
Hazzani's meta-analysis)76

Study Events, Events, %

ID RR (95% CI) Treatment Control Weight
i

Conrad e o 0.71 (0.28,1.83) 7/178 10/181  45.66
1

Hata - 0.11 (0.01,2.03) 0/70 470 482
1

Kantorova - 0.49(0.05,5.32) 1/72 2/71 7.19
1

Kolyanskaya : 0.07(0.00, 1.27) 0/45 321 477

Levy —«—i— 0.20 (0.05, 0.83) 2/32 11/35  19.92
i

Philips . 0.19(0.02, 1.59) 1/33 425 897
1

Solouki ; 0.28 (0.03,2.43) 1/61 4/68 868
1

Fink | (Excluded) 0/158 0/31 0.00
1

Morris : (Excluded) 0/169 0/33 0.00
1

Powell i (Excluded) 0/20 011 0.00
1

Rosaliti ' (Excluded) 0114 014 0.00
1

Somberg i (Excluded) 0/167 035  0.00

Overall (I-squared = 0.0%, p = 0.527) <> 0.36(0.19,0.68) 12/1019  38/595  100.00

)
]
NOTE: Weights are from random effects analysi}s
1
T T
.00369 1 271
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Table 2.2: Summary of the Meta-Analyses that Compad the Risk of Gastrointestinal Bleeding
between Proton Pump Inhibitors and Histamine-2 Reeptors Blockers in the Intensive Care Units

Reference Number of Number of Point of estimate and 95%
gastrointestinal gastrointestinal confidence interval of the risk
bleeding episodes bleeding episodes gastrointestinal bleeding
among the proton among Histamine-2 comparing PPIs to H2Bs
pump inhibitors receptor blockers
group (%) group (%)

Pongprasobchai  10/282 (3.5%) 23/287 (8.01%) OR: 0.42 (95%CI: 0.20 to 0.91)

2009 (n=569)

Zhou 2010 10/449 (2.2%) 22/322 (6.8%) OR: 0.45 (95%CI: 02D.96)

(n=771)

Lin PC 2010 11/540 (2.04%) 31/396 (7.8%) RD: -0.04 (95%CIl: -0.09 to

(n=936) +0.01)

Barkun AN 2012 13/967 (1.3%) 41/620 (6.6%) OR: 0.30 (95% CI: @d.0.54)

(n=1,587)

Al-Hazzani 2013 12/1019 (1.2%) 38/595 (6.4%) RR: 0.36 (95% CI: 0.19 to 0.68)

(n=1,614)

PPIs: Proton Pump Inhibitors; H2Bs:Histamine-2 ptoeblockers; OR: Odds Ratio; RD: Risk Difference;
RR: Relative Risk

3. Safety of Stress-Ulcer Prophylactic Modalities (Nagcomial Pneumonia):

a. Natural defense mechanism:

The oro-gastric tract is supported by multiple desEEmechanisms that reduce
bacterial colonization inside the Gl system suchasric acid secretion, salivary gland
secretions, and the continuous peristaltic movesefthe Gl muscles. Focusing on
gastric acid, its secretion maintains stomach piid 1.4 to 2 which hinders bacterial

growth and colonizatiof? "%

b. Mechanisms by which acids suppressant may cause NP:

The use of acid suppressants as a prophylactiapien stress ulcer raised a concern
that these drugs may lead to the development afmpoaia both in the community and

the hospital. Acid suppressants, PPIs and H2Bs haen shown to raise the pH above
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four within the first 24 hr?%*8 This increase in pH allows bacterial colonization
take place in the stomaéh Proton pump inhibitors, in particular, have bebown to
promote bacterial colonization through addition&amanisms. For instance, the H+/K+
pump, the main action site of PPIs, also was fdarte laryngoesophageal tract as well
as the lung&®> Therefore, at least in theory, the inhibitiortleése pumps also will
augment bacterial colonization in these areashEurtore, in vitro studies demonstrated
that PPIs reduce humoral immunity through reveesiihibition of Natural Killer (NK)

cells®68”

In contrasts to H2Bs, PPIs also have been showadiace gastric emptying and
gastric wall tension which increase stomach accodation in humar/§89% |n
addition, few studies suggested that PPIs relajother esophageal sphincfér®%*
Consequently, PPIs and, to a lower extent, H2Bamednboth tracheo-bronchial
bacterial colonization and micro-aspiration of gastontents into the respiratory tract

which can lead to the development of NP. Basetheraforementioned studies, one

should expect higher incidence of NP with PPIs witetry are compared to H2Bs.

c. Nosocomial Pneumonia in ICU settings:

Nosocomial pneumonia is associated with increa€&HUOS (2 to 15 days) and ICU
mortality (20% to 50%§°*® Recently, the research community started to wifféate
between early-onset pneumonia that occurs in thefGur days of ICU admission and
late-onset pneumonia that happens after that tenegh The distinction comes from the
belief that micro-aspiration of gastric contentd e associated with late-onset

pneumonia rather than early-onset pneumonia wkichast likely caused by bacteria
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that colonize the respiratory trd@t> Thus, one should expect acid suppressants to be

associated with late-onset pneumonia more thag-eadet pneumonia.

d. Evidence from the literature:
None of the RCTs that compared PPIs to H2Bs repa@nencreased risk of NP with

any of the two groups (Figure 2.2). The five matatgses that were done using these
RCTs also did not find any additional risk betwdes two groups. On average, the
cumulative incidence of NP for each group was aedten 10% (Table 2.3). However,
none of these RCTs were powered to detect a difterbetween PPIs and H2Bs. More
importantly, because of small sample sizes, norieasfe RCTs and consequently the
meta-analyses was able to differentiate betwedy-easet and late-onset pneumonia.
Therefore, the observed lack of difference couldbe to this lack of discrimination.
Since gastric bacterial colonization and micro-admn may take time, it is more
plausible to find acid suppressants associatedlatéonset rather than early-onset
pneumonia. Therefore, it could be that the trule ofspneumonia is the risk of late-onset
pneumonia rather than the overall risk. Consequethté risk of late-onset pneumonia

may have been masked in the overall estimate dlaekoof early-onset pneumonia risk.
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Figure 2.2: Forrest Plot of Studies Comparing the Bk of Nosocomial Pneumonia between Proton
Pump Inhibitors and Histamine-2 Receptors Blockersn the Intensive Care Units (Based on Al-
Hazzani's Meta-analysis)76

Study Events, Events, %

ID RR (95% CI) Treatment Control Weight
i

Conrad — T 0.71 (0.28,1.83) 7/178 10/181 18.89
|
|

De Azevedo e 1.25(0.36,4.30) 5/38 4/38 11.02
I
i

Kantorova — 1.13(0.43,2.94) 8/72 7471 18.25
I
I

Kolyanskaya 4 0.23 (0.05,1.17) 2/45 4/21 6.44
I
1

Levy + i 0.22(0.03,1.77) 1/32 5/35 3.84
1
]

Philips e 1.14 (0.36,3.60) 6/33 4/25 12.64
I
|

Solouki — = 1.49 (0.55,4.04) 8/61 6/68 16.80
I
|

Somberg T — 1.12 (0.34,3.63) 16/167 3/35 12.12
|

Overall (I-squared =0.0%, p = 0.492) <> 0.93 (0.62,1.40) 53/626  43/474  100.00
|
|

NOTE: Weights are from random effects analysis |

T ' T

.027 1 37.1
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Table 2. 3: Summary of the Meta-Analyses that Cormgred the Risk of Nosocomial Pneumonia
between Proton Pump Inhibitors and Histamine-2 Reqgators Blockers in the Intensive Care Units

Reference Number of Point of estimate and 95%
nosocomial confidence interval of the risk of
pneumonia cases nosocomial pneumonia comparing

Number of nosocomial among PPIs to H2Bs

pneumonia cases  Histamine-2
among the proton receptor
pump inhibitors group  blockers group

(%) (%)
Pongprasobchai 29/282 (10.3%) 29/287 (10.1%) OR: 1.02 (95%CI: 0.59 to 1.75)
2009 (n=569)
Zhou 2010 45/449 (10.0%) 32/322 (9.9%) OR: 1.03 (95%Cl: Q®3.70)
(n=771)
Lin PC 2010 56/520 (10.8%) 40/385 (10.4%) RD:0  (95%CI: -0.04 to +0.05)
(n=905)
Barkun AN 63/610 (10.3%) 42/407 (10.3%) OR: 1.05 (95%Cl: G52.62)
2012
(n=1,017)
Al-Hazzani 66/626 (10.5%) 50/474 (10.6%) RR:1.06 (95%CI 0.73 to 1.52)
2013
(n=1,100)

PPIs: Proton Pump Inhibitors; H2Bs:Histamine-2 ptoeblockers; OR: Odds Ratio; RD: Risk Difference;
RR: Relative Risk

Three population-based observational studies exadhrime relationship between PPIs
and the risk of community-acquired pneumonia (CAhough beyond the scope of
this project, it is relevant to know that the rifkCAP was the highest among current
users compared to past users and during the @irdags of initiation?°>*°> More
interestingly, the risk of CAP was the highest dgrihe 7 to 14 days of initiation
indicating that longer duration of acid suppresshetapy is not a requirement for the

development of pneumonia.
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In a study that focused on patients not admittetiedCU but to any hospital wards
for at least three days, Herzig et al examined dredcid suppressants were associated
with higher incidence of NP when they are compaogoiatients who received neither
PPIs nor H2Bs. After performing one to one propigrstore matching, PPIs were
associated with 30% increase in the odds of NP (®5%1 to 1.4). On the other hand,
H2Bs showed a trend toward higher odds of NP tlthhdt reach statistical significance

(OR: 1.2, 95%Cl: 0.98 to 1.45.

Miano et al, in a retrospective cohort study, exadithe risk of NP among patients
who underwent cardio-thoracic surgery and wereqoitesd either ranitidine or
pantoprazole. Medication switching was not allowledng the entire study. The
unadjusted cumulative incidence of NP among thegmeazole was 9.3% (35/377)
compared to 1.5% (7/457) among the ranitidine grédter adjusting for the imbalance
between the two groups using propensity score aisalhe odds of NP were 2.7 times
greater in the pantoprazole group compared toahitidine group (OR=2.7, 95% CI, 1.1
to 6.7)'%% Similarly, more recent studies that were donkCid settings, the risk of NP
was slightly greater among patients on PPIs congp@aréi2Bs with a significant HR of

1.2 and narrow confidence intervAi&®

In summary, it is unknown whether or not the latkliéference between PPIs and
H2Bs in terms of NP in the five meta-analysesrisa equivalence, a power issue or a
methodological flaw due to failure to tease outdahset pneumonia. In addition, the few

observational studies that showed higher NP witls B@mpared to H2Bs necessitate
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exploring this question in a different cohort ofipats to determine how robust is the
result and who are the most vulnerable subgroupstefore, this retrospective
observational study with a large sample size afidrdnt patient population is ideally

suited for answering such question.

4. Safety of Stress-Ulcer Prophylactic Modalities (Clstridium difficile
infections):

a. Epidemiology:

Clostridium difficilecauses nosocomial diarrhea, colitis and pseudomasrabs
colitis a.k.a. Clostridium difficile-associated dases (CDAD). The incidence rate of
CDAD in acute hospital settings is approximatelya8es per 1000 patient-dd{s In
2006, the prevalence of CDAD among hospitalizeéepts ranged from 0.7 % to 18%.
However, in ICU settings, Lawrence et al reportéatases of CDAD (4%) among 1,872
ICU patients with 40 cases (2%) developed the tideauring the ICU stay’®.

Similarly, Zilberberg et al reported higher prevale (5.34%) in ICU settings among
patients on mechanical ventilator for more tharaysd®. In addition to frequent use of
antibiotic therapy, the higher incidence and prene¢ in the ICU settings, compared to
community settings, is believed to be partially thve emergence of a more virulent
strain of CDAD, BI/NAP1/027, that is resistant tinge of the antibiotics used in the

hospital*'°.

b. Mode of transmission:

Clostridium difficile exists in two forms: vegete#i cells that are acid-sensitive and

acid-resistant sporé&®. As previously discussed, the elevation of gagtHgromotes
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bacterial overgrowth and colonization inside tlesich. Both forms are implicated in
the pathogenesis of CDAD. For instance, above thefdive, C.difficile spores
germinate and produce vegetative cells that candnder this elevated pH. In addition,
inside hospital settings, the vegetative cells taes can live up to 6 hours on moist
surfaces at room temperatdté Therefore, exposure to either form plays a nolthe
pathogenesis of CDAD among patients on acid supangs. Clostridium difficile
bacteria produce toxin A and toxin B that causeewatliarrhea and other CDAB".
These two toxins are discriminating markers forifiaile infection that are used for

diagnosis.

c. CDAD in the ICU settings:
Clostridium difficile-associated diseases have heglicated in increasing ICU

mortality and ICU LOS. It has been estimated thatrhortality rate attributable to
CDAD is between 5.5% and 6.9% ¢ In addition, several studies have reported a
longer hospital LOS with CDAD that ranges from 3l&days and twice longer stays in
the ICU settings®®**%'? patients are more prone to CDAD infection dufréquent use
of medications that have been associated with CBAEh as cephalosporins,
fluoroquinolones, glucocorticoids and clindamydmaddition, the risk of CDAD
increases proportionally with C.difficile colonizat pressure which is generally defined
as the number of ICU patients infected with C.difé divided by the number of patients
in the ICU. Furthermore, C.difficile transmissioiaWealth care professional has also

been linked to the risk of CDAD in ICU settings.dddition to the virulence of the strain,
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all these factors come together to increase thdence and prevalence of CDAD within

the ICU environment.

d. The association between acid suppressants and CDAD:

The majority of studies that explored the assamnbietween acid suppressants and
the risk of CDAD focused on the use of PPIs ana, lesser extent, on H2B§2°1% |n
addition, hospital-based studi&20-128130-132.133gnsisted the majority of the literature
followed by community-based studi€83*13! Case-contrgt?®-123:125.127°130.133-18 4
cohort studig€®12412612813L13g,ara the only study designs seen in the literafCinere is
one ongoing RCT that is comparing EN to EN plustgarazole as SUP where the

outcomes of interest are GIB and CDAD

In 2012, Tleyjah and colleagues conducted a medaysis that included any
empirical study that explored the association betwePls and CDAD. The majority of
the studies included community-dwelling patientd hospitalized patients. The authors
reported a 65% increase in the odds of developiD4[@with the use of PPIs compared
to not receiving PPIs (OR: 1.65, 95% Cl: 1.47 ®6). P< 0.0001,% 89.9%. ). They
estimated that in the hospital, the number need&atm (NNH) among patients who are
on antibiotics is 50 with a 95% CI (31 to 97) ar&¥ patients (95%ClI: 226 to 718)
among those who are not on antibiotics. Thus, boeld expect, at least, similar if not
lower NNH among patients in ICU settings who arestiikely to be on an antibiotic
regimen as a prophylaxis or treatm&Ht Similarly, Deshpande and colleagues

conducted another meta-analysis that included 3@r@htional studies (n=202,965) and
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found that the use of PPIs was associated withehigtids of CDAD (OR: 2.15, 95% CI:

1.81 to 2.55), P< 0.0007H 87%. )**

The significant heterogeneity seen in these metdyaes necessitates a keen look at
the association between CDAD and PPIs to validaeeadsults in ICU settings, where
patients are at a higher risk of developing CDABRY & determine which group of

patients is at greater risk of developing CDAD desICU settings.

Very few observational studies were conductedCid kettings to explore the
association between acid suppressants and CDAI20Q7, Beaulieu and colleagues
examined the association between acid suppressaathe risk of CDAD as a
consequence to an outbreak of CDAD that led totstgutiown a medial ICU for a period
of time. The study included any patient who was iétéieh to the ICU for more than 24
hours during the study period (March 2002-May 20@&certainment of CDAD started
from the second day of ICU admission until the ehthe second month after discharge.
Any case of diarrhea for more than 24 hours thatmpanied by a positive
immunoassay for C.difficile toxins A and B was ciolesed a CDAD case. A detailed
description of acid suppressants use was not dakfirtee final cohort included 827
patients among which 335 (40.5%) were on PPIs,(88@%) on H2Bs and 182 (22%)
on neither PPIs nor H2Bs. No information was predidegarding the incidence of
CDAD among these groups. A Cox-proportional hazaodlel was used to adjust for
antibiotic use, gender, age, pre-ICU length of stag comorbidities. The time used in

survival analysis was the start of ICU admissidme adjusted hazard ratio (HR) did not
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show a significant association between acid sugpréas and the risk of CDADPPIs:

HR: 0.90 (95%ClI: 0.59 to 1.38)2Bs: HR: 0.78 (95%CI: 0.50 to 1.23}%° However,

the study was not powered to detect less than Sfiésehce between patients who
received one of the two classes and patients weeved neither one. In addition, the
generalizability of the results of this one ICUimited given the differences in practice
between different ICU, the differences in patieopylations and the unclear definition of
exposure in this study. On the other hand, in 28atLaren and colleagues reported a
slight increase in the risk of CDAD among patiemisPPls compared to H2Bs

(HR=1.29; 95%CI: 1.04-1.64) in a retrospective gtatl35,312 ICU patients.

In summary, CDAD are considered rare in the gernmpllation. That fact that the
prevalence of CDAD in ICU settings is two to fivmés greater than general population
and that SUP is prescribed in the ICU make ICUrggtta good setting to examine the
relationship between CDAD and SUP. The paucitgtoflies in ICU settings and the
methodological problems associated with previoudist give this study its importance

in exploring the association between acid suppressand CDAD
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Chapter Ill. Research Design and Methodology

Each paper in the series shares several methodalaginsiderations, including the data
source used and the study sample inclusion andigral criteria. Therefore, all these
commonalities will be described in detail priorth@ manuscripts. Following these
sections, the definition of exposure, outcomesavdriates; and the proposed statistical
analysis plan are discussed. Please keep in maidbdrause of the three-paper nature of
the dissertation and the similarities between amm@ aim 3, as the reader moves
forward through the dissertation sections, he engitl be cordially referred to sections

that have been previously discussed.

1. Data source:

The data that was used in these manuscripts cammetfre elICU Research Institute
(eRI) data repository. The elCU Research Instituiteproduct of the Philips Healthcare
elCU Program. The elCU program provides technokmytions to enable health
systems to transform critical care with an integglasystem-wide approach that allows
efficient utilization of scarce critical care resoes with integration of therapeutic

decision support and standardization of evidenseda@are throughout the enterptide

The elCU Research Institute gathers informatiomfraore than 40 health systems
encompassing approximately 300 ICUs across 34sstiaa 2008 to June of 2012. In
each participating ICU, information pertaining tatients’ admission and discharge,
disease diagnoses, therapeutic management, laborasults, and demographics are

electronically documented with time of occurrenteninutes since ICU admission. In
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addition, through an automated interface that gatiméormation at five minute intervals,
patients’ vital signs are collected and incorpatateo the eRI database repository.
Selection of disease diagnosis was done througbrauraf discrete diagnoses strings.
The aforementioned data and diagnoses stringstivenecollected and sent to the eRI
repository where the diagnosis strings were linkethe International Classification of
Diseases ©ed. (ICD-9) codes. In addition, patient’s health statvas measured using
the acute physiology and chronic health evaluagmore version IV (APACHE-IV
score). The APACHE-IV score methodology uses 2vabées that cover patient’s age,
vital signs, laboratory results and diagnoses duttie first 24 to 36 hours of ICU
admission to assign a severity score to the patiettpredict both hospital and ICU
mortality and LO%™. The score is widely acceptable as a measurevefigewithin the
ICU environment. Furthermore, clinicians’ remagk®l nursing charts are transferred
from the health system and linked to corresponténgps in the eRI repository. All
patient information that is deemed to be protebtiealth information was not included in
the database. The data has been certified as catypde-identified by Privacert, Inc.
(Pittsburgh, PA). Therefore, each patient stagmesented by a unique unit stay
number, and time is indexed from admission timeninutes rather than calendar time.
Finally, the study was exempted from InstitutioRaview Board review (HP-00055985)

at University of Maryland.

2. Inclusion and Exclusion Criteria:

The main cohort that was used in the first deseepim (and from which the Aims

2 and 3 cohorts were selected) included any patvbotwas admitted to ICUs between
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2008 and June 2012. Patients who were not adndttee ICU, not discharged from the
hospital during study period (dead or alive) oremt8 years old or with missing age
were excluded. In addition, patients who had nggdCU length of stay, invalid
admission and discharge dates (e.g. admissiongateer discharge date), discordant
ICU and hospital discharge status (e.g. patiergd ol the ICU but were alive at hospital
discharge), missing APACHE-IV score or earlier vams, had multiple ICU admissions
within one health system stay, or missing SUP flagdiagnoses were also excluded
from the study cohort. Lastly, to ensure compleigeaainment of medication
information the cohort was restricted to ICUs thily implemented the medication
interface in their systems. Figure 3.1 showed ®odusion criteria for the study’s main

cohort.
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Figure 3.1: Selection Criteria for the Main Cohortof the Study

All admissions in 1/1/2008-5/31/2012
N=1,440,023

- 94,607not admitted to ICI

ICU admissions
N=1,345,416

=

- 67 admissions not discharged fror
hospitals in 2008-2012

Discharged from hospitals in 2008-2012
N=1,345,349

or age <17

- 9,579 admissions with missing agr

Age 17 years or old on admission
N=1,335,770

- 5,381 ICU length of stay <= 0

Unit Stay Length >0
N=1,330,389

- 1,558 admissions with hospital
discharge time before the
admission time

Hospital discharge after admission
N=1,328,831

- 25,006 admissions with missing
or discordant ICU and hospital
discharge status

Valid ICU and hospital discharge status
N=1,303,825

- 337,786 admissions with missinfy
APACHE |V score or earlier
version

Valid APACHE |V score
N=966,03!
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Figure 3.1: Continued

Valid APACHE |V score
N=966,03!

- 139,200 admissions with
multiple ICU stays within one
health system sti

N=826,839

Only one ICU stay during health system stiy

-14,278
Patients no information about
SUP best practice or diagnoses

Valid SUP best practice flags and diagnoses
N=812,561
-240,042
Complete medication file
Main Cohort
N=572,519

ICU: Intensive Care Unit; SUP Stress Ulcer PropkigtaAPACHE score 1V: Acute Physiology and
Chronic Health Evaluation Score version IV

To create the cohorts used in Aim2 and Aim3 addé&li@xclusion criteria were

implemented as follow:

a. For studying the association between acid suppnessad CIGIB:

Patients with at least one risk factor of CIGIB doestress ulcer are included in the
study. These include patients with at least ort@following conditions: MV> 24 hrs. ,

coagulopathy, major head injuries, major burnssisggorticosteroids therapy > 250 mg
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of hydrocortisone or equivalent daily, acute refadure, hepatic failure, transplantation,
neurological injuries, hypotension, surgery or tnai or ICU LOS > 1 week. Table 3.1
contains the criteria by which these risk factoesevidentified. Patients were excluded if
any of the followings existed: ICU length of stag$ than 48 hours, gastrointestinal
bleeding within the first 48 hours of admission,risk factors for CIGIB, receipt of PPIs
and H2Bs concomitantly or consecutively, the reiceig®Pls or H2Bs for less than three
days, and missing platelet counts, source of adomss teaching hospital status. Figure

3.2 contains the selection criteria for each ofafeeementioned conditions.

Unlike administrative claimdata where using one claim with a specific ICDafle

may not be very specific and does not always inipdy the patient has the diagnosis, the
diagnosis strings are chosen directly by the dlms and mapped to the ICD-9 codes.
Therefore, the choice of only one ICD-9 code emirg patient’s diagnosis file during the

ICU stay is a reasonable approach to identify aatis.
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Figure 3. 2: Selection Criteria for the Cohort Usedn Studying CIGIB

Total no of patients =572,519

-338940

ICU length of stay less than

48 hours or bleeding within thq
first 48 hours

Total no of patients=233,579

-42,089
Not at risk of GIB

Total no of patients =191,490,

-19,857
Total no of patients =171,633 Combination or switchers of PPIq
and H2B:
-95,441
Less than three days use of PHIs
Total no of patients76,175 or H2Bs
-874
Missing platelets count
-17
Cohort used in studying CIGIB Missing Admission source
-5208
Total no of patients =70,093 Missing Teaching Hospital
No of patient-day=356,147
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Table 3. 1: Proposed criteria for identifying patients at risk of stress ulcer gastrointestinal bleedig

Risk factors of Selection method Comments
gastrointestinal bleeding
due to stress ulcer
Mechanical Using a continuous variable: continuous invasive  From the
Ventilation > 24 hrs. ventilation duration ventilation data file
Coagulopathy Any of the followings during an ICU stay: From the

Traumatic Brain
Injuries

Major Burns
Sepsis

Corticosteroid
Therapy > 250 mg of
hydrocortisone or
equivalent daily

Acute Renal
Failure

Hepatic Failure

Transplantation

ICU stay of > 1
week
Neurological
Injuries/Spinal Injuries

Shock/Hypotension

Surgery/Trauma

Platelets 50,000 per/flan INR > 1.5, a PT > 50 sec

Any ICD-9 code:
800.0-801.9
803.0-804.9
850.0-854.1
950.1-950.3
959.01

Any ICD-9 code:
940.*-949.*

Any ICD-9 code:
038, 040.82, 599.0, 996.64, 998.5, 999.3

Any ICD-9 code:

584.*

Any ICD-9 code:

570.*

Using admission diagnosis string “operative
transplant”

From ICU length of stay variable that is availaisle
the raw data files

Using admission diagnosis string “spinal trauma”,
“spinal cord decompression”, “Spinal cord only
trauma”, “Spinal cord surgery, other”,
“Spinal/extremity trauma”, “Spinal/face trauma”,
“Abdomen/spinal trauma”

Or any ICD-9Code:

Coma:780.01, 780.03, 850.3, 850.4,

Embolic stroke:433, 434;

Encephalitis: 348.1, 348.4, 348.5

Hemorrhage: 430, 431, 432, 997.02, 997.09
Spinal cord injury:806, 952

Any ICD-9 Code:

427.5,441.1, 441.3, 441.5, 441.6, 785, 958.4,
977.9,995.0, 995.4, 995.92, 998.0, 999.8

Using admission diagnosis string “multiple traunoa”
Any ICD-9 Code:

hematology or
laboratory results
data file

From active
diagnosis file

From active
diagnosis file
From active
diagnosis file
Medications file

From active
diagnosis file
From active
diagnosis file
From the
APACHE
admission
diagnosis file
From APACHE
Patient Results file
From the
APACHE
admission
diagnosis file and
active diagnosis
file

From the
APACHE

40



Table 3.1, Continued

Risk factors of
gastrointestinal bleeding
due to stress ulcer

Selection method Comments

802, 805, 807.2, 807.3, 807.4, 807.5, 807.6, 808, 8 admission

810, 811, 812, 819, 820, 821, 827, 828, 839, 860, diagnosis file and
861,862, 863, 864, 865, 866, 867, 868, 869, 878, 8 active diagnosis
876, 877, 878, 879.2, 879.3, 879.4, 879.5, 879.6, file

879.7,879.8, 879.9, 887, 890, 896, 897, 900, 902, S

903,904, 922, 924.0, 924.4, 924.8,925, 926, 927,

928,929

INR: International normalized ratio;PT: prothrombiime; aPTT partial thromboplastin time;|CD-9
International Classification of Diseases 9th d€.l) Intensive Care Unit; APACHE Acute Physiologydan

Chronic Health Evaluation

b. For studying the association between acid suppnesaad NP:

Patients were excluded if any of the followingsséad: ICU length of stay less than

48 hours, nosocomial pneumonia within the firshé8rs of admission, receipt of PPIs

and H2Bs concomitantly or consecutively, concontitaral or fungal infection, the

receipt of PPIs or H2Bs for less than three dayd,missing source of admission or

teaching hospital status. Figure 3.3 illustratesblection criteria for this cohort.
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Figure 3. 3: Selection Criteria for the Cohort thatwas used in Studying the Association between Acid
Suppressents and Nosocomiaal Pneumonia.

No. of Patients= 572,519

ICU length of stay less than 48
hours or NP within the first 48
hours

-322,093

No. of Patients = 250,42

Combination or switching or PPIS
and H2Bs
-22,599

No. of Patients = 227,827

Concomitant Fungal/viral
pneumonia
-35,191

No. of Patients = 192,636

Less than three days of PPIs
or H2Bs use
-119,708

No. of Patients = 72,9:

Missing admission source
-18

Missing teaching Hospital
flag

-5,034

No. of Patients = 67,876

c. For studying the association between acid suppnessad CDAD:

Patients were excluded if any of the followingsséad: ICU length of stay less than

48 hours, clostridium-difficile associated diseagection within the first 48 hours of

admission, receipt of PPIs and H2Bs concomitantiyomsecutively, the receipt of PPIs
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or H2Bs for less than three days, and missing soofr@dmission or teaching hospital

status. Figure 3.4 illustrate the selection crtéoir this cohort.

Figure 3.4: Selection Criteria for the Cohort Usedo Study the Association between Acid
Suppressants and CDAD

No. of Patients= 572,519

ICU length of stay less than 48
hours or CDAD within the first -
324,60:

No. of Patients :247,91¢

"2

Combination or switching or PPI
and H2Bs
-22,602

No. of Patients = 225,314

Less than three days of PPIs or
H2Bs use
-134,928

No. of Patients = 90,386

Missing admission source

-21

Missing Teaching Hospital flag
-600:

No. of Patients = 84,362
No. of Patient-day=389,782

3. Study objectives and Designs:

The objectives of this study were to provide a ifetiadescription of the use and
overuse of SUP in ICUs and the efficacy and sadé®PIs and H2Bs as the main and the
most common modalities of SUP. Two study designewsed to analyze the data: first,
cross-sectional study design was used to deterfaoters associated with SUP

utilization and overutilization (first, manuscrip§econd, retrospective cohort study
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designs to explore the association between PPBsHAd clinically important
gastrointestinal bleeding, nosocomial pneumoniaG@ogtridium difficile infections

(2nd and 3rd Manuscripts).

Each of the following three chapters contains assp manuscript consisting of
relevant background, the analytic plan, resultsdiadussion. Then, a concluding

discussion follows these three chapters.
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Chapter IV. Stress Ulcer Prophylaxis utilization and overutiliation in Intensive
Care Units between 2008 and 2012

I ntroduction:

Stress ulcer prophylaxis is a standard of caratemsive care units (IGL) that is
given to prevent stress-related mucosal damage (®RStress-related mucosal damage
has been associated with the formation of stress tihat eventually may bleed and
increase ICU mortality. In the last two decades multiple guidelines canmite
determining which patients should receive SUP. mlost common in the US are the
1999 guidelines published by the American Sociétyenlth System Pharmacists
(ASHP)'®. Based on the available evidence at the time bfigation, the receipt of SUP
was recommended for patients with coagulopathy hau@cal ventilation for more than
48 hours, head injuries, burns that covers mone #3846 of body surface area and partial
hepatectomy. In addition, based on experts opirtfenguidelines recommended SUP
administration to patients with renal or hepatamsplantation, multiple trauma, spinal
cord injuries, history of gastrointestinal bleedorgulceration during the 12-months
period before ICU admission, or the presence ofdivbe following conditions: staying
in the ICU for more than a week, the developmerdaaiult GI bleeding for more than 6
days, sepsis or the receipt of glucocorticoids ant to 250 mg hydrocortisone or

more. Similarly, in 2008, the Eastern Associationthe Surgery of Trauma (EAST)
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recommended the administration of SUP to part efaforementioned patient

subgroup? (Table 4.1).

Table 4.1: Risk Factors for Stress Ulcer Related &trointestinal Bleeding in Intensive Care Units

Risk factors of gastrointestinal bleeding due to séss ulcer Source
Major
Mechanical Ventilation > 48 hrs. ASHP & EAST
Coagulopathy ASHP & EAST
Major Head Injuries ASHP & EAST
Major Burns (>35% of BSA) ASHP & EAST
Minor
Sepsis ASHP & EAST
Multiple Trauma Injury ASHP & EAST
Corticosteroid Therapy > 250 mg of hydrocortisan equivalent daily ASHP & EAST
Spinal cord injuries or Head injuries ASHP
Renal Failure ASHP
Hepatic Failure ASHP
Partial Hepatectomy ASHP
Transplantation ASHP
History of Gastric Ulcer or bleeding a yeamptio admission ASHP
ICU stay of > 1 week ASHP
Occult or overt bleeding for 6 days ASHP

ASHP: American Society of Health System PharmacissST: Eastern Association for the Surgery of
Trauma; BSA: Body Surface Area, ICU: Intensive Cdrat

However, since the introduction of the ASHP guikles, many aspects in ICU practice
have changed such as the introduction of protonppimbitors (PPIs) as one of the
main SUP modalities in many ICUs nowadays. In@aidi ICU care itself has changed
with the introduction of more sophisticated equiptrend better staff training which may
reduce the need for these medications. Furtherrttogenature of ICU care that requires
close monitoring and the advances in informati@htelogy created large ICU-based
databases that can be used in conducting obsarahstudies on large number of

patients. Despite all these changes, the majoritygeoSUP-related studies focused more
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on exploring the benefits and risks of SUP rathantexploring who is using these
medications in real world and the degree of incaagce between the guidelines and real
world. The latter is important in identifying SUResutilization and the topics that

require more investigations.

Many studies have documented overuse of SUP bd@Us and even in hospital
wards where SUP is not indicated. Percentageserigiization varied from 19% to
929%™ Studies have reported in-hospital annual costagpropriate use between
$11,000 and $23,080. Moreover, this overuse has been associated igitlifisant
financial burden not only due to unnecessary us€ls but also due to continuation of
use after hospital discharge. For instance, in Z0idmas and colleagues used a
managed care organization database of 29,348 bemafs who were prescribed proton
pump inhibitors (PPISs) in the ICU. They reportedttf8.7% of the patients were
inappropriately discharged on a PPI. In this stiodyyween 2003 and 2006, the total cost

associated with one month use of PPIs after hdspgeharge was $3,013,069

Thus, using this population-based study of multydars had two main objectives: First,
to describe SUP utilization which encompasses exygdhe use of different SUP
strategies, determining the percentage of patightsreceived SUP in concordance with
the guidelines i.e. adherence to guidelines anerahéning factors associated with the
receipt of SUP. This is important to determine anghere more implementation of the
guidelines is needed and the areas where morercessaecessarySecond, to describe
SUP overutilization over the five years of the statd determine factors associated with

it. We hypothesize, first, that if there was a pbgte overutilization then current practice
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would be indifferent between patients with strelseiurisk factors and patients without
them.Second, there should be no association betweanuthbéer of risk factors and the
likelihood of receiving PPIs, histamine type 2 i@oe antagonists, antacids or sucralfate
also known as Gastric Acid Modifying Drugs or Sufate (GAMAS). Lastly, we

explored factors associated with the SUP overatilin during study period.

Methods:

Data Source:
The data that was used in this study came fronelG&) Research Institute (eRI) data

repository. The elCU Research Institute is a prodtithe Philips Healthcare elCU
Program. The elCU program provides technology swistto enable health systems to
transform critical care with an integrated, systeide approach that allows efficient
utilization of scarce critical care resources vitittegration of therapeutic decision

support and standardization of evidence-basedtberaghout the enterprit€.

The elCU Research Institute gathers informatiomfroore than 40 health systems
encompassing approximately 293 ICUs across 34sshiate 2008 to June of 2012. In
each participating ICU, information pertaining tatipnts’ admission and discharge,
disease diagnoses, therapeutic management, labyorasolts, and demographics are
electronically documented with time of occurrenteninutes since ICU admission. In
addition, the system contains a care plan thaesgmts the intended daily plan for each
patient. Moreover, through an automated interthaé gathers information every 5-
minutes interval, patient’s clinical vital signsarollected and incorporated into the eRI

database repository. Selection of disease diagm@ssione through a menu of discrete
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diagnoses strings that are linked to the Internati€lassification of Diseases 9th ed.
(ICD-9) codes in the eRlI repository. In additioatipnt’s health status is measured using
the acute physiology and chronic health evaluamore version IV (APACHE-IV
score). The APACHE-IV score methodology uses 27abéas that cover patient’s age,
vital signs, laboratory results and diagnoses duttie first 24 to 36 hours of ICU
admission to assign a severity score to the patiedifpredict both hospital and ICU
mortality and LO%'. The score is widely acceptable as a measurevefigewithin the
ICU environment. Furthermore, clinicians’ remagksal nursing charts are transferred
from the health system and linked to correspontengs in the eRI repository. All
patient information that is deemed to be protebtisalth information was not included in
the database. Therefore, each patient stay issepiexd by a unique unit stay number,

and time is indexed from admission time in minutgher than calendar time.

Study design and inclusion and exclusion criteria:

This is a cross-sectional study that included pédiggho were admitted to ICUs
between January*2008 and June 3(2012. Patients who were under 18 years old, not
discharged from the hospital during study pericea@lor alive), had invalid admission
and discharge dates (e.g. admission date is afiehatge date), or had missing
demographics, diagnoses, or APACHE-IV score wectuebed from the study cohort. In
addition, to ensure complete ascertainment of na¢idic information the cohort was

restricted to ICUs that fully used the medicatioteirface in their systems.

Measures:

Risk factors of Stress Ulcer:
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The following patient subgroups were consideretisatof developing
gastrointestinal bleeding: MV> 24, coagulopathyadhejuries, multiple trauma,
transplantation, major burns, sepsis, acute reilaré, hepatic failure, ICU length of
stay (LOS) > 1 week, spinal injuries and corticosités therapy > 250 mg of
hydrocortisone or equivalent daily. Detailed dgstoon of the approach used in
identifying each of these covariates is providedppendix 1. While mechanical
ventilation, coagulopathy, major head injuries @jon burns were considered major risk

factors of gastrointestinal bleeding, all othetdas were considered minor risk factors.

Adherence to SUP:

Proton Pump inhibitors, H2Bs, sucralfate and adsaare commonly used
medications in ICU as SUP as well as treatmentfany other conditions from gastric
upset to peptic ulcer disease. Therefore, adhertens®/P was defined as the receipt of
one of the four classes, PPIs, H2Bs, sucralfantacids, within 24 hours window of
being at risk of stress ulcer (Scenarios A, B an&igure 4.1). Therefore, if a patient
received one of these four classes and discontitheedrug more than 24 hours before
being at-risk OR the patient received the drugré&tehours of being at-risk then these

were considered non-adherence (Scenario D andyire4.1).
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Figure 4.1: Different Scenarios of Defining Adherene to SUP

SUP eligible at ICU admission e.g. Head injuriesfis, Mechanical ventilation, etc...

-24 hoursy +24 hours

Scenario D Non-adherence \ Adher\((ance J . Nor-adherenct

; Y
Scenario Oﬂiﬂ/ Scenario A Scenario E
Scenario B Adherence >

SUP eligible after ICU admission e.g. Mechanicattilation, coagulopathy, etc...

ICU
-24 hour +24 hours
( ________ )
Scenario D\_Non-adherenci \ AdhereYnce ) Non-adherence
_ Adherence Scenario A Y
Scenario C_ 9 J Scenario E

Scenario B___Adherence >

In case of discontinuing the SUP drug more thah@4s of being at risk, although
PPIs have a long lasting effect that persists uBthours after discontinuation of
therapy*', the choice of 24 hours is a more conservativeagmh that ensures the
presence of PPIs’ effect at the occurrence ofigkefactor. Regarding the cases who
received a SUP drug after 24 hours of being at 84khours is a very long and adequate
time, in the ICU settings, for receiving a SUP dwiten a patient has a risk factor of

stress ulcer. This ensures the concurrence ofgkdactor and exposure. For instance, it
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is irrational to classify a PPI or H2B that waseqisix days after a patient was diagnosed
with a risk factor as a case of SUP adherence.eftva, the choice of a 24-hours

window increases the specificity that the intendsd was SUP.
SUP Utilization:

GAMAS are not specific to stress ulcer. Therefpiajents with other conditions
such esophageal or peptic ulcers end up receitiegetmedications. However, such
patients are still benefiting from the prophylagiroperty of these medications against
stress ulcer. Therefore, in this context, any GAMAS® is also stress ulcer prophylaxis.
Consequently, to determine how the SUP medicatoasised in real world we explored
factors associated with any use of PPIs, H2Bs catdar sucralfate during ICU stays. In
identifying these medications we used the hieraathngredient code list (HICL)
sequence numberThis number identifies a list of active ingrediim a product
regardless of its manufactut& Furthermore, the medication’s name was used in
addition to the HICL sequence number when therlatges not specific to the medication.
Appendix 1 shows both the HICL sequence numbersraatications names used in

identifying SUP medications.
Patient and ICU characteristics:

The distribution of SUP utilization was describgddge, gender and race. Clinical
variables are the set of variables that represdahtedforementioned risk factors of stress

ulcer. Gastrointestinal bleeding whether it waadihission or during ICU stay was

! A proprietary of First DataBank (www.fdbhealth.com
52



identified using diagnosis strings from the adnaissand active diagnosis files. Appendix
| contains a list of the diagnosis strings usedi@ntifying gastrointestinal bleeding. The
APACHE-IV score was used to measure patient’s hesverity. Drugs that increased
the risk of gastrointestinal bleeding includingian&gulants, thrombolytics, antiplatelets
and non-steroidal anti-inflammatory drugs (NSAIR&re also identified (Appendix 1).
With regards to ICU characteristics, SUP utilizatwas described among the different
types of ICUs: medical, surgical, mixed, traumagdeavascular and neurosciences, since

both practicing patterns and patients’ case-mix ditigr between these ICUs.

SUP Overutilization:

Overutilization was assessed using two approadinsts:by determining if stress
ulcer risk factors were associated with the us8WP medications and whether or not
there was a proportional relationship between ¢aeipt of these medications and the
number of risk factors. If there is a complete owéization then clinicians will be
indifferent between patients with these risk fagtand patients without them. Therefore,
one should not expect to see any association bet®&® medications and these risk
factors. Second, as it was mentioned earlieruieeof the SUP medications for any
reason provided a prophylactic protection agaitiess ulcer. Therefore, to quantify SUP
overutilization and determine factors associateti wj we defined overutilization as any
use of these medications without appropriate initina which are the followings: having
at least one risk factor of stress ulcer, duodalear, gastric ulcer, unspecified ulcer,

gastritis, angiodysplasia, Dieulafoy’s lesion orawsitis. For sensitivity analysis, we

53



excluded cases who only received antacids and aaetified the percentages of

overutilization.

Statistical Analyses:
The cohort was described using frequencies anapexges for categorical variables

and means and standard deviations for continuousbbes. In addition, to assess factors
associated with SUP utilization, characteristicpatients who received them were
compared to those of patients who did not usingsghiare and Fisher’s test for
categorical variables and t-test for continuousaldes. Because of the dichotomous
nature of the outcome i.e., the of receipt SUP osttins, multivariable logistic
regression was used to adjust for covariates. $timates’ standard errors were adjusted
for the ICU itself to account for clustering patiemvith an ICU using robust variance
estimator. The similar statistical approach waslueedetermine factors associated with
SUP overutilization. Data building was mainly darsgng SAS, version 9.3 (SAS

Institute, Cary, NC) while statistical analyses evdone using STATA 11 (StataCorp.)

143,144

Results:
Sample Characteristics
A total of 572,519 patients were included in thisdy. The sample was almost 76%
Caucasians and 54% males; the mean age was 62413 with 58% were older than
60. Nearly one-half (48.85%) were admitted to dikeUs. Coronary care ICUs had the
second highest percentage of patients (19.6%).aDyvtrere were 48,101 deaths (8.4%)
among which 32,510 cases occurred in the ICU. Taegbence of gastrointestinal
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bleeding was 7.3%. Out of the whole cohort, 494 (B#34%) of patients received at
least one dose of SUP medications. Proton Pumpitols use was the highest (60.0%)
followed by antacids (42.9%), H2Bs (30.5%) and aliate (2.9%). Approximately,
46% of the sample had at least one risk factonaf@ut of the whole cohort, the most
common risk factors were coagulopathy (20.5%), isgi4.6%), MV for more than 24
hours (11.4%), renal failure (10.0%) and ICU LO3% days (8.4%). Fifteen percent of
the patients had at least one major and one mislofactor, 19.4 % had at least one
major risk factor only, 10.5% had only one minakrfactor and 1.8% had two or more
minor risk factors without any major risk factokore than half of the sample (53.2%)
did not receive any type of feeding during theilUl€tay. Enteral nutrition was
administered to 44.5% of sample while parenterg&itmn was administered to only
0.5%. The remaining 1.9% has received both enter@dlparenteral nutrition during their
ICU stay. The use of medications that could inseethe risk GIB was prevalent in the
sample: Antiplatelets (62.7%), anticoagulants (54%g NSAIDs (42%). Only 2.1% of

the whole sample had gastrointestinal-related deseélrable 4.2)
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Table 4.2: Cohort Characteristics of 572,519 paties who were admitted and discharged from the
hospital between 1/1/2008 and 03/6/2012.

All
N=572,519
Characteristics Freq. Col %
Age
18 to 60 242,340 42.33
61to 70 120,927 21.12
71to 80 114,409 19.98
80 to 90 94,843 16.57
ICU Death 32,510 5.68
Hospital Death 48,101 8.4
Gastrointestinal Bleeding 41,773 7.3
Male 306,099 53.47
Race
Caucasian 433,761 75.76
African American 60,975 10.65
Hispanic 26,281 4.59
Native American 4,639 0.81
Asian 6,326 1.1
Other 40,537 7.08
Type of ICU
Mixed 279,653 48.85
Cardiovascular-Surgical 52,659 9.2
Coronary Care 112,341 19.62
Trauma 3,196 0.56
Surgical 40,129 7.01
Medical 50,325 8.79
Neuroscience 34,216 5.98
Gastric Acid Modifying Drugs or Sucralfate
Any 494,703 86.4
Proton Pump Inhibitors 343,236 60
H2Bs Antagonists 174,688 30.5
Sucralfate 16,692 2.9
Antacids 245,566 42.9
Medications
Anticoagulants 308,901 54
Antiplatelets 358,841 62.68
Thrombolytics 55,167 9.6
Coagulating Drugs 17,890 3.12
Non-Steroidal Anti-inflammatory Drugs 240,611 42.03
Misoprostol 888 0.16
Nutrition
No feeding 304,581 53.2
Enteral Nutrition 254,528 445
Parenteral Nutrition 2,788 0.5
Both Enteral Nutrition and Parenteral Nutrition 10,622 1.9
Diseases
Any Gastrointestinal diseases 11,893 2.1
Peptic Ulcer Disease 633 0.11
Gastritis 452 0.08
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Table 4.2, Continued

All
N=572,519
Characteristics Freq. Col %
Esophageal Disease 4,654 0.81
Duodenal Ulcer 231 0.04
Unspecified Ulcer 6,542 1.14
Angiodysplasia 0 0
Dieulafoy’s Lesion 0 0
Ulcer due to mucositis 0 0
Risk factors of Stress Ulcer
Coagulopathy 117,250 20.48
Mechanical Ventilation > 24 hours 65,092 11.37
Traumatic Brain Injury 17,825 3.11
Sepsis 66,605 11.63
Staying in ICU for more than 7 days 48,201 8.4
Hydrocortisone> 250 mg / day or Equivalent 10,023 1.75
Hepatic Failure 9,228 1.6
Burns covering 30% or more of Body Surface Area 56 0.01
Acute Renal Failure 57,068 9.97
Spinal Injuries 5,562 1
Multiple Trauma 4,820 0.8
Transplantation 1,038 0.2
Number of Risk Factors
0 306,536 53.5
1 168,725 29.5
2 65,873 11.5
3 24,049 4.2
>4 7,336 1.3
Types of Risk Factors
Not at risk 306,536 53.5
Any Risk factor 265,983 46.5
Major only 110,870 19.4
Minor only 70,403 12.3
One minor 60,258 10.5
Two minors or more 10,145 1.8
Both major and minor 84,710 14.8
APACHE |V Score (mean, SD) 53 25.23

ICU: Intensive Care Unit; HIV: Human ImmunodeficanVirus; AIDS: Acquired Immunodeficiency
Syndrome; APACHE score 1V: Acute Physiology and@fic Health Evaluation Score version IV;
NSAIDs: Non-Steroidal Anti-inflammatory Drugs.; BSBody Surface Area; SD: Standard deviation

Adherence of SUP:

Among the 265,983 who were at risk of stress ulagherence of stress ulcer
prophylaxis, defined as the receipt of one of the tategories within a 24-hours

window of having a risk factor, was 82.87%. Sinn&aaids use as SUP is uncommon
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nowadays, we included them with one of the otheretlyroups whenever antacids were
administered with one of them (Figure 4.2). WhiRi$were the highest widely used
(49.80%) followed by H2Bs (17.96%), sucralfate wses the lowest (0.5%). Only 9809
patients (3.69%) of patients at risk of stressruleeeived antacids within 24 hours of
being at risk without any other medications. Betw#e four groups, this pattern of
utilization remained constant over the five yedrthe study. However, over the five
years, there was a gradual reduction in PPIs atibm from approximately 52.4% in
2008 to 46.8% in 2012 accompanied by an increabBs utilization from 15.96% to

20.1% (Figure 4.2).

Figure 4. 2: Adherence of Stress Ulcer Prophylaxiamong Patients at Risk of Stress Ulcer between
2008 and 2012 (Total=265,983)
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Factors associated with SUP medications utilizagion

The bivariable analysis showed that regardleskefge group, patients above 60
were more likely to receive SUP medications thas¢hbelow 60 (OR= 1.26, 99%CI:

1.23-1.28.) When compared to Caucasians, African Americans leseelikely to
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receive SUP medications (OR= 0.90, 99%CI: 0.87)0v@#le Native Americans were
more likely to receive them (OR=1.12, 99%CI=1.026). Concerning medications,
patients who received SUP medications were moedylito be on anticoagulants,
antiplatelets, thrombolytics, NSAIDs and drugs ukedcoagulation .On the other hand,
the receipt of misoprostol was inversely associatgl the receipt of SUP medications
(Table 4.3). Patients who experienced one of gaséstinal-related diseases were almost
4.00 times more likely to receive SUP medicatidratpatients who did not (99%CI:

3.53-4.51).

With regards to stress ulcer risk factors, both fdvmore than 24 hours and
transplantation were associated with the higheds @dl receiving SUP medications
comparing to not having one of these risks (OR2,199%CI:15.52-18.97; OR=18.01,
99%CI:7.61-42.67, respectively ). Moreover, patients who stayediore than 7 days in
the ICU were 10.25 times more likely to receive Sti&dications than those with shorter
length of stay (99%CI1=9.35-11.25). Other risk @astincreased the odds of SUP
medications receipt between 1.12 and 2.7 deperadireach risk factor (Table 4.4).
Furthermore, the odds of receiving these drugsased as the number of risk factors
increased from 2.17 with one risk factor to 52.2thviour or more risk factors (Table

4.4).
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Table 4.3: Bivariable and Multivariable analyses ofPatients who Received Gastric Acid Modifying
Drugs or Sucralfate (GAMAS) compared to patients whb did not receive them

]

No
GAMAS GAMAS
n=77,816 n=494,703 Unadjusted Adjusted

Characteristics Freq. Freq. OR 99%ClI OR 99%ClI
Age

18 to 60 36,752 205,588 Ref Ref Ref

61 to 70 14,799 106,128 1.28 [1.25-1.32] 0.96 [0.92-1.00]

71to0 80 14,023 100,386  1.28 [1.25-1.32] 0.87 [0.82-0.92]

81 to 90 12,242 82,601 1.21 [1.17-1.24] 0.79 [0.73-0.85]
ICU Death 2,836 29,674 1.69 [1.6-1.78] -- -
Hospital Death 4,404 43,697 1.62 [1.55-1.68] -- --
Gastrointestinal 1,423 40,350 4.77 [4.44-5.11] 5.67 [5.18-6.21]
Bleeding
Male 42,568 263,531 0.94 [0.93-0.96] 0.91 [0.88-0.94]
Race

Caucasian 58,867 374,894 Ref Ref Ref

African American 9,096 51,879 0.90 [0.87-0.92] 0.88 [0.79-0.98]

Hispanic 3,492 22,789 1.02 [0.98-1.08] 1.10 [0.96-1.21]

Native American 569 4,070 1.12 [1-1.26] 1.10 [0.97-1.25]

Asian 816 5,510 1.06 [0.96-1.17] 1.03 [0.85-1.25]

Other 4,976 35,561 1.12 [1.08-1.17] 1.26 [1.13-1.41]
Type of ICU

Mixed 39,243 240,410 Ref Ref Ref

Cardiovascular- 6,809 45,850 1.10 [1.06-1.14] 1.10 [0.81-1.49]
Surgical

Coronary Care 16,895 95,446 0.92 [0.9-0.95] 0.92 [0.76-1.13]

Trauma 610 2,586 0.69 [0.62-0.78] 0.70 [0.47-1.04]

Surgical 4,174 35,955 1.41 [1.35-1.47] 1.38 [1.08-1.76]

Medical 5,696 44,629 1.28 [1.23-1.33] 1.24 [0.85-1.82]

Neuroscience 4,389 29,827 1.11 [1.06-1.16] 1.37 [1.02-1.83]
Medications

Anticoagulants 32,269 276,632 1.79 [1.75-1.83] 1.27 [1.14-1.41]

Antiplatelets 41,154 317,687 1.60 [1.57-1.63] 1.45 [1.30-1.62]

Thrombolytics 4,509 50,658 1.85 [1.78-1.93] 1.22 [1.04-1.44]

Coagulating Drugs 1,081 16,809 2.50 [2.3-2.71] 1.68 [1.09-2.57]

Non-Steroidal 20,790 219,821 2.19 [2.15-2.24] 1.78 [1.63-1.94]

Anti-inflammatory

Drugs

Misoprostol 133 755 0.89 [0.7-1.14] 0.97 [0.76-1.25]
Nutrition

No feeding 42,428 262,153 Ref Ref Ref
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Table 4.3, Continued

No
GAMAS GAMAS
n=77,816 n=494,703 Unadjusted Adjusted
Characteristics Freq. Freq. OR 99%Cl OR 99%Cl
Enteral Nutrition 34,775 219,753  1.02 [1-1.04] 0.89 [0.79-1.00]
Parenteral Nutrition 193 2,595 2.18 [1.79-2.64] 1.12 [0.92-1.35]
Both 420 10,202 3.93 [3.46-4.47] 1.13 [0.95-1.34]
Diseases
Any 459 11,434 3.99 [3.53-4.51] 1.45 [1.22,1.74]
Gastrointestinal
diseases
Peptic Ulcer 29 604 3.28 [2.01-5.35] -- --
Disease
Gastritis 13 439 5.32 [2.57-10.98] -- --
Esophageal Diseas 208 4,446 3.38 [2.82-4.06] -- --
Duodenal Ulcer 1 230 36.19 [2.74-478.13] -- --
Unspecified Ulcer 226 6,316 4.44 [3.73-5.29] -- --
Angiodysplasia 0 0 - - -- --
Dieulafoy’s Lesion 0O 0 - - -- --
Ulcer due to 0 0 - - -- --
mucositis
Risk factors of Stress Ulcer
Coagulopathy 7,990 109,260 2.48 [2.4-2.56] 1.99 [1.80-2.19]
Mechanical 673 64,419 17.16 [15.52-18.97] 10.63 [9.23-12.25]
Ventilation > 24
hours
Traumatic Brain 1,649 16,176 1.56 [1.46-1.67] 2.36 [1.88-2.95]
Injury
Sepsis 5,005 61,600 2.07 [1.99-2.15] 1.34 [1.24-1.44]
Staying in ICU for 796 47,405 10.25 [9.35-11.25] 2.96 [2.60-3.37]
more than 7 days
Hydrocortisone> 730 9,293 2.02 [1.83-2.23] 1.55 [1.41-1.70]
250 mg / day or
Equivalent
Hepatic Failure 512 8,716 2.71 [2.41-3.05] 1.36 [1.22-1.52]
Burns covering 4 52 2.04 [0.54-7.77] 1.24 [0.38-4.03]
30% or more of
Body Surface Area
Acute Renal 4,358 52,710 2.01 [1.93-2.1] 1.12 [1.03-1.21]
Failure
Spinal Injuries 688 4,874 1.12 [1-1.24] 1.79 [1.53-2.10]
Multiple Trauma 410 4,410 1.70 [1.49-1.94] 1.80 [1.45-2.24]
Transplantation 9 1,029 18.01 [7.61-42.67] 13.28 [7.25-24.34]
Number of Risk factors of Stress Ulcer
0 58,520 248,016 - -- -- --
1 16,176 152,549 - -- - --
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Table 4.3, Continued

No
GAMAS GAMAS
n=77,816 n=494,703 Unadjusted Adjusted
Characteristics Freq. Freq. OR 99%ClI OR 99%ClI
2 2,733 63,140 - -- - -
3 369 23,680 - - - -
>4 18 7,318 - -- -- --
Type of Risk factors of Stress Ulcer -- --
Not at risk 58,520 248,016 Ref Ref -- --
Any Risk factor 19,296 246,687  3.02 [2.95-3.09] - -
Major only 8,254 102,616 2.93 [2.84-3.03] -- --
Minor only 9,161 61,242 - - -- --
One minor 8,086 52,172 1.52 [1.47-1.57] -- --
Two minors or 1,075 9,070 1.99 [1.83-2.17] -- --
more
Both major and 1,881 82,829 10.39 [9.77-11.05] -- -
minor
APACHE IV Score 46 55 1.02 [1.02-1.02] 1.01 [1.01-1.02]
[mean, SD]
Observations 572,519 572,519

GAMAS: Gastric Acid Modifying Drugs or Sucralfat®R: Odds Ratio; ICU: Intensive Care Unit; HIV:
Human Immunodeficiency Virus; AIDS: Acquired Immadeficiency Syndrome; APACHE score IV:
Acute Physiology and Chronic Health Evaluation ogersion IV; NSAIDs: Non-Steroidal Anti-
inflammatory Drugs.; BSA: Body Surface Area; SDar8tard deviation; Ref: Reference

Table 4.4: Association between number of risk faors and the receipt of Gastric Acid Modifying
Agents or Sucralfate (N=572,519)

Number of Risk Factors Unadjusted *Adjusted

Odds Ratio 99%ClI Odds Ratio 99% ClI
None (Reference)
One 2.23 [2.17-2.28] 1.90 [1.76-2.04]
Two 5.45 [5.18-5.74] 3.71 [3.29-4.18]
Three 15.14 [13.22-17.34] 8.30 [6.72-10.27]
Four or More 95.93 [52.23-176.19] 41.77 [22.68-76.92]

* Adjusted for: Age, gender, race, ICU type, antigalant use, antiplatelet use, thrombolytics use,
misoprostol, Non-steroidal anti-inflammatory drugsteral nutrition, parenteral nutrition, APACHE IV
score, gastrointestinal diseases and cirrhosis

In the multivariable logistic regression, with teception of burns, all stress ulcer

risk factors were positively associated with theeipt of SUP medications. The biggest
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risk factors were transplantation (OR=13.28, 99%0Q247-24.34), MV for more than 24
hours (OR=10.63, 99%CI: 9.23-12.25) and prolong&d stay (OR=2.96, 99%ClI:
2.597-3.371). The rest of the risk factors incrdabe odds of SUP medications receipt
in a range between 1.12 and 2.35 compared to patidro did not have these risk factors
(Table 4.3). Moreover, gastrointestinal-relatecedses were positively associated with

SUP medications use with an odds ratio of 1.452i(88%CI: 1.22-1.74).

Interestingly, gastrointestinal bleeding predidieel use of SUP medications more
than most of stress ulcer risk factors with an aadi® of 5.67 (99% CI: 5.18-6.21).
Similarly, patients who took one of the blood mgaify drugs i.e. anticoagulants,
antiplatelets, drugs used for coagulation or throlytics were more likely to be on SUP
medications than patients who did not. Betweenetli@sr therapeutics groups, drugs
used for coagulation were associated with the Isigiperease in the odds of receiving
SUP medications (OR=1.68, 99%CI: 1.10-2.60) whiletbolytics were associated
with the smallest increase (OR=1.22, 99%CI: 1.G4)1.Remarkably, the receipt enteral
nutrition was associated with 12% reduction indldds of SUP medications receipt
(OR=0.88, 99%CI: 0.79-1.00). On the other handgp&t who received TPN with or
without enteral nutrition were positively assocthtth the receipt of SUP medications
(Table 4.3).Compared to mixed ICU, neurosciencesamdical ICUs were more likely to
prescribe SUP medications. In addition, comparedaocasians, African Americans
were less likely to receive them (OR=0.88, 99%CT1960.98). With regards to gender,
males were less likely to receive SUP medicatiampared to females (OR=0.91,

99%CI: 0.90-0.94). Unlike the results of bivariablealysis, regardless of the age group,
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patients above 60 were less likely to receive SW@dioations compared to patients less

than 60.

Lastly, When the number of risk factors was usetieiad of the type risk of risk
factors in the multivariable logistic regressidme proportional association between SUP
medications receipt and the number of risk facstitkexisted but with lower magnitudes

of estimates (Table 4.4).

Overutilization of Stress Ulcer prophylaxis:

Out of the whole cohort of 572,519 patients, 285,28.8%) of them did not have
any known risk factors of stress ulcer, gastrimestrelated diseases or bleeding.
Almost, 80% of these patients did receive SUP dyitireir ICU stay. Even when
antacids were removed as a modality of SUP, theepéaige of overutilization was
70.34%. Furthermore, from 2008 to 2012 there washserved difference in the
percentages with and without antacids use (FigL8e Regardless of ICU type, more
than 70% of patients who did not have stress ulskifactors, gastrointestinal diseases
or gastrointestinal bleeding did receive SUP méditina. Overutilizaton was the highest
in surgical ICU (85.3%) and the lowest in traum&1(Z2%). The removal of anatacids

as a modality of SUP only reduced overutilizatigrob12% (Figure 4.4).
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Figure 4.3: Percentage of Patients who did not hawaress ulcer risk factors, gastrointestinal dise&s
or gastrointestinal bleeding who received stress ¢&r prophylaxis medications by year
(Total=285,251)
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Figure 4.4: Percentage of Patients who did not hawress ulcer risk factors, gastrointestinal dise@s
or gastrointestinal bleeding who received stress cgr prophylaxis by ICU Type (Total=285,251)
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From a different angle, patients who received dritbe@drugs used in stress ulcer
(n=494,703), 46.18 % did not have known risk fastirstress ulcer, gastrointestinal
bleeding or any known diagnoses of gastrointestielated diseases. This percentage
ranged from 38.7% to 54.3% based on the type olGhe Even when antacids use was
excluded, the percentage of overutilization wag%with a range between 37.0% and
52.2 (Figure 4.5). This percentage was approxima@hstant across the five years of the
study (Figure 4.6). Other Univariable and bivarsahhalyses are provided in Appendix I,

Table 4 and 5.

Figure 4.5: Percentages of overutilization among pieents who received PPls, H2Bs, Sucralfate or
antacids by ICU type
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Figure 4.6: Percentages of overutilization among pieents who received PPls, H2Bs, Sucralfate or
antacids by year
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Among patients who did not have known risk factafrstress ulcer, gastrointestinal
diseases or gastrointestinal bleeding (n=285,26&)multivariable regression revealed
that the biggest predictor of overutilization wasng on MV for less than 24 hours (OR:
3.3; 99%CI: 3.04-3.59). With regards to medicatiase, SUP overutilization was
positively associated with the use of anticoageld®R: 1.30; 99%ClI: 1.27-1.34),
NSAIDs (OR: 1.78; 99%CI: 1.73-1.83), antiplatel@@R: 1.44; 99%CI: 1.39-1.48) and
thrombolytics (OR=1.17, 99%CI: 1.11-1.24). In aduht patients above 70 were less
likely to receive SUP as an overutilization complai@ patients less than 60 years old.
Compared to mixed ICU, coronary care ICU (OR: 0®820Cl: 0.91-0.97) and trauma
ICU (OR: 0.74; 99%CI: 0.63-0.87) were associateith\wawer SUP overutilization. In

contrast, all other ICU types were associated higfner SUP overutilization compared

67



to mixed ICU. Lastly, there was an inverse relattop between enteral nutrition and

SUP overutilization (Table 4.5).

Table 4.5: Factors associated with SUP medicatiomserutilization among patients who did not have
known risk factors of stress ulcer, gastrointestinarelated diseases or gastrointestinal bleeding
between 2008 and 2012 (n=285,251).

Characteristics OR 99% Cl
Mechanical Ventilation for Less than 24 hours 3.304*** [2.472,4.415]
Age
18 to 60 Reference
61to 70 0.987 [0.942,1.034]
71to 80 0.900** [0.844,0.960]
80 to 90 0.833*** [0.777,0.894]
Male 0.908*** [0.877,0.940]
Race
Caucasian Reference
African American 0.896 [0.797,1.007]
Hispanic 1.049 [0.914,1.203]
Native American 1.044 [0.931,1.171]
Asian 1.03 [0.846,1.254]
Other 1.188** [1.052,1.343]
Type of ICU
Mixed Reference
Cardiovascular-Surgical 1.044 [0.806,1.352]
Coronary Care 0.94 [0.770,1.148]
Trauma 0.74 [0.504,1.088]
Surgical 1.406** [1.088,1.818]
Medical 1.258 [0.857,1.847]
Neuroscience 1.426* [1.051,1.935]
Medications
Anticoagulants 1.304*** [1.169,1.455]
Antiplatelets 1.437*** [1.285,1.608]
Thrombolytics 1.172 [0.986,1.394]
Coagulating Drugs 1.238 [0.803,1.908]
Non-Steroidal Anti-inflammatory Drugs 1.783** [146.,1.938]
Misoprostol 0.882 [0.685,1.137]
Nutrition
No feeding Reference
Enteral Nutrition 0.891 [0.787,1.008]
Parenteral Nutrition 1.067 [0.846,1.346]
Both 1.037 [0.839,1.281]
APACHE |V Score 1.017*** [1.009,1.013]
Observations 285,251

OR: Odds Ratio; ICU: Intensive Care Unit; HIV: Humianmunodeficiency Virus; AIDS: Acquired
Immunodeficiency Syndrome; APACHE score |V: AcuteyBiology and Chronic Health Evaluation Score
version IV; NSAIDs: Non-Steroidal Anti-inflammatoBrugs.; BSA: Body Surface Area; SD: Standard
deviation; Ref: Reference

* p<0.05, ** p<0.01, *** p<0.001
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Discussion:

In this retrospective cohort study that include@,519 patients the utilization of SUP
medications was very prevalent (86.4%). The mostroon risk factors of SUP were
coagulopathy, MV for more than 24 hours, long IG&ys and sepsis. Patients in ICUs
are usually put on prophylactic anticoagulantsrevent deep vein thrombosis or
pulmonary embolism. Therefore, patients may devettagulopathy during their ICU
stay making it the most common SUP risk factoiGis. In addition, due to the severity
of their illnesses, many patients may end up deetpsepsis or respiratory failure that
requires mechanical ventilation which explainsfie these factors were the among the
most common stress ulcer risk factors. Among patidro had at least one stress ulcer
risk factor, almost 83% did receive a SUP medicatiithin a 24 hours window of risk
factor occurrence indicating good identificationstriess ulcer risk factors, immediate
plan of action in these ICUs and adherence tofrestice. However, there was a huge
shift in the therapeutic classes used comparettley dterature. For instance, from 1999
to 2007, five surveys examined SUP utilization@ulsettings; two before 20G2°4°
and three from 2002 until 2087*° In all these studies, H2Bs utilization was betwee
65% and 75%. On the other hand, PPIs utilizatiog as than 5% up to 2002. Upon the
introduction of the first generic omeprazole in Np\2002*° there was a shift in
prescribing patterns that led to a jump in PPIkzation to 23%*'*° In our sample,
regardless of the timing of the risk factor, PPde was the highest followed by H2Bs
use. For instance, in the full cohort PPIs use 622 while H2Bs use was 30.5%.
Furthermore, PPIs that were given within 24 hodrseing at risk were the most

frequently used (49.8%) followed by H2Bs (17.96%4)is flip in utilization between
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H2Bs and PPIs is most likely due to two main reasérst, the introduction of generic
pantoprazole in 2067 which reduced the cost of these medications arréased the
competition with H2Bs; Second, and more importaritig multiple meta-analyses and
cost-effective studieS "> "**>that were published in the last ten years reirfohe
belief that PPIs are at least as effective as avst fikely cost-effective alternative for
H2Bs. On the other hand, in Figure 4.2, the gradegction in PPIs utilization over the
five years from 52.4% to 46.8% that was accompabied gradual increase in H2Bs
utilization from 15.96% to 20.1% is most likely dtlnee increased awareness about
possible side effects of PPIs such as CDAD and $\Wedl as the possible interaction
with clopidogrel which made H2Bs safer alternalf{é?0124124.15313qagpite the
reduction in PPIs use over the five years, thetfaat the reduction was modest (from:
52.4% to 46.8%; absolute reduction=5.6%; relataduction=10.7%) indicates that
despite PPIs’ side effect and drug interactiongtilagority of clinicians perceive PPIs as
a more effective SUP than H2Bs with a similar safebfile. However, since the
objective of the study was not conducting a segatetime series analysis, these

proposed explanations should be further investibetdéuture research.

SUP utilization was inversely associated with d&@mpared to patients younger than
60, all other groups of old patients were lesdyike receive SUP (Table 4.3). Although
we have adjusted for hepatic impairment, it is gmeghat there was a residual variation
between the different age groups in terms of thersy of the impairment. These
differences may make older patients more proneug thteractions which could make

clinicians more hesitant to prescribe PPIs or dainat, for instance, to the elderly. An
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evident example is the interaction between PPlsciomldogrel. Clopidogrel as a
prodrug needs to be activated in the liver by CYP2€nzyme to the active metabolite
responsible for the antiplatelet effects. Protamp Inhibitors and cimetidine are known
inhibitors for CYP2C18&*1°%1% enzyme which with hepatic impairment may redunze t
antiplatelet effectiveness of clopidogrel. Thugiclans may be less likely to prescribe

these medications to older patients.

In our study, African Americans were 12% less ke receive SUP than Caucasians
(OR=0.88; 99%ClI: 0.79-0.98). Racial disparitiesdnaeen documented in both ICU
practice and non-ICU practice with regards of trestt selectiot?®*®* However, this
difference in SUP utilization, although it could &¢rue, should not be considered as a
disparity without further investigation as it cowdtso be due to unmeasured confounders

that are less relevant to this stiffy®®

In this cohort, most of stress ulcer risk factoeyevassociated with SUP medications
utilization (Table 4.3). In particular, transplatma (OR=13.28, 99%CI: 6.88-25.66) and
MV for more than 24 hours (OR=10.63, 99%CI: 9.8449]) were the strongest
predictors of SUP medications use among thesdactkrs. This association between
stress ulcer risk factors and SUP medications ef$ects the congruence between the
guidelines and current practice which is indicat¥elinicians’ awareness of these risk
factors importance in stress ulcer etiology andseguently, the importance of
prescribing SUP. In addition, the proportional g&se in the odds ratio of receiving SUP
medications from 1.90 with one risk factor to 41with four or more risk factors
suggests that clinicians consider not only theterise of risk factors but also the number
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of risk factors in their decision to prescribe S@Rble 4.4). The latter is concordant with
studies that found a proportional relationship leetwthe number of risk factors and
stress-induced bleeditfd. On the other hand, SUP drugs were administerathtost

80% of patients who were not at-risk of stressnildiel not have gastrointestinal
bleeding or gastrointestinal-related diseases atitig that the issue of overutilization

still exists despite the large number of studies thised this issue in the

literaturg>1°716°

In the multivariable regression models, MV >24 Isowas associated with SUP use
while MV <24 hours was associated with SUP overlikes implies that clinicians
identify MV as a major risk factor of stress ul&eit do not consider the duration of MV
as a qualifying factor for the receipt of SUP. Rhea the ASHP guidelines, patients
should receive SUP if they have respiratory failmanifested by being on MV for more
than 48 hoursThis recommendation was based on Cook’s seminarpapich found
that patients with the aforementioned conditionenagra greater risk of stress induced
bleeding (OR = 15.6; no confidence interval reprfe< 0.002%". In this paper, the
choice of 48 hours was not justified. Thereforesdshon the fact that stress-related
mucosal damage is known to start within hours & Eeimission and occurs in almost
every patient admitted to the IEt}*3 many clinicians considered respiratory failure
manifested by the use of MV for less than 24 haassifficient to prescribe SUP. This
made MV for less than 24 hours the strongest predaf SUP overutilization (OR=3.3,

99%CI: 2.5 to 4.4). In the absence of studiesdleérmines the minimum duration of
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MV required to induce stress ulcer-related bleedihig practice pattern will continue to

exist.

In Figure 4.5, out of 455,109 patients who receigektast one dose of PPIs, H2Bs or
sucralfate, almost 44% of them did not have anyidwnted risk factors of stress ulcer,
duodenal ulcer, gastric ulcer, unspecified ulcastitis, angiodysplasia, Dieulafoy’s
lesion or ulcers due to mucositis. Furthermoresehgercentages stayed nearly constant
over the five years of the study (Figure 4.6). Hetically, if we consider that up to
50% of them had undocumented reasons that reqgthieegldministration of one of these
medications, we can safely assume that only 22%alidhave a justifiable reason to
receive these drugs. This is translated to 100pk2@nts between 2008 and 2012. Thus,
assuming equal distribution of patients over tharye20,024 patients per year were
receiving these drugs with no clinical reasons.rétoge, as a back of the envelop
calculation, if we assume that the patient willeige only one dose per day and that the
cost of the dose is 25 cents, $5006 were wastdwbutiany returned benefit and with
potential exposure to side effects each year. Qfse this number is underestimated
given that it does not include the number of adddi doses, the total length of stay and

the cost of treating a side effect.

Other factors may also have led to SUP overutibrat~or instance, recent studies
have reported that the fear of liability, lack mhé to question the need for SUP and the
perception that these medications are safe migbthyed a role in this pattern of

practicé®1¢’
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Non-steroidal anti-inflammatory drugs have beerglknown to cause gastric ulcer
that requires the administration of one of the Sllications. In our definition we did
not include NSAIDs because we included all typegadtric ulcers and/or gastric-related
diseases. In the multivariable regression of SUgtilization, NSAIDs were associated
with SUP overutilization i.e. the use of SUP metaras without an indication
(OR=1.78, 99%CI: 1.64-1.94). Although NSAIDs utseif could be enough indication
for SUP medications use, it is unclear if everygrdaton NSAIDs therapy in ICUs, where
the majority of patients stay only for few daygyuges SUP medications. This is a

guestion that is still open for future research.

The use of blood modifying drugs such as antifgédeand anticoagulants was also
positively associated with overutilization i.e. thee of SUP medications without an
indication (Table 4.5). Despite the fact that theagents did not have any known
indications it is most likely that they had an uadmented coagulopathy. In our study,
the definition of coagulopathy was based on hayiatglets counts less than 50,000
per/mf, an international normalized ratio > 1.5, or atprombin time > 50 sec. Most of
the anticoagulants’ therapeutic targets are aboudlR of 2°4%° Therefore, by
definition, these therapeutic targets will leadté@agulopathy. However, this
coagulopathy may have not been documented if tltbaalestaff did not fully use the
elCU interface, did not capture it, or did not do@nt it because the patient was about to

get discharged.

Our study has limitations that should be considevkdn interpreting the findings.
First and most important; we could not ascertairepgs’ past medical history of gastric
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ulcer of bleeding during the twelve months bef@®& ladmission or the presence of
occult bleeding for six days in this data. These tactors are known indications for
SUP. Occult bleeding is usually identified throwsgfecal sample that shows a positive
guaiac test with no indication of overt bleedingweéver, it is less likely that the test of
occult bleeding is done routinely in the ICU. Cansently, the lack of ascertainment of
these two factors may have led to an underestimatiohe percentage of patients who
received SUP medications appropriately and ovenasitbn of the percentages of
overutilization reported in this study. Howevenc® the majority of patients (86%) have
received SUP medications in our study the undenesion of SUP medications use is
less of a concern. On the other hand, with regatte overestimation of SUP
overutilization, our simple calculations showed tnen with the assumption that 50%
of patients who received SUP medications had amaundented indication there were
around 20,024 patients per year who were exposttese medications for no expected
benefit. Second, there are factors that may affecpredictors of overutilization that we
could not capture in our data such as hospitaladtaristics, the presence of SUP
protocol, the presence of ICU pharmacists, anditatiak factors such as fear of liability
or physicians’ perception about the safety of thraséications. Third, since the ICUs
participated in this study were part of Philips ©l@rogram, the results may not be

generalizable to ICUs outside the program.

In conclusion, the practice pattern of SUP utii@athas shifted toward H2Bs over
PPIs between 2008 and 2012. While current praoticegnizes the existence and the

number of stress ulcer risk factors in the decismprescribe SUP , the issue of SUP
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overutilization was observed in almost 80% of pasevho did not have any known
indication. Patients are facing the danger of bexgpsed to the adverse effects
associated with these medications such as nosocpngamoniaclostridium difficile-
associated diseases and hypomagnesaemia in additioa financial burden of
unnecessary use faced by hospitals. Hospitalistsre@nsivists should not only be
cognizant of the presence of stress ulcer rislofadiut also about the lack of these risk
factors to optimize patient’s therapy. In additiefforts should be exerted to develop
integrated systems where pharmacists and technokoggssist in detecting
overutilization and evaluate the impact of thesg#teays on both safety and effectiveness

of SUP.
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Chapter V. Comparative Effectiveness of Proton Pump Inhibitorsvs. Histamine
type-2 receptors blockers in preventing Clinicallyimportant Gastrointestinal

Bleeding in Intensive Care Units: A population-baseé study
I ntroduction:

Stress-related mucosal damage was first descnb2842 by T.B. Curling. He
presented a case series of patients who develaptedal ulceration following
extensive burn& Since that time, several observational studiesrandomized
controlled trials (RC®) have shed light on the mechanisms by which stegsts to
gastrointestinal bleeding (GIB) and its prophylactiodalities. After a series of studies in
the 1970s and 1980s, histamine type-2 receptokbisdH2Bs) became the cornerstone
of stress ulcer prophylaxis (SUP) in intensive aargs (ICU(s)), specifically, when the
Food and Drug administration (FDA) approved as & Sdig in late 1980s. Alongside
the FDA approval, the ease of administration of Bl2Bated the use of sucralfate, their
biggest competitor at that time, as a SUP medicafiberefore, when proton pump
inhibitors (PPIs) came to the market, it was logioacompare them to H2Bs. Both
therapeutic classes are known to reduce gastiicpoduction in the stomach. Gastric
acid is an essential component in the developmiesttess ulcer. Its secretion is mainly
stimulated by histamine, acetylcholine and gasfrivese three compounds bind to their
receptors on parietal cells which are responsiimgfoducing Hydrogen ions and
maintaining gastric pH around 1*% The binding starts a series of intracellular aasc

that ends up with the activation of a Hydrogen-Bsitam ATPase pump (K" pump)
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that releases the hydrogen ions into the gastmetu Histamine receptor type-2 blockers
inhibit acid production by blocking histamine retmg on parietal cells. In contrary, PPIs
suppress acid production by irreversibly inhibitthg H/K* pump itself°. This

distinction in mechanism of action illustrate winyetrance develops with H2Bs but not
with PPIs. When histamine receptors are blockeety&holine and gastrin secretions
increase as a compensatory mechanism leadingitatm of H/K* pump and

hydrogen ion release from parietal cells despiehiockade. To the contrary, once the
H*/K* pumps are inactivated by PPIs, the parietal cslfidoes not produce hydrogen
ions until new pump are formed. Thus, the PPIskade is not influenced by the
compensatory release of histamine, acetylcholimegastrin’’. Both the development of

tolerance to H2Bs and the irreversible action dsRRplain the higher potency of PPIs,

as acid suppressors, compared to H2Bs.

Since 1993, twelve RCT were published comparing R&*H2Bs. Nine of these
studies were published after 2000, i.e., afteptiidication of the ASHP guidelines that
recommended the use of H2B2® Five meta-analyses summarized the results oéthes
RCTs"*">. While four of the meta-analyses concluded thds RRere more effective
than H2Bs in preventing stress ulcer-related GHg meta-analysiddid not find any
difference between the two therapeutic classesaisof the biological plausibility and
the results of these meta-analyses, PPIs becanmea$tecommonly used SUP in
intensive care units overcoming H2Bs as a moreafious SUP. However, many
methodological flaws were reported in the RCTs thate used in these meta-analyies

In 2014, an observational study of 35,312 patieartsong which 21,873 (61.9%)
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received PPIs and 13,439 (38.1%) received H2Bs\ddbat PPIs were associated with
higher risk of GIB compared to H2Bs (5.9% vs 2.1%djer propensity score and
covariates adjustment, the investigators found s were associated with higher risk
of GIB (OR=2.24, 95%CI: 1.81-2.76). This findingnteadicted all pervious SUP
literature that suggested PPIs’ higher efficacher&fore, the objective of this study was
to determine whether PPIs were associated withriomsie of clinically important

gastrointestinal bleeding (CIGIB) compared to H2Bsong patients admitted to ICUs.

Methods:
Data:

The cohort used in this study came from the PhaigdJ Research Institute (eRI)
data repositor}/°. The data has been previously described in taetitré’.. Briefly, the
data consists of electronic medical records thatain physical examinations, laboratory
results, diagnoses, treatments, physiology readingsursing staff entries with the
corresponding time flags for patients admittedrie of the participated ICUs. Selection
of disease diagnoses was done through a menuarétiisgdiagnoses strings that are
linked to the International Classification of Disea 9th ed. (ICD-9) codes in the eRl
repository. Patient’s health status is measuretgusie acute physiology and chronic
health evaluation score version IV (APACHE-IV sgowll patient information that is
deemed to be protected health information wasnmadtided in the database. Therefore,
each patient stay is represented by a unique tayitneimber, and time is indexed from

admission time in minutes rather than calendar.time

Inclusion and exclusion criteria:
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Intensive care units patients with at least onefastor for stress ulcer between
January T 2008 and June 82012 were included in the study. These includieptt
with at least one of the following conditions: manical ventilation > 24 hours ,
coagulopathy, head injuries, major burns, sepsigicosteroid therapy > 250 mg of
hydrocortisone or equivalent daily, acute rendufai, hepatic failure, transplantation,
neurological injuries, hypotension, surgery or tnay or ICU length of stay (LOS) > 1

week. Table 5.1 contains the criteria by which ¢hesk factors were identified.

Table 5. 1: Proposed criteria for identifying patents at risk of stress ulcer gastrointestinal bleadg

Risk factors of Selection method Comments
gastrointestinal bleeding
due to stress ulcer

Mechanical Ventilation > Ventilation data
24 hrs. Continuous invasive ventilation duration in miesit  file
Hematology or

Any of the followings during an ICU stay: laboratory results
Coagulopathy Platelets 50,000 per/miI3; an INR > 1.5, a PT &0 files

ICD-9 code:

800.0-801.9

803.0-804.9

850.0-854.1

950.1-950.3 Active diagnosis
Traumatic Brain Injuries  959.01 file

ICD-9 code: Active diagnosis
Major Burns 940.*-949.* file

ICD-9 code: Active diagnosis
Sepsis 038, 040.82, 599.0, 996.64, 998.5, 999.3 file

Corticosteroid Therapy >
250 mg of hydrocortisone

or equivalent daily Medications file
Acute Renal ICD-9 code: Active diagnosis

Failure 584.* file

ICD-9 code: Active diagnosis
Hepatic Failure 570.* file

The APACHE

Using admission diagnosis string “operative admission
Transplantation transplant” diagnosis file

ICU length of stay variable that is available ie taw  APACHE Patient
ICU stay of > 1 week data files Results file
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Table 5.1, Continued

Risk factors of Selection method Comments
gastrointestinal bleeding
due to stress ulcer
Using admission diagnosis string “spinal trauma”,
“spinal cord decompression”, “Spinal cord only
trauma”, “Spinal cord surgery, other”,
“Spinal/extremity trauma”, “Spinal/face trauma”,
“Abdomen/spinal trauma”
Or ICD-9Code:
Coma:780.01, 780.03, 850.3, 850.4, The APACHE
Embolic stroke:433, 434; admission

Neurological
Injuries/Spinal Injuries

Encephalitis: 348.1, 348.4, 348.5
Hemorrhage: 430, 431, 432, 997.02, 997.09
Spinal cord injury:806, 952

diagnosis file and
active diagnosis
file

Patients were excluded if any of the followingsséad: ICU length of stay less than

48 hours, gastrointestinal bleeding within thet#8 hours of admission or, the receipt of

PPIs or H2Bs for less than three days to allow ghaxposure time and establish

temporality between exposure and CIGIB. In additjwatients with no risk factors for

CIGIB, patients who received of PPIs and H2Bs camtantly or consecutively, or those

who had missing platelet counts, source of admssideaching hospital status were

excluded. Figure 5.1 contains the selection catéor each of the aforementioned

conditions.
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Figure 5.1: Selection Criteria for the Cohort Usedn Studying CIGIB

Total no of patients =572,519

-338940
ICU length of stay less than 48
hours or GIB within 48 hout

Total no of patients=233,579

-42,089
Not at risk of GIB

Total no of patients =191,490,

-19,857
Total no of patients =171,633 Combination or switchers of PPIg
and H2B:
-95,441
Less than three days use of PHIs
Total no of patients76,175 or H2Bs
-874
Missing platelets count
-17
Cohort used in studying CIGIB Missing Admission source
-5208
Total no of patients =70,093 Missing Teaching Hospital
No of patient-day=356,147

Measures

Dependent variable:

The main dependent variable in this study was CIGHe discriminating diagnostic
tool for stress ulcer-related bleeding is gastnidascopy which may not be done

frequently in the ICU. In addition, while bleedidge to many other Gl diseases has
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specific international classification of diseas@#imrevision (ICD-9) codes, GIB due to
stress ulcer does not have a specific ICD-9 coleréfore, clinically important bleeding
due to stress ulcer was defined by excluding athases of bleeding and restricting on
bleeding episodes that lead to hemodynamic chagesequently, GIB episodes were
defined through ICD-9 code 578.** that encompadsamiatemesis, blood in stool and
unspecified bleeding. Only one entry with the afioeationed ICD-9 code was required
to define a bleeding episode. This step was seagii capture all cases of GIB related to
stress ulcer, however, not specific enough to @ehther types of GIB that also did not
have a specific ICD-9 code. Therefore, diagnosiegd from the diagnoses file were
used to exclude bleedings due to other causesexamnple, a patient may have an ICD-9
code of 578.** but the corresponding diagnosiqgtivas “postpartum hemorrhage” or
“due to malignancy”; such bleedings were excludagpendix Il table 1 contains the
types of bleeding that were included or excluddahi€ally important bleeding episodes
were defined as any episode of GIB with at least@irthe following criteria occurring

24 hours before or after the bleeding: 1) an albsgkduction in systolic blood pressure
by at least 20 mmHg; 2) an absolute reduction astailic blood pressure by at least 10
mmHg; 3) a heart rate increase by at least 20 foeiats4) The receipt of blood
transfusion. Lastly, any bleeding episode occumetie first 72 hours of admission was
excluded to establish temporality between the exygoand the outcome and allow

enough opportunity time for the medications to exeir prophylactic effects.

Independent variables:

The main independent variable was the receipt ¢ RIP three days versus the

receipt of H2Bs for three days. The name, timedohiaistration and the hierarchical
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ingredient code list (HIC) sequence numb#f for these therapeutic classes were
recorded in the medication data file. Both the HE&lquence number and medications
name were used to pull out all entries of PPIs pramole, esomeprazole, lansoprazole,
dexlansoprazole, rabeprazole and pantoprazole2BskLtimetidine, ranitidine,
famotidine and nizatidine, during an ICU stay. Apg | Table 2 shows the HICL
sequence numbers as well as medications brandeareig names used in identifying
the two classes and other medications includeddrstudy. Lastly, although the onset of
action of many PPIs and H2Bs is within 1 to 3 hothie peak effect of H2Bs and PPIs
requires 12 to 24 hours in order to take placeeaetsvely. Therefore, a 24-hours lag
period between the exposure and the occurrencéGiBGvas needed to establish

temporality.

The following covariates were included: demograsgliage, gender and race);
clinical variables (mechanical ventilation > 24 .hrsoagulopathy, head injuries, major
burns, sepsis, corticosteroids therapy > 250 ngydfocortisone or equivalent daily,
acute renal failure, hepatic failure, transplantatneurological injuries, hypotension,
surgery or trauma, or ICU LOS > 1 week, cancer, &mmmunodeficiency virus,
cirrhosis, the receipt of enteral nutrition andilmdtion in the first day); medications that
affect the risk of bleeding including antiplateleasticoagulants, thrombolytics, non-
steroidal anti-inflammatory drugs, sucralfate anthaids; admission source, physician
specialty and type of hospital (teaching vs. nacieng). In addition, health severity was

measured by the Acute Physiology and Chronic Hdalduation (APACHE 1V)

2 A proprietary of First DataBank (www.fdbhealth.com
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software as a sublicense from Cerner, Inc., (Ka@stgs MO). The study was exempted

from Institutional Review Board review (HP-000559&% University of Maryland.

Statistical Analysis:
Univariable and bivariable analyses were done serige the distribution of the

variables and compare the two groups i.e. patishtsreceived PPIs for three days
compared to patients who received H2Bs for thrgs.daichotomous variables were
reported in counts and percentages while continuatiables were reported in means
and standard deviations. Bivariable analyses wene using chi-squared tests for

categorical variables and t-test for continuousaides.

The main issues in this analysis were the possilafilate exposure after ICU
admission; avoiding reverse causality by keepirgdsired lag time between the
exposure and CIGIB; and reducing the unbalanceddllison of covariates between the
PPIs group and the H2Bs group resulting from tleeabe of randomization. We used
three distinct approaches that separately invdstigdese issues in analyzing the data.
First, we used Cox-proportional hazard model wiftigtte time intervals. The ease of
using discrete time intervals allowed not only anowodating late exposure after ICU
admission but also keeping a 24-hour lag time betviee exposure and outcome to
avoid any reverse causality (Figure 5.3). Therefangerson-day data file was created to

allow for multiple observations per patient basadtte exposure status.
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Figure 5.2: The definition of three day use as a ¢tged variable

Flag for three-
PPIs Group PPIs PPIs PPIs day use and |
H2Bs Group Hogs H2Bs | H2Bs CIGIB |
ascertainme
Day 1 Day 2 Day 3 Day 4

PPIs: Proton Pump Inhibitors; H2Bs: Histamine TypReceptor Blockers; CIGIB:
Clinically Important Gastrointestinal Bleedil

Second, since treatment allocation was not randenit was determined by patient,

physician and facility characteristics; propensitpre matching was used to account for

the observable covariates that can explain treatsedection. Third, instrumental

variable (IV) analysis was used as to reduce ths &ssociated with confounding by

indication a.k.a. treatment selection bias assediaiith both measured and unmeasured

covariates and arising from.

Propensity Score Matching:

From the patient-day file created for previous geeé, a patient level file was created

for this analysis. In a multivariable logistic regsion model, the propensity scores of

receiving three days of PPIs vs three days of H2&s determined using age, gender,

race, ICU type, enteral nutrition, cancer, HIVyleosis, neutropenia, platelet count,

immunosuppression, risk factors of stress ulceruge of sucralfate, antacids,

anticoagulants, antiplatelets, thrombolytics or NI3$y admission source, physician

specialty and APACHE-IV score in the three daysmpio exposure as independent

variables. Model fit was assessed using C-statBgarson’sx? and Hosmer-Lemeshow
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goodness of fit tests. Next, we preformed one ®matching with no replacement and a
caliper of 0.00001 to create the matched groupa@ates balance before and after
matching was checked using t-test, accounting faching design, and the standardized
mean difference approach(Appendix II). If the P-value of the t-test wassethan 0.05
and the standardized mean difference was lesslf®fnthen the covariate was
considered imbalanced between the two groups hatkfore, was included in the final
model. Lastly, we estimated the effect of the expe®n the instantaneous risk of CIGIB

within the matched group using simple Cox propoiichazard model.
Instrumental Variable Analysis:

The instrumental variable approach utilizes antfimaent’ to mimic the random
group assignment process that is characteristig BICT. The IV approach facilitates
comparisons between intervention and control grébg@isare otherwise comparable by
using an instrument to determine group assignméhtwa nonrandomized design. A
valid IV has two characteristics: first, it must $teongly correlated with exposure;
second, the IV should not be correlated with tmergerm of the structural equation i.e.
should not be correlated with the unobserved viasathhat influence the outcome in the
error term. When a great proportion of patientaniCU receive PPIs, it is most likely
that prescribing decision is dependent on the pecf that ICU rather than patients’
characteristics. Consequently, the preferred tlerapclass for the ICU can be used as
an instrument for determining who receives eithelshor H2Bs. Specifically, each ICU
can be classified either as a PPIs ICU or a H2R& MJe classified ICUs that prescribed
PPIs to 90% of their patients as PPIs units. THis lexpected to be strongly correlated
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with the exposure i.e. the receipt of PPIs fore¢htays. Of course, the assumption here
that being in an ICU that prescribed PPIs to 90%atients is independent of CIGIB,

except through the exposure, or any unmeasureor$atttat may influence CIGIB.

Instrumental variable analysis was carried outio $tages: first, in a multivariable
logistic regression model, we predicted the odd®oéiving three days of PPIs vs. three
days of H2Bs using the aforementioned IV and ttievieng exogenous variables:
demographics (gender, race, age), stress ulcefagsrs, enteral nutrition, cancer,
HIV/AIDS, immunosuppression, type of ICU, physicispecialty and the teaching status
of the hospital. Second, we estimated the effetdt@®exposure on the instantaneous risk
of CIGIB using multivariable regression using Caxyportional hazard model adjusting
for stress ulcer risk factors, enteral nutritioancer, HIV/AIDS, immunosuppression,
physician specialty, admission source, APACHE-I¥rscand platelets count. The two-
stage least square (2SLS) method was used to adqudrtial F-statistics which
determines whether or not the 1V has any signifieaidition to the model of the first
stage. As a rule of thumb, if the F-test is gretditan 10 then it is strongly correlated with
the exposuré® Although the 2SLS method should only be used viherexposure is a
continuous variable, the partial F-statistic giibvides a valid estimation for the strength

of the correlation between the exposure and the IV.

Because of the binary nature of CIGIB, the twagstresidual inclusion method
(2SRI) was the appropriate procedure for incorpogahe information from the first
stage into the second regressidnThis was done by simply adding the residuals from
the first stage as an additional covariate in #eoad stage. Hypothetically, the residuals
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should contain the unmeasured factor(s) that infted treatment selection. Thus, by
including the residuals from the first stage thashintroduced by the non-random
treatment selection was solved. Among the diffevemys to calculate the residuals after
running the first stage multivariable logistic reggion, standardized Pearson’s residuals
with covariates patterns adjustment were useddouwatt for the similar covariate pattern
within a patient’s observations and between patieiiservations . The results of the

two stages and the IV diagnostics are availabsppendix I1.
Sensitivity analyses:

Multiple sensitivity analyses were done to detesertime robustness of the results.
First, duration of use was reduced to two daysxpbeure to determine if shorter
duration has the same effect on CIGIB and to compia findings to studies that used
two days of exposure. In this case, the cohortexgsnded by including CIGIB cases

that occurred on the third day.

Second, the current definition of exposure death amy patient who was exposed to
one of the two groups for three days as an exppatent throughout the ICU stay even
if the drug was discontinued later. Therefore,dhalysis was confined to patients who
did not discontinue treatment or discontinued treait no more than two days before

discharge to avoid overestimation of the HR.

Third, the cohort was divided into deciles based@ud LOS. The upper decile of
patients, i.e. patients with the longest ICU LO&swexcluded as these patients may not

represent the whole cohort.
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Fourth, since having occult bleeding for six dews a risk factor that was not
captured in the study, the analysis was confingeht@nts who stayed in the ICU for less
than 6 days, i.e. who could not develop the aforgioeed risk factor, to determine

whether or not the magnitude and the directiohefR will change.

Fifth, since MacLaren’s study reported higher risk of bleeding with PPIs, poBisP
thrombocytopenia was tested as a possible exptemitine study’s results were similar
to Maclaren’s studyMultiple case reports suggested that PPIs ledrtorthocytopenia in
patients who did not have a history of thrombocgtig "®*®* Histamine type-2
receptors blockers have been also linked to thraytbpenia® *®3 Consequently,
adjusting for post-treatment thrombocytopenia mibgression model should at least
reduce the HR if it was indeed a mediator in thati@enship of PPIs and CIGIB.

Thrombocytopenia was defined as any platelet cdests150,000uL.

Lastly, history of gastric ulcer or bleeding ha&eb identified as risk factor for stress
ulcer®. Unfortunately, this variable was not availabletir data. Such factor could
indeed act as an unmeasured confounder and aksdelo#or in treatment selection since
patients with these two conditions are more likelype on PPIs than H2Bs because of
both the former’s higher efficacy and the latteégshyphylaxis. Since, the validity of
PSM and IVs depend on satisfying their assumptaosthe possibility that this
unmeasured confounder affected the results of tleséechniques, a third approach was
used to assess the sensitivity of the resultset.ai*®proposed a method for assessing
the sensitivity of regression results by usingdhisting model that lacks the unmeasured
confounder, i.e. history of Gl ulceration or blagglito estimate the true effect. This is
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done by adjusting the observed estimate by theapgaee of the unmeasured confounder
in the PPIs group and the H2Bs group and the effieitte unmeasured confounder on

CIGIB based on the following equation:

HR = HR*
A
Where 4 = 2ht0-P)

RoPy+(1-Py)

HR and HR* are the true hazard ratio and the exgdtiazard ratio, respectively; R
and R are the hazard ratios for the effect of the unmeasoonfounder among the PPIs
group and the H2Bs group, respectively; apamd B are the prevalence of the
unmeasured confounder among the PPIs group ard2Bs group, respectively. Since
there was no clear answer about the effect of lyistbGl ulceration or bleeding on
CIGIB, HRs of 2 and 3 were chosen as most of strkess risk factors estimates were
between these two numbére® Regarding the prevalence of this unmeasured
confounder among the two treatment groups, it veaed between 0.1 to 1 among the
PPIs group and 0.1 to 0.5 among the H2Bs groupil&@ly The 95% confidence interval

was constructed using the aforementioned appt8ach

All analyses accounted for the clustering effedthaf ICU using robust variance
estimator. Data building was done using SAS 9.333#c., Cary, NC, USA) while Stata

11 was used for data analyses (StataCorp LP, Gofégftion, Texas, USA).

Results:;
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A total of 70,093 patients were included in thisdst Approximately, 70% of the
patients have received PPIs for three days. AIM6% of the sample was Caucasian and
54% was male. Around 47% of the patients were dadchtb mixed ICU followed by
coronary care ICU (18%). The most common stressr wisk factors were mechanical
ventilation (60%), ICU LOS more than 7 days (38%éhal failure (29%), hypotension
(26.7%), coagulopathy (26.4%) and surgery or tra(28al%). There were 424 cases of
CIGIB that occurred at least after three days & KZimission. More than 50% of
patients have received anticoagulants, antiplatel&ISAIDs during their ICU stay.
Furthermore, approximately half of the patientsenadmitted from emergency room
(Table 5.2). Patients’ characteristics using p&ttkrys observations were very similar to

the aforementioned results. (Appendix Il, Table 2)
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Table 5. 2: Characteristics of patients who receivkeither proton pump inhibitors or histamine type-

2 receptor blockers for at least three days duringheir intensive care unit stay.

Characteristics Univariable
Analysis
N= 70,093
Freq. Col %
Outcome Clinically Important Gastrointestinal Bleeding 424 0.6
Exposure Three Days of Proton Pump Inhibitors Use 49,576 70.7
Three Days of Histamine-2 Receptors Blockers 20,517 29.3
Use
Gender Male 37,518 53.5
Age 18 To 60 27,153 38.7
61 To 70 15,932 22.7
71 To 80 15,446 22.0
>81 11,562 16.5
Race Caucasian 53,223 75.9
African American 7,982 11.4
Hispanic 2,047 2.9
Native American 517 0.7
Asian 864 1.2
Others 5,460 7.8
ICU Type Mixed 33,098 47.2
Cardiovascular-Surgical 6,024 8.6
Coronary Care 13,046 18.6
Trauma 320 0.5
Surgical 5,874 8.4
Medical 6,804 9.7
Neuroscience 4,927 7.0
Nutrition No Feeding 26,313 37.5
Enteral Nutrition 39,034 55.7
Parenteral Nutrition 722 1.0
Both Enteral Nutrition and Parenteral Nutrition 4,024 5.7
Cancer 5,502 7.8
HIV/AIDS 167 0.2
Cirrhosis 817 1.2
Immunosuppression 2,389 3.4
Intubated in the 36,499 52.1
First Day
Risk Factors Coagulopathy 18,528 26.4
Mechanical Ventilation > 24 Hours 42,354 604
Traumatic Brain Injury 3,326 4.7
Hepatic Failure 590 0.8
Hydrocortisone> 250 Mg / Day or Equivalent 2,670 3.8
Transplantation 156 0.2
Acute Myocardial Infarction 2,244 3.2
Sepsis 18,236 26.0
Neurological Injuries 10,495 15.0
Surgical And Multiple Trauma 16,184 23.1
Hypotension 18,749 26.7
Acute Renal Failure 20,339 29.0
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Table 5.2, Continued

Characteristics Univariable
Analysis
N= 70,093
Freq. Col %
Burns> 30% BSA 20 0.0
ICU LOS > 7 Days 26,607 38.0
Medication Sucralfate 1,704 2.4
Antacids 23,984 34.2
Anticoagulants 39,514 56.4
Antiplatelets 43,257 61.7
Thrombolytics 5,632 8.0
NSAIDs 36,829 52.5
Admission Source Chest Pain Center 270 0.4
Direct Admission 6,184 8.8
Emergency Room 35,352 50.4
Floor 11,242 16.0
Operating Room 11,587 16.5
Other (Other Hospital or ICU, Recovery Room, 5,458 7.8
Step-Down Unit)
Year of Admission 2008 11,291 16.1
2009 15,378 21.9
2010 17,278 24.7
2011 17,645 25.2
2012 8,501 12.1
Physician Specialty Internal medicine 12,015 171
Pulmonary 12,195 17.4
Hospitalist 6,547 9.3
Cardiology 5,072 7.2
Surgery-general 4,718 6.7
Critical care medicine 5,184 7.4
Family practice 4,097 5.8
Surgery-cardiac 3,412 4.9
Others 16,853 24.0
Teaching Hospital 21,193 30.2
APACHE Score IV 68 26.9
Platelet Counts 156 83.7

ICU: Intensive Care Unit; HIV: Human ImmunodeficanVirus; AIDS: Acquired
Immunodeficiency Syndrome; APACHE score IV: AcuteyBiology and Chronic Health Evaluation
Score version 1V; NSAIDs: Non-Steroidal Anti-inflamatory Drugs.; BSA: Body Surface Area;
LOS: Length of Stay.

The patients contributed a total of 356,147 patdats of observations. The average
LOS was 9.9 days while the median was 7 days. itidence rate of CIGIB in this
cohort was 1.2 case/1000 patient-days (95%CI: 1.88). The incidence rate of CIGIB

was almost doubled among patients who received PRlsase per 1000 patient-days
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(95%CI: 1.26-1.55) compared to H2Bs 0.64 case p@0 patient-days (95%CI: 0.50-

0.82).

The bivariable analyses using patient-day data sddafat the risk of CIGIB was higher
among patients who received PPIs for three daygaced to H2Bs for three days
(HR:2.19, 95%CI: 1.68-2.86). However, in the biabie analyses, the two groups were
statistically different in demographics, stresseuliask factors, ICU type, medications
received, admission source and the specialty chdmaitting physician. In addition, the
APACHE-IV score in the PPIs group was slightly hegli72; SD: 27.6) compared to

H2Bs group (68; SD: 27.5) (Appendix II, Table 3 a)d

The Cox proportional hazard multivariable regressimdel (Table 5.3) revealed that the
risk of CIGIB was almost doubled among the PPIsigroompared to the H2Bs group
after adjusting for potential confounders (HR:1.93%CI:1.48-2.63). Other factors that
were associated with higher risk of CIGIB includaethle gender (HR: 1.27, 95%CI:
1.04-1.54); acute renal failure; (HR: 1.59, 95%IC28-1.97); the receipt of sucralfate
(HR: 3.247, 95%CI: 2.18-4.85); the receipt of alatiplets (HR: 1.35, 95%CI: 1.01-1.79)
and the admission to ICU during 2009 or 2010. Gnabntrary, having a surgery or
trauma was associated with lower risk of CIGIB (HR&6, 95%CI: 0.25-0.84).
Interestingly, none of the other stress ulcer fasitors were positively or negatively

associated with CIGIB (Table 5.3)

95



Table 5. 3: Survival Analysis Using Cox-ProportionaHazard Multivariable Regression Model for
the Effect of Three-Day PPIs Use Compared to ThreBay H2Bs Use on the Risk of Clinically
Important Gastrointestinal Bleeding among ICU Patients.

Characteristics HR 95%ClI
Exposure Three-day use of PPIs vs. Three-da: 1.969*** [1.475,2.628]
use of H2Bs
Gender Female Reference
Male 1.266* [1.042,1.539]
Age 18 To 60 Reference
61 To 70 1.118 [0.865,1.446]
71To 80 1.098 [0.839,1.437]
>81 1.16 [0.851,1.582]
Race Caucasian Reference
African American 1.044 [0.770,1.416]
Hispanic 1.575 [0.798,3.109]
Native American 0.745 [0.383,1.451]
Asian 1.052 [0.377,2.932]
Others 1.077 [0.735,1.577]
ICU Type Medical Reference
Cardiovascular-Surgical 0.744 [0.0992,5.585]
Coronary Care 0.858 [0.510,1.444]
Trauma 1.304 [0.905,1.881]
Surgical 0.962 [0.576,1.609]
Mixed 1.263 [0.906,1.761]
Neuroscience 0.904 [0.501,1.630]
Nutrition No Feeding Reference
Enteral Nutrition 1.171 [0.931,1.472]
Parenteral Nutrition 1.028 [0.715,1.478]
Cancer 1.288 [0.929,1.786]
HIV 1.004 [0.237,4.257]
Cirrhosis 1.382 [0.770,2.480]
Immunosuppression 0.852 [0.511,1.422]
Intubated in the First Day 0.804 [0.619,1.045]
Risk Factors Coagulopathy 1.19 [0.949,1.491]
Mechanical Ventilation > 24 Hours 0.79 [0.612,1.020]
Traumatic Brain Injury 0.638 [0.280,1.455]
Hepatic Failure 1.255 [0.707,2.229]
Hydrocortisone> 250 Mg / Day or 1.098 [0.710,1.698]
Equivalent
Acute Myocardial Infarction 1.372 [0.743,2.532]
Sepsis 1.03 [0.810,1.310]
Neurological Injuries 0.947 [0.676,1.327]
Surgical And Multiple Trauma 0.459* [0.251,0.841]
Hypotension 1.199 [0.939,1.531]
Acute Renal Failure 1.587*** [1.278,1.970]
Medication Sucralfate 3.247%** [2.176,4.847]
Antacids 0.93 [0.755,1.146]
Anticoagulants 0.84 [0.642,1.100]
Antiplatelets 1.348* [1.013,1.793]
Thrombolytics 0.855 [0.604,1.210]
NSAIDs 0.972 [0.795,1.188]
Admission Source Direct Admission Reference
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Table 5.3, Continued

Characteristics HR 95%Cl
Chest Pain Center 0.862 [0.116,6.410]
Emergency Room 1.311 [0.898,1.913]
Floor 1.258 [0.829,1.909]
Operating Room 2.013 [0.959,4.224]
Other (Other Hospital or ICU, 1.074 [0.653,1.767]
Recovery Room, Step-Down Unit)

Year of Admission 2008 Reference
2009 1.417* [1.018,1.972]
2010 1.483* [1.067,2.062]
2011 1.311 [0.941,1.826]
2012 1.202 [0.802,1.799]

Physician Specialty Internal medicine Reference
Pulmonary 1.155 [0.852,1.567]
Hospitalist 1.062 [0.717,1.572]
Cardiology 0.774 [0.458,1.307]
Surgery-general 0.719 [0.381,1.357]
Critical care medicine 1.398 [0.945,2.067]
Family practice 1.276 [0.829,1.964]
Surgery-cardiac 0.823 [0.425,1.595]
Others 1.048 [0.756,1.452]

Teaching Hospital 1.155 [0.915,1.458]

Continuous Variables APACHE Score IV 1.004 [0.999,1.008]
Platelet Counts 0.998*** [0.997,0.999]

Observations (Patient-day) 356147

PPIs: Proton Pump Inhibitors; H2Bs: Histamine Typeceptor Blockers; ICU: Intensive Care Unit; HIV:
Human Immunodeficiency Virus; AIDS: Acquired Immadeficiency Syndrome; APACHE score IV:
Acute Physiology and Chronic Health Evaluation 8oggrsion IV; NSAIDs: Non-Steroidal Anti-
inflammatory Drugs.; BSA: Body Surface Area; LO®ngth of Stay.

In sensitivity analyses, using the survival anaysith discrete time intervals framework,
the use of PPIs for at least two days was assadovete higher risk of bleeding compared
to H2Bs use for two days adjusting for all potdnt@anfounders (HR: 2.10, 95%CI:1.65-
2.67). Moreover, PPIs were associated with higis&raf CIGIB compared to H2Bs

(HR: 1.81, 95%CI: 1.35-2.43) when the analysis e@¥ined to patients who did not
discontinue treatment or discontinued treatmenh&more than two days before
discharge which constituted 84% of the original geemFurthermore, when patients with
the longest ICU length of stay were excluded, thzalnd ratio remained in favor of H2Bs

over PPIs (HR: 1.90, 95%CI: 1.4-2.6) (Table 5.8sfihg Post-PPIs thrombocytopenia
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as a possible mediator for the increased risk &fIBIrevealed no significant difference
in the HR between the model that excluded postftreat thrombocytopenia (HR: 1.97,

95%CI: 1.48-2.63) and the model that included R(H.95 , 95%CI: 1.44-2.65).

With regards to the propensity score matching mamlelof the 70,093 patients, only
23,176 patients were one to one matched resuhiig j588 patients in each group
(Appendix Il Figure 3). The C statistic for the pemsity score model was 0.73 indicating
an acceptable level of predicting the receipt asRI®mpared to the receipt of H2Bs. The
model passed the Pearson’t¥st indicating good fit as the P-value was inigent (P-
value=0.3781) but failed the Hosmer-Lemeshow tetha P-value was less than 0.0001.
The groups were matched on all the included cotesia the propensity score model.
The maximum percentage of standardized bias wawithsa mean of 0.8 and a median
of 0.7. In addition, no P-value of t-test fell b&l©.05 indicating very well matched
groups (Appendix Il, Table 7). The risk of CIGIB svaignificantly higher among the

PPIs group compared to the H2Bs group (HR: 1.8%2®b 1.19-2.78).

Regarding the IV analysis, the partial F-statisidjusted for the clustering effect of the
unit, was 53.54 indicating a strong correlationnetn the IV and the receipt of PPIs for
three days. This strong association correspondad ajusted OR of 13.44 (95%CI:
10.92-16.54) in the first stage multivariable |digisegression model (Appendix Il, Table
5). Pearson’s residuals were negatively associaitbdrisk of CIGIB with a HR of 0.96
and a 95%CI (0.928-0.983). Using the 2SRI meth®&lds Were associated with higher

risk of CIGIB (HR: 2.37, 95%CI: 1.61-3.5) compatedH2Bs. Table 5.4 and figure 5.3
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summarize the association between PPIs, H2Bs aBtBGlsing the aforementioned

methods.
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Figure 5.3: The Risk of Clinically Important Gastrointestinal Bleeding between Patients who
Received Proton Pump Inhibitors compared to Patierst who received Histamine Type-2 Receptor
Blockers Using Different Analytical Methods.
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Table 5.4: Summary of analyses for studying the Risof Clinically Important Gastrointestinal
Bleeding between Patients who Received Proton Punhphibitors compared to Patients who received
Histamine Type-2 Receptor Blockers.

Analysis Rationale Results

Two-day use of PPls compared To whether or not shorter (HR: 2.10, 95%CI: 1.65-2.67).
Two-day use of H2Bs duration has the same effect on

n=477,350 patient-day the risk of CIGIB

To compare the results to the a
study that compared two-day us
of PPIs to two-day use of H2Bs
and found PPIs to be associatec
with higher risk of
gastrointestinal bleeding.
Limiting cohort to patients who The main model consider any  (HR: 1.81, 95%CI: 1.35-2.43)
did not discontinue treatment or patient who received the
discontinued treatment no more medications of interest for three
than two days before discharge days as exposed regardless
(84% of the original sample) whether or not the medications
n=298,308 patient-day were discounted later. This may
lead to estimate overestimation.
Therefore, the analysis was
confined to patients who
continued using medications until
discharge or discontinued them
no more than two days before

discharge.
Removed long stayers by Observations with extreme lengt (HR: 1.90 , 95%Cl: 1.4-2.6)
removing patients in the upper of stay may have skewed the
decile of ICU length of stay. results

n=287,269 patient-day
Confined analysis to patients whoSince we could not capture one ofHR: 1.5, 95%CI: 0.94-2.52)
stayed less than 6 days in the ICU$tress ulcer risk factors which
n=114,274 patient-day was having occult bleeding for 6
days, we confined the analysis on
patients who cannot have this risk
factor since they stayed for less
than 6 days in the ICU.
Testing the hypothesis of PPIs- The unexpected result of higher Modell: Adjusted for baseline

induced thrombocytopenia. risk of bleeding among the PPIs thrombocytopenia , baseline
n=356,147 patient-day group compared to H2Bs could coagulopathy and other
be due to PPIs induced covariates

thrombocytopenia which has
been reported in few case report (HR: 1.97 , 95%CI: 1.48-2.63)
If this is the case then post
treatment thrombocytopenia Model2: Adjusted for baseline
should be a mediator that if thrombocytopenia , baseline
adjusted for will be significantly coagulopathy, post-treatment
reduced the observed hazard ra thrombocytopenia and other
covariates
(HR: 1.95 , 95%CI: 1.44-2.65)
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Table 5.4, Continued

Analysis Rationale Results

Propensity Score one to one To control for possible (HR: 1.82, 95%CIl: 1.19-2.78)
Matching with no replacement  observable treatment selection

n=23,176 patients bias

Two Stage Residual Inclusion
n= 356,147 patient-day

Two Stage Residual Inclusion
while confining the analysis to
ICUs that have at least 100
patients during the year.
n=233,408 patient-day

To control for possible treatmeni (HR: 2.37, 95%Cl: 1.61-3.5)
selection bias

To control for possible treatment (HR: 2.52, 95%CI: 1.6-4.01)
selection bias and validate the

classification of an ICU as a PPI

unit or not.

PPIs: Proton Pump Inhibitors; H2Bs: Histamine Typeeceptor Blockers; ICU: Intensive Care Unit; HR:

Hazard Ratio
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Table 5.5: Hazard ratio and 95% Confidence Intervas for the effect of Three-day use of PPIs
compared to Three-day use of H2Bs adjusting for annmeasured dichotomous confounder with a
hazard ratio of 3.

Po
P, 0.0 0.1 0.2 0.3 0.4 0.5
0.0 1.97
(1.48,2.63)
0.1 1.64 1.97
(1.23,2.19) (1.48,2.63)
0.2 1.41 1.69 1.97
(1.06,1.88) (1.27,2.25) (1.48,2.63)
0.3 1.23 1.48 1.72 1.97
(0.93,1.64) (1.11,1.97) (1.3,2.3) (1.48,2.63)
0.4 1.09 1.31 1.53 1.75 1.97
(0.82,1.46) (0.99,1.75) (1.15,2.05) (1.32,2.34) (1.48,2.63)
05 0.99 1.18 1.38 1.58 1.77 1.97
(0.74,1.32) (0.89,1.58) (1.04,1.84) (1.18,2.1) (1.33,2.37) (1.48,2.63)
0.6 0.90 1.07 1.25 1.43 1.61 1.79
(0.67,1.2) (0.81,1.43) (0.94,1.67) (1.08,1.91) (1.21,2.15) (1.35,2.39)
0.7 0.82 0.99 1.15 1.31 1.48 1.64
(0.62,1.1) (0.74,1.32) (0.86,1.53) (0.99,1.75) (1.11,1.97) (1.23,2.19)
0.8 0.76 0.91 1.06 1.21 1.36 1.52
(0.57,1.01) (0.68,1.21) (0.8,1.42) (0.91,1.62) (1.02,1.82) (1.14,2.02)
0.9 0.70 0.84 0.99 1.13 1.27 1.41
(0.53,0.94) (0.63,1.13) (0.74,1.32) (0.85,1.5) (0.95,1.69) (1.06,1.88)
1.0 0.66 0.79 0.92 1.05 1.18 1.31
(0.53,0.94) (0.59,1.05) (0.69,1.23) (0.79,1.4) (0.89,1.58) (0.99,1.75)

P, and R are the prevalence of the unmeasured confoundkeili2Bs group and the PPIs group,

respectively; PPIs: Proton Pump Inhibitors; H2B&stémine Type-2 Receptors Blockers

Red color: higher risk of CIGIB with PPIs; GreedaroNo difference between PPls and H2Bs; Blue:
lower risk of CIGIB with PPIs.

Lastly, the regression results sensitivity asseassngsing Lin’s proposed approach

suggested that PPIs may be associated with a leskeof gastrointestinal bleeding (HR:

0.7, 95%CI: 0.52-0.94) compared to H2Bs if histofysI ulceration or bleeding was

associated with higher risk of CIGIB with a HR o&8d only if the prevalence of this

unmeasured confounder was 90% or 100% in the RBIgp@nd no patients in the H2Bs

group has this unmeasured confounder (Table 5.5).

Discussion:
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In this retrospective cohort study that include¢dD®3 patients who have received
either PPIs or H2Bs for at least three days, thelence rate of CIGIB was 1.2 cases/
1000 person-day which is interpreted as 1.2 CIGBI®00 patients per day or asl.2
CIGIB cases every 1000 day. The incidence ratemna@® than double among the PPIs
group (1.4 cases/ 1000 person-day) compared td2Bs group (0.64 cases/ 1000
person-day). However, despite the latter result, @an conclude that in current practice
stress ulcer related CIGIB is a rare outcome. Seshlt is multifactorial and includes not
only the use of stress ulcer prophylaxis but atb@oimprovements in current practice
such as adequate hydration and blood reperfusiachwbduce ischemic damage to
gastric tissues, better sepsis management, eadyaénutrition and better ICU

monitoring systent§18¢-188

Because the inclusion criteria required both tli@gs of exposure and a 24 hour lag
between the exposure and CIGIB the minimum LOS4vdays therefore, this cohort
consisted mainly of long stayers which made bo#raye and median LOS greater than

what is reported in the literatdfe

In this cohort, all well-known stress ulcer risktiars were not associated with CIGIB
except acute renal failure (HR=1.59, 95%CI: 1.287)1and having surgery or trauma
(HR: 0.46, 95%CI: 0.25-0.84). The lack of assoomtetween other risk factors and
CIGIB is most likely because patients in this cali@ve received one of the strongest
therapeutic classes used as SUP which, consequeattiyced the likelihood of CIGIB.
Although, acute renal failure has be previousiyntdeed as one of stress ulcer risk
factor'®, the observed association between having surgerguma, acute renal failure,
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male gender and CIGIB should be interpreted witktioa since the study was not
designed to identify risk factors of CIGIB or thegmitude of their effects on CIGIB but
only to adjust the analysis by them. This is imaottas other covariates pertaining to
answering these questions may not have been irttindéis analysis. For instance, the
type of interventions, treatments or care typeatfgmts who had surgery or trauma may

be different than patients who did not which maydmthem less prone to CIGIB.

Our results suggested that the receipt of PPlatftgast three days was associated
with higher risk of CIGIB (HR: 1.97, 95%C1.48-2.63) compared to the receipt of H2Bs
for the same period. The result contradicts theifigs of the five meta-analyses that
compared PPIs use to H2Bs during the last decatide \fdur of these meta-

analyse§-"#747°

reported 60% to 70% reduction in the odds or ofsgastrointestinal
bleeding, one meta-analysis did not find any déffexe between the two grodpdn our
study, two days of exposure yielded similar restdtthree day exposure (HR: 2.10,
95%CI: 1.65-2.67). In February 2014, MacLaren etalnd that mechanically ventilated
patients who were on PPIs for two days had highdds @f Gl bleeding than patients on
H2Bs (OR: 2.24, 95%CL.81-2.76%. It is known that in case of a rare outcome, agh
CIGIB, both OR and HR are very similar to each offieThe results of the sensitivity
analyses in table 5.4 indicated very robust resultier different scenarios pertaining to
treatment continuation or when patients in the upleeile of ICU LOS were excluded.
Furthermore, even when the analysis was confingatients who stayed in the ICU for

less than 6 days the direction of the HR stayed#mee but with a wider confidence

interval than the original analysis indicating thesssibility of insufficient power.
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The results seen in our study and MacLaren’s étaale one of two explanations:
first, it could be true that PPIs were associaté higher risk of bleeding. MacLaren et
al suggested thabbth drug classes inhibit acid production, but &hsin-2 receptor
antagonists also limit reperfusion injury in animabdels, possibly reducing oxidative
stress after mucosal injury”. Additional studiesaimmals and humans on the
mechanisms of injury are needed to support thislosion. Another possible explanation
was PPls-induced thrombocytopenia. It is posshm because of the fear of H2Bs-
induced thrombocytopenia, physicians preferredésgribe PPIs to their patients, which
caused thrombocytopenia and led to GIB. Thus, semse, thrombocytopenia could be
considered as the mechanism between PPIs and CH&lBever, the adjustment for
post-treatment thrombocytopenia did not have aifsegnt impact on the HR (Table 5.4)

indicating that it was not a mediator in the asasten between PPIs and CIGIB.

The second possible explanation for the higherafsRIGIB seen with PPIs is
confounding by indication also known as treatmehcion bias resulted from non-
random treatment selection. Two different approacshere used to account for
confounding by indication: PSM and IV techniquetlBtechniques yielded similar
direction to the estimate from the main analysiBdating that PPIs were associated with
higher risk of CIGIB than H2Bs (Table 5.4) in alfsémple and in a propensity-score
matched sample. The overlapping confidence intenvaligure 5.3 indicate that the
magnitude of the HR did not differ by changing thethod of analysis, keeping in mind
that the extent of generalizability differed acrtdss methods of analysis. The validity of

PSM and IV methods is based on fulfilling theirwaaptions. For instance, the
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assumption of the PSM is that the propensity soarydel contains all variables that are
confounders or variable associated with the outcon "2 With regards to IV, in
addition to having a strong association between\trend the endogenous variable i.e.
the exposure to PPIs in this case, the IV shouldbaassociated with any variable in the
error term i.e. the IV should not be associatedth aity variable that can be confounder
between the exposure and CIGIB. In our study, hystd Gl ulceration or bleeding was
not accounted for due to unavailability of the abte in the data. This variable may
violate the assumptions of both PSM and IV leadnthe results seen in our study. For
instance, one can assume that history of ulceratiditeeding is associated more with
the receipt of PPIs compared to the receipt of HEBYs are known to elevate gastric pH
to six which is required for clot optimization astbilization in case of gastric
bleedind®**®! In addition, the tachyphylaxis seen with H2Bs emRPIs the preferred
agents in case of history of Gl ulceration or biegdBoth reasons make history of Gl
ulceration or bleeding associated with PPIs recammte than H2Bs. In this case, the PSM
model still missed and important variable which reaplain why the model did not pass
theHosmer-Lemeshow goodness of fit test. Thus, ibssple that the inability to
account for this variable in the PSM model drove BSM result$HR=1.82; 95%CI:
1.19-2.78) in the same direction as the HR of Gayxession{HR: 1.97.37, 95%CI: 1.48-

2.63)

Similarly, in the 1V analysis, if there was an asation between being in an ICU that
prescribed PPIs to at least 90% of the patientshastdry of Gl ulceration or bleeding

then the treatment effect estimated from the IMysms(HR: 2.37, 95%CI: 1.61-3.5)ill
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be more biased than that estimated from the re@darproportional hazard
modef*(HR: 1.97.37, 95%CI: 1.48-2.63)in’s approach provided a way to assess the
robustness of the results in case of assumptiatatian by evaluating the impact of the
unmeasured confounder(s) on the HR directly. Adogrtb the results in table 5.5, PPIs
were associated with lower risk of CIGIB comparedi2Bs only if 90% or more of the
PPIs group had history of Gl ulceration or bleedimg patients in the H2Bs group had
these two conditions and the HR associated wittothyiss1 ulceration or bleeding was 3.
In addition, if the HR associated with history df @ceration or bleeding was 2 then
PPIs would be as same as or worse than H2Bs irstefi@IGIB risk (Appendix Il, Table

8).

Our study has its strengths and limitations. Ftrst,use of multiple statistical
approaches provided a comprehensive picture ragatde comparative effectiveness
between the two the therapeutic classes. Secom@|@U data provided information that
increased the precision of identifying variableedesd in the study such as vital signs and
transfusion episodes for identifying clinically immpant episodes of bleeding; and the
availability of diagnosis strings and their linkagelCD-9 codes which increased the
precision of identifying and controlling for stresleer risk factors in the analysis. Third,
the result of the study was consistent with Macharstudy indicating the importance of
exploring this question in different databasesrofeo to determine whether or not the
observed increase in the risk of CIGIB with PPIsu®. Fourth, our study proposed and
tested whether or not PPIs-induced thrombocytopsaga possible explanation for the

increased risk seen with PPIs.
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On the other hand, differences in institutionagtices and clinician’s characteristics
were unavailable at the time of the analysis. Tioeee the degree by which such factors
impact treatment choice and outcome occurrenddliars area for future research. In
addition, despite the availability of vital signsdatransfusion as well as the availability
of diagnosis strings which increased the spegfficitCIGIB definition, endoscopy
information were unavailable to further excludedaegs unrelated to stress ulcer which
may have overestimated the already rare incideh€d@IB. Lastly, Lin’s approach
depends on the assumption of independence betlveemmeasured confounder and the
observed confounders conditioning on treatmentnateet a°*, and latter
VanderWeel®”, elaborated that this assumption is always vidlaf&erefore, the degree
by which this violation may lead to an overestiroator underestimation of the true
estimate requires cautious interpretation of tisellts. Nevertheless, as VanderWeele
stated, Lin’s approach is “perhaps best viewedeasfssimplifying assumptions to obtain
algebraic adjustment formulas that prowwdagh guideliness to how substantial the
influence of a confounding factor would need tdarberder to eliminate or reverse the

effect observed without controlling for the unmeasiconfounding variablé®.,

In conclusion, in current practice, CIGIB is a ratecome among patients who
received SUP. Unlike previous literature, protompunhibitors were associated with
higher risk of CIGIB compared to H2Bs. The resolit®SM and IV techniques were in
line with the main analysis. However, if this agation is true then it is not because of
post-treatment thrombocytopenia. Other possibléaggtion would be the presence of

residual confounding that couldn’t be solved byR&M and IV techniques. However,
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even in the presence of residual confounding, seitgianalysis indicated that PPIs were
superior over H2Bs only under one specific scen@aspite the fact that we believe
residual confounding is the main explanation far thvserved results, future studies
should not only focus on replicating the findingdifferent cohorts, including more
relevant variables and searching for a better Ivatgp on exploring the possibility that
PPIs may really be associated with higher risk 6§18 compared to H2Bs. Therefore,
more observational studies in different patientarthare needed to strengthen the signal
seen with PPIs use. In addition, well-designedwaelttexecuted randomized controlled
triple blind clinical trials with no funding or repting bias are still needed to answer this

guestion.
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Chapter VI. Comparative Safety of Proton Pump Inhibitors vs. Hstamine type-2
receptors blockers in Nosocomial Pneumonia and Clo&ium Difficile-Associated

Diseases: A Population-Based Study
I ntroduction:

Stress ulcer prophylaxis has been used in intersike units (ICUs) as a standard
practice for the last thirty years. However, the agproton pump inhibitors (PPIs) and
histamine type-2 receptor blockers (H2Bs) as prtgitic therapies raised a concern that
these drugs may lead to the development of nos@@neumonia (NP) as well as
clostridium difficileassociated diseases (CDAD). These diseases havdifiesd to
ICU mortality and increased lengths of stay (L&SP 3141819 cid suppressants
have been shown to raise the pH above four witerfitst 24 hour§2°*®* This increase
in pH allows pathogen colonization to take placéhis stomach?. Proton pump
inhibitors, in particular, have been shown to préertmacterial colonization through
additional mechanisf$*2 For instance, the H+/K+ pump, PPIs main actite, silso
was found in the laryngoesophageal tract as wehafungs>®. Therefore, at least in
theory, the inhibition of these pumps also augmbatgerial colonization in these areas.
In addition, in vitro studies demonstrated thatdfeétduce humoral immunity through
reversible inhibition of Natural Killer (NK) cel®®’. Furthermore, PPIs also have been
shown to reduce gastric emptying and gastric vealion’>®°? leading to an increase
in stomach accommodation accompanied by relaxatidime lower esophageal sphincter
>1.93.94 consequently, PPIs not only enhance bacteriahizdtion in the stomach but

also enhance tracheo-bronchial bacterial colommaind micro-aspiration of gastric
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contents into the respiratory tract which can leathe development of NP. Therefore,

one should expect higher incidence of NP with R#ien they are compared to H2Bs.

However, none of the RCTs that compared PPIs tosH2Borted an increased risk of
NP with any of the two groups (Figure 6.1). In dibahi, the five meta-analyses that were
done using these RCTs also did not find any additiask between the two groups. On
average, the cumulative incidence of NP for eadligmwas centered on 10% (Table

6.1).

Figure 6.1: Forrest Plot of Studies Comparing the Bk of Nosocomial Pneumonia between
Proton Pump Inhibitors and Histamine-2 Receptors Bbckers in the Intensive Care Units

Study Events, Events, %

ID RR (95% CI)  Treatment Control Weight
i

Conrad —0—:~— 0.71(0.28, 1.83) 7/178 10/181 18.89
1

De Azevedo —:*—0— 1.25(0.36, 4.30) 5/38 4/38 11.02
1

Kantorova —:*-0— 1.13(0.43,2.94)8/72 7171 18.25
1

Kolyanskaya : 0.23(0.05, 1.17) 2/45 4/21 6.44
1

Levy : 0.22(0.03,1.77)132 535  3.84
1

Philips —:*-0— 1.14(0.36, 3.60) 6/33 4125 12.64
1

Solouki —:*—0— 1.49 (0.55, 4.04) 8/61 6/68 16.80
1

Somberg _— 1.12(0.34,3.63)16/167  3/35 12.12

AN
\V/

Overall (I-squared = 0.0%, p = 0.492) 0.93(0.62, 1.40)53/626  43/474 100.00
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Table 6.1: Summary of Meta-Analyses that Comparedhte Risk of Nosocomial Pneumonia between
Proton Pump Inhibitors and Histamine-2 Receptors Bbckers in the Intensive Care Units

Reference Number of Number of Point of estimate and 95%
nosocomial nosocomial confidence interval of the risk of
pneumonia cases pneumonia nosocomial pneumonia comparing
among the proton cases among PPIs to H2Bs
pump inhibitors Histamine-2
(PPIs) group (%) receptor

blockers (H2Bs)
group (%)

Pongprasobchai  29/282 (10.3%) 29/287 (10.1%) OR: 1.02 (95%CI: 0.59 to 1.75)
2009 (n=569)

Zhou 2010 45/449 (10.0%) 32/322 (9.9%) OR: 1.03 (95%Cl: 053.70)
(n=771)

Lin PC 2010 56/520 (10.8%) 40/385 (10.4%) RD:0  (95%CI: -0.04 to +0.05)
(n=905)

Barkun AN 2012 63/610 (10.3%) 42/407 (10.3%)  OR: 1.05 (95%Cl: G52.62)
(n=1,017)

Al-Hazzani 2013  66/626 (10.5%) 50/474 (10.6%) RR:1.06 (95%CI 0.73 to 1.52)
(n=1,100)

In contrast, very few observational studies comgdane risk of NP among PPIs users
to H2Bs users in ICUs. These studies reported higéle of NP with PPIs by odds ratios
(OR) or hazard ratios (HR) between 1.2 and'2#*'% Therefore, these conflicting
results between the aforementioned studies ragsqubstion whether or not the risk of
NP differs between the two most widely used clas$a$ress ulcer prophylaxis in
intensive care. It is unknown if the lack of diéace between PPIs and H2Bs in the
meta-analyses was a real equivalence, a power assuenethodological flaw due to
inadequate drug exposure. In addition, the few asienal studies that showed higher

risk of NP with PPIs compared to H2Bs necessitapdoging this question in a different
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cohort of patients to determine how robust is #slt and who are the most vulnerable

subgroups.

Clostridium difficileexists in two forms: vegetative cells that are aadsitive and
acid-resistant sporés®. As previously discussed, the elevation of gagtHigpromotes
bacterial overgrowth and colonization inside thersach through both forms.
Clostridium difficilebacteria produce toxin A and toxin B that causeewediarrhea and
other CDAD!. These two toxins are discriminating markersGodifficile infection

that are used for diagnosis.

Studies that compared the risk of CDAD between BRtsH2Bs are very scarce in
intensive care environment. In 2014, MaclLaren @ikagues reported a slight increase
in the risk of CDAD among patients on PPIs compaoed?2Bs (HR=1.29; 95%CI: 1.04-
1.64) in a retrospective study of 35,312 ICU patierlowever, the lack of RCTs that
looked at the association and the limited geneahliity of the results of this one
observational study necessitate studying the cglghiip between PPIs, H2Bs and CDAD
in ICUs. Therefore, the objective of this study i@sompare the risk of NP and CDAD

among patients who received PPIs compared to H2B3U settings.

Methods:

Data:
The data for this study came from the elCU Resehustitute which gathered

information from more than 40 health systems enassing approximately 300 ICUs

across 34 states from 2008 to June of 2012. In partitipating ICU, information
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pertaining to patients’ admission and dischargegaie diagnoses, therapeutic
management, laboratory results, and demographics @kectronically documented with
time of occurrence in minutes since ICU admissioraddition, through an automated
interface that gathers information every 5-minuésrval, patient’s vital signs are
collected and incorporated into the eRI databgsesitory. Selection of disease
diagnosis was done through a menu of discrete dsgmstrings. These diagnosis strings
were eventually linked to the International Classifion of Diseases'ed. (ICD-9)
codes in the eRlI repository. Thus, both diagndsisgs and ICD-9 codes were kept in
the elCU repository which allowed ICD-9 codes validn. In addition, patients’ health
status was measured using the acute physiologglaoedic health evaluation score
version IV (APACHE-IV score). The data has beeritted as completely de-identified
by Privacert, Inc. (Pittsburgh, PA). Finally, thedy was exempted from Institutional

Review Board review (HP-00055985) at UniversityMdryland.

Inclusion and Exclusion Criteria:

The study included any patient who was admittelCtds between Jan 2008 and June
2012. Patients who were under 18 years old, nchdrged from the hospital during
study period (dead or alive), had invalid admissiod discharge dates (e.g. admission
date is after discharge date), or had missing deapbics, diagnoses, or APACHE-IV
score were excluded from the study cohort. In @aliito ensure complete ascertainment
of medication information the cohort was restrictedCUs that fully implemented the
medication interface in their systems. In additipatients were excluded if any of the
followings existed: ICU length of stay less thanhirs, an outcome (NP or CDAD)

within the first 48 hours of admission, receiptRHIs and H2Bs concomitantly or
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consecutively, the receipt of PPIs or H2Bs for ks three days, and missing source of
admission or teaching hospital status. In additionthe cohort used in studying NP,
patients with concomitant viral or fungal pneumowire excluded. Figure 6.2 illustrates

the selection criteria for both cohorts.
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Figure 6. 2: Selection criteria for nosocomial pnemnonia cohort and clostridium difficile- associated

disease cohort.

No. of Patients= 572,519

Time to NP is less than 48
hours <

Time to CDAD is less than
_| 48 hours

-322,093

-324,603

No. of Patients = 250,426

No. of Patients = 247,916

Combination or switching of
PPIs and H2Bs

Combination or switching of
PPIs and H2Bs

-22,599

-22,602

No. of Patients = 227,827

No. of Patients = 225,314

Concomitant Fungal/viral
pneumonia <

-35,191

No. of Patients = 192,636

No. of Patients = 225,314

Less than three days of PPIs
or H2Bs use

Less than three days of PPIs
or H2Bs use

-119,708

-134,928

No. of Patients = 72,928

No. of Patients = 90,386

Missing admission source
-18

Missing admission source
-21

<

Missing teaching Hospital
flag
-5,034

”] Missing Teaching Hospital
flag
-6003

No. of Patients = 67,876

No. of Patients = 84,362
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Measures:

Dependent variables:

Bacterial nosocomial pneumonia was defined usirtg H0D-9 codes (481.**-486.**
and 507) and diagnoses strings. The ICD-9 codes based on the causative
microorganism; therefore, the codes were not sjgesifough to exclude community-
acquired pneumonia (CAP). Consequently, in addiiioexcluding any cases of
pneumonia that occurred during the first two dayadmission, diagnosis strings were
used to further exclude any case of CAP. Appenidiikdble 1 contains a full list of

diagnoses strings that were included or excludeah the definition.

The discriminating test for CDAD is finding toxidsor toxin B in a stool sample.
The two toxins are responsible for CDAD manifesiasi such as diarrhea and
pseudomembranous enterocolitis. In addition, boxintA and B are very specific to
CDAD. An advantage of using the elCU Researchtutstidatabase is the documentation
of laboratory tests and their results to the minexel during the ICU stay. Therefore, a
case of CDAD was identified using both ICD-9 coded lab results. A case of CDAD
was defined as any patient who 1) has laborat@ylt®indicating a positive toxin A,

toxin B or both OR 2) received oral Vancomycin

Independent variables:

The main independent variable was the receipt ¢t RIP three days versus the
receipt of H2Bs for three days. The name, timedohiaistration and the hierarchical
ingredient code list (HICL) sequence nunifiefor these therapeutic classes were

recorded in the medication data file. Both the HE&quence number and medications
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name were used to pull out all entries of PPIs pramole, esomeprazole, lansoprazole,
dexlansoprazole, rabeprazole and pantoprazole2BskLtimetidine, ranitidine,
famotidine and nizatidine, during an ICU stay. Apge | Table 2 shows both the HICL
sequence numbers as well as medications’ brangemelic names used in identifying
the two classes and other medications includeddrstudy. Lastly, although the onset of
action of many PPIs and H2Bs is within 1 to 3 hothie peak effect of H2Bs and PPIs
requires 12 to 24 hours in order to take placeeaetsvely. Therefore, a 24-hours lag
period between the exposure and the occurrendeautcome was needed to establish

temporality.

The following covariates were included: demograsgliage, gender and race);
clinical variables (mechanical ventilation > 24 .hreead injuries, major burns, sepsis,
corticosteroids therapy > 250 mg of hydrocortisonequivalent daily, acute renal
failure, hepatic failure, transplantation, neuradadyinjuries, hypotension, surgery or
trauma, or ICU LOS > 1 week, cancer, human immuficéeacy virus, cirrhosis, the
receipt of enteral nutrition and intubation in firet day); admission source, physician
specialty and type of hospital (teaching vs. naeténg). In addition, health severity was
measured by the APACHE IV software sublicensed f@emer, Inc., (Kansas City,
MO). Lastly, medications that affect the occurrent®lP or CDAD including sucralfate,
antacids, NSAIDs, aminoglycosides, cephalospoRimjroquinolones, Lincosamide,
linezolid, macrolides, metronidazole, other b-latsapenicillins, tetracyclines,
vancomycin and miscellaneous antibiotics (tigaayli daptomycin, nitrofurantoin,

colistimethate, chloramphenicol and telavancin)exftagged. Most of aforementioned
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antibiotics are either have been used in treatiRgpNCDAD or have been implicated in

causing CDAD.

Statistical Analysis:
With the exception to the outcomes and covariatelsided, the approached used in

analyzing the data was identical to the approaek us chapter V. The data was
analyzed using Cox proportional hazard multivagaielgression for survival data with
time as discrete intervals, propensity score matgchnd instrumental variable

techniques.

Results:
The cohort used in studying the effect of PPIsid@Bs on NP consisted of 67,876

patients who contributed 285,033 patient-day olegems. The incidence rate (IR) of NP
in the cohort was 8.4 cases/1000 patient-days.a&\thd IR among H2Bs users was 10.6
cases/1000 patient-days, the IR among PPIs userg waases/1000 patient-days.

Overall, the crude incidence of NP was greater antba H2Bs group (4.2%) compared

to PPIs group (3.3%).

The CDAD cohort consisted of 84,362 patients whatigouted 389,782 patient-day
observations. Unlike NP, the IR of CDAD was muciéo (1.4 cases/1000 patient-days).
In addition, contrary to NP, the IR among the Riptaip was greater than IR among the
H2Bs group (1.5 cases/ 1000 patient-days vs. 1]a$8s¢1000 patient-days, respectively).
In general, the incidence of CDAD was greater antbeg”Pls group (0.7%) compared

to H2Bs group (0.5%).
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The NP cohort was approximately 76% Caucasiandafamales. Almost half of the
patients were admitted to mixed ICU followed byarwary care ICU (18.6%). Acute
respiratory distress syndrome was diagnosed inslome third of patients while COPD
was reported in 12% of patients. Almost, 50% ofgudas had their bed head elevated 30
degrees to prevent aspiration pneumonia. Cephaiospgenicillins and vancomycin
were the most frequent antibiotics used in thisocbround half of patients were
admitted to the ICU from emergency room. Usingghgent-day observations, patient
characteristics were alike to the abovementionsdlt® (Appendix Il Table 2). In
addition, the demographic characteristics of CDAIDart were very similar to NP

cohort (Table 6.2 and Appendix Il Table 3).

The bivariable analysis of the association betwéBrand the two therapeutic classes
showed that the risk of NP was lower among the BRIsp compared to the H2Bs group
with HR of 0.73 and 95% CI between 0.67 and 0.@%dntrary, the risk of CDAD was
greater among the PPIs group (HR: 1.36; 95%CI:-1.7) compared to H2Bs groups.
However, in both cohorts PPIs and H2Bs groups sttstically different in age,

gender and race, ICU type, nutrition status, desgastress ulcer prophylaxis risk factors,
medications use, ICU admission source, physiciagiafty and the teaching status of the
hospital. In both cohorts, the APACHE-IV score wsatistically higher among the PPIs
group compared to the H2Bs indicating higher séyati ICU admission among the PPIs

group (Appendix Ill, Table 3, 4, 10, 11).
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Table 6.2: Characteristics of patients who receivedither proton pump inhibitors or histamine
type-2 receptor blockers for at least three days ding their intensive care unit stay by each outcome

Characteristics NP CDAD
N= 67,876 N= 84,362
Freq. Col % Freq. Col%
Outcome Nosocomial Pneumonia 2,393 3.5
Clostridium-difficile associated 550 0.7
diseases
Exposure Three Days of Proton Pump Inhibitor: 49,093 72.3 61,254 72.6
Use
Three Days of Histamine-2 Receptors 18,783  27.7 23,108 27.4
Blockers Use
Gender Male 36,164 53.3 45,087 53.4
Age 18 To 60 26,468 39 32,599 38.6
61 To 70 15,414 22.7 18,923 22.4
71To 80 14,846 21.9 18,448 21.9
>81 11,148 16.4 14,392 17.1
Race Caucasian 51,669 76.1 64,618 76.6
African American 7,706 11.4 9,395 111
Hispanic 1,939 2.9 2,364 2.8
Native American 467 0.7 605 0.7
Asian 849 1.3 1,023 1.2
Others 5,246 7.7 6,357 7.5
ICU Type Mixed 30,606 45.1 39,506 46.8
Cardiovascular-Surgical 6,166 9.1 7,052 84
Coronary Care 12,597 18.6 16,089 19.1
Trauma 406 0.6 419 0.5
Surgical 6,166 9.1 6,735 8
Medical 6,673 9.8 8,919 10.6
Neuroscience 5,262 7.8 5,642 6.7
Nutrition No Feeding 28,106 41.4 33,430 39.6
Enteral Nutrition 35,398 52.2 45,636 54.1
Parenteral Nutrition 747 1.1 843 1
Both Enteral Nutrition and Parenteral 3,625 5.3 4,453 5.3
Nutrition
Any Gastrointestinal Diseases 1855 2.7 2,329 2.8
Cancer 4,799 7.1 ---
HIV 88 0.1
Cirrhosis 1,026 1.5 ---
Asthma 1648 2.4
COPD 8,061 11.9
ARDS 22488 33.1
Heart Failure 8,488 12.5
Head of Bed is 30 Degrees Up 32781 48.3
Immunosuppression 2,100 3.1 2,702 3.2
Intubated in the First Day 29,740 43.8 38,607 45.8
Risk Factors Coagulopathy 16,289 24 20,044 23.8
Mechanical Ventilation > 24 Hours 33973 50.1 44,444 52.7
Traumatic Brain Injury 3,225 4.8 3,426 4.1
Hepatic Failure 601 0.9 737 0.9
Hydrocortisone> 250 Mg / Day or 2,409 3.5 3,584 4.2
Equivalent
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Table 6.2, Continued

Characteristics NP CDAD
N= 67,876 N= 84,362
Freq. Col % Freq. Col%
Transplantation 146 0.2 156 0.2
Acute Myocardial Infarction 2,190 3.2 2,371 2.8
Sepsis 12387 18.2 18,856 22.4
Neurological Injuries 9,622 14.2 10,874 12.9
Surgical And Multiple Trauma 16103 23.7 16,706 19.8
Hypotension 14,042 20.7 19,846 23.5
Acute Renal Failure 16423 24.2 21,980 26.1
Burns> 30% BSA 21 0 25 0
ICU LOS > 7 Days 19992 29.5 27,837 33
Medication Sucralfate 1,686 25 1,881 2.2
Antacids 19633 28.9 23,519 27.9
Anticoagulants 30,935 45.6 39,461 46.8
Antiplatelets 35920 52.9 45,182 53.6
Thrombolytics 3,853 5.7 4,439 5.3
NSAIDs 30654 45.2 38,203 45.3
Aminoglycosides 1,937 2.9 2,685 3.2
Cephalosporins 20476  30.2 25,942 30.8
Flouroquinolones 14,536 21.4 21,643 25.7
Lincosamide 2225 3.3 3,072 3.6
Linezolid 1,499 2.2 2535 3
Macrolides 2957 4.4 6,277 7.4
Metronidazole 5,883 8.7 6,808 8.1
Other B-lactams 5211 1.7 7,385 8.8
Penicillins 24,140 35.6 34,359 40.7
Tetracyclines 636 0.9 889 1.1
Vancomycin 19,114 28.2 28,149 33.4
Antibiotics, Others 1094 1.6 1,300 1.5
Admission Direct Admission 6,106 9 7,429 8.8
Source
Chest Pain Center 278 0.4
Emergency Room 34,266 50.5 44,385 52.6
Floor 10,390 15.3 13,908 16.5
Operating Room 11,702 17.2 12,048 14.3
Other (Other Hospital or ICU, 5,134 7.6 6,592 7.8
Recovery Room, Step-Down Unit anc
chest pain center if not listed)
Year of 2008 11,098 16.4 13,588 16.1
Admission
2009 14,623 21.5 18,317 21.7
2010 16,690 24.6 20,683 245
2011 17,187 25.3 21,505 25.5
2012 8,278 12.2 10,269 12.2
Physician Internal medicine 11,980 17.6 15,345 18.2
Specialty
Pulmonary 9,836 145 14,677 17.4
Hospitalist 6,575 9.7 8,534 10.1
Cardiology 5506 8.1 6,061 7.2
Surgery-general 4,991 7.4 5,167 6.1
Critical care medicine (CCM) 4,030 5.9 5937 7
Family practice 4,226 6.2 5435 6.4




Table 6.2, Continued

Characteristics NP CDAD
N= 67,876 N= 84,362
Freq. Col % Freq. Col%
Surgery-cardiac 3,510 5.2 3,579 4.2
Others 17,222 25.4 19,627 23.3
Teaching Hospital 19,658 29 24,900 29.5
APACHE Score IV (Mean, SD) 64.95 26.53 66.31 26.6

NP: Nosocomial Pneumonia; CDAD: Clostridium-diffeassociated diseases; ICU: Intensive Care
Unit; HIV: Human Immunodeficiency Virus; AIDS: Acdired Immunodeficiency Syndrome;
APACHE score IV: Acute Physiology and Chronic Hedfivaluation Score version IV; NSAIDs: Non-
Steroidal Anti-inflammatory Drugs.; BSA: Body SuwréaArea; LOS: Length of Stay.

The Cox proportional hazard multivariable modelvséd that the adjusted hazard of NP
was lower among the PPIs group compared to the g (HR: 0.87, 95%C0Q.78-
0.97). Nosocomial pneumonia was positively assediavith males (HR: 1.14, 95%ClI:
1.1-1.24); being in a mixed ICUs compared to mddcbl (HR: 1.4, 95%CI1.11-1.7);

the receipt of enteral nutrition (HR: 1.47, 95%CR7-1.7) or both enteral and parenteral
nutrition (HR: 1.47, 95%CM..22-1.8). In addition all respiratory related dises

including asthma, COPD or ARDS were also positiadgociated with NP. Furthermore,
most of the antibiotics were associated with higreard of NP except metronidazole
(Table, 6.3). Similarly, patients admitted to taaghhospital were at higher risk of NP

(HR: 1.68, 95%CI1.42-1.99) compared to patients admitted to nookieg hospital
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Table 6.3: Discrete Time Survival Analysis Using OoProportional Hazard Multivariable
Regression Model for the Effect of Three-Day PPls & Compared to Three-Day H2Bs Use on the
Risk of Nosocomial Pneumonia or Clostridium difficle-associated diseases among ICU Patients.

i

NP CDAD
Characteristics HR 95%CI HR 95%ClI
Three-day use of PPIs
vs. Three-day use of
Exposure H2Bs 0.870* [0.777,0.974] 1.116 [0.886,1.405]
Gender Female Reference Reference
Male 1.143*+*  [1.057,1.236] 0.898 [0.751,1.074]
Age 18 To 60 Reference Reference
61 To 70 0.938 [0.837,1.052] 1.010 [0.798,1.279]
71To 80 0.936 [0.833,1.052] 1.145 [0.925,1.418]
>81 0.944 [0.818,1.090] 1.088 [0.840,1.409]
Race Caucasian Reference Reference
African American 0.873 [0.755,1.011] 1.325* [1.031,1.703]
Hispanic 0.824 [0.538,1.261] 2.064* [1.117,3.814]
Native American 0.717* [0.542,0.948] 1.615* [1.072,2.432]
Asian 0.99 [0.705,1.390] 0.861 [0.321,2.313]
Others 0.857 [0.702,1.046] 1.927*** [1.407,2.637]
ICU Type Medical Reference Reference
Cardiovascular-Surgical 1.119 [0.714,1.753] 1.117 [0.364,3.423]
Coronary Care 0.857 [0.599,1.225] 1.172 [0.800,1.715]
Trauma 1.328 [0.991,1.779] 0.798 [0.546,1.166]
Surgical 0.731 [0.531,1.007] 0.599* [0.384,0.933]
Mixed 1.399** [1.105,1.770] 0.823 [0.610,1.111]
Neuroscience 1.099 [0.771,1.566] 0.783 [0.477,1.287]
Nutrition No Feeding Reference Reference
Enteral Nutrition 1.466**  [1.270,1.692] 1.439** [1.113,1.859]
Parenteral Nutrition 1.474**  [1.218,1.783] 1.165 [0.845,1.605]
Any Gastrointestinal Diseases 1.118 [0.919,1.360] 1.107 [0.715,1.716]
Cancer 1.056 [0.904,1.234] ---
HIV 0.818 [0.321,2.085] ---
Cirrhosis 1.036 [0.759,1.413] ---
Asthma 1.446***  [1.175,1.780] ---
COPD 1.409***  [1.251,1.588] ---
ARDS 3.160***  [2.747,3.634] ---
Heart
Failure 1.420***  [1.267,1.591] ---
Head of Bed is 30 Degrees Up 1.343**  [1.180,1.530] ---
Immunosuppression 0.862 [0.676,1.099] 1.212 [0.803,1.829]
Intubated in the First Day 0.959 [0.869,1.058] 1.063 [0.853,1.326]
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Table 6.3, Continued

NP CDAD

Characteristics HR 95%CiI HR 95%CI
Mechanical Ventilation

Risk Factors > 24 Hours 0.979 [0.858,1.117] 1.505** [1.142,1.982]
Traumatic Brain Injury  1.201* [1.007,1.433] 0.623 [0.318,1.219]
Hepatic Failure 0.823 [0.547,1.237] 0.553 [0.213,1.438]
Hydrocortisone> 250
Mg / Day or Equivalent 1.228* [1.039,1.452] 0.814 [0.542,1.222]
Transplantation 0.84 [0.331,2.129] 2.378 [0.359,15.75]
Acute Myocardial
Infarction 0.875 [0.635,1.208] 0.977 [0.472,2.022]
Sepsis 1.057 [0.922,1.211] 0.987 [0.794,1.227]
Neurological Injuries 1.299**  [1.121,1.504] 0.648* [0.450,0.933]
Surgical And Multiple
Trauma 1.111 [0.950,1.299] 0.936 [0.637,1.376]
Hypotension 1.211**  [1.081,1.356] 0.996 [0.795,1.247]
Acute Renal Failure 1.152* [1.037,1.279] 1.071 [0.883,1.300]

Medications Sucralfate 1.125 [0.806,1.571] 0.818 [0.453,1.479]
Antacids 0.899 [0.805,1.005] 1.005 [0.815,1.240]
NSAIDs 1.027 [0.919,1.148] 0.998 [0.820,1.214]
Aminoglycosides 1.106 [0.919,1.331] 1.114 [0.821,1.512]
Cephalosporins 1.301***  [1.175,1.440] 1.119 [0.917,1.365]
Flouroguinolones 1.173* [1.058,1.300] 0.854 [0.710,1.027]
Lincosamides 1.057 [0.866,1.289] 1.383* [1.023,1.869]
Linezolid 1.226* [1.004,1.496] 1.922*** [1.497,2.467]
Macrolides 1.326***  [1.145,1.537] 1.115 [0.857,1.450]
Metronidazole 0.860* [0.765,0.967] 2.849*** [2.220,3.655]
Otherp-lactams 1.194** [1.048,1.360] 1.460*** [1.187,1.795]
Penicillins 1.579***  [1.401,1.781] 1.384** [1.116,1.716]
Tetracyclines 0.402***  [0.244,0.663] 0.569 [0.272,1.192]
Vancomycin 1.827***  [1.630,2.047] --
Antibiotics, Others 0.684** [0.527,0.889] 1.143 [0.792,1.650]

Admission

Source Direct Admission Reference
Chest Pain Center 1.989** [1.199,3.300] ---
Emergency Room 1.176 [0.975,1.419] 0.922 [0.684,1.242]
Floor 1.019 [0.832,1.247] 1.222 [0.875,1.707]
Operating Room 1.174 [0.922,1.494] 1.135 [0.692,1.862]
Other (Other Hospital
ICU, Recovery Room,
Step-Down Unit or chest
pain center if not listed) 1.07 [0.866,1.323] 1.116 [0.758,1.643]

Year of

Admission 2008 Reference Reference
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Table 6.3, Continued

NP CDAD

Characteristics HR 95%ClI HR 95%Cl
2009 1.014 [0.819,1.256] 1.555* [1.209,2.179]
2010 0.959 [0.754,1.220] 1.826*** [1.309,2.548]
2011 0.811 [0.640,1.028] 1.446* [1.007,2.076]
2012 0.745* [0.568,0.976] 1.259 [0.845,1.877]

Physician

Specialty Internal medicine Reference Reference
Pulmonary 1.191 [0.980,1.448] 0.785 [0.575,1.072]
Hospitalist 1.199 [0.971,1.480] 0.910 [0.634,1.305]
Cardiology 1.152 [0.890,1.490] 0.821 [0.503,1.341]
Surgery-general 1.053 [0.821,1.350] 1.021 [0.668,1.562]
Critical care medicine  1.325* [1.063,1.651] 0.962 [0.656,1.412]
Family practice 0.889 [0.684,1.157] 0.591 [0.338,1.033]
Surgery-cardiac 1.204 [0.885,1.638] 0.813 [0.472,1.400]
Others 1.361**  [1.153,1.607] 0.986 [0.748,1.301]

Teaching Hospital 1.677***  [1.418,1.985] 0.692* [0.521,0.921]

Continuous

Variables APACHE Score IV 0.998 [0.996,1.000] 1.003 [1.000,1.007]

Observations 285033 389782

PPIs: Proton Pump Inhibitors; H2Bs: Histamine Type-2 receptor Blockers; ICU: Intensive Care
Unit; HIV: Human Immunodeficiency Virus; AIDS: Acq uired Immunodeficiency Syndrome;
APACHE score IV: Acute Physiology and Chronic Healh Evaluation Score version IV; NSAIDs:
Non-Steroidal Anti-inflammatory Drugs.; BSA: Body Surface Area; LOS: Length of Stay.

The results of sensitivity analyses comparing fifeceof PPIs to H2Bs on NP were
either favoring PPIs over H2Bs or no differencer. ikstance, when the minimum time of
exposure was reduced to two days and the cohorex@anded to include patients who
developed NP on the third day, the hazard of NPlaxasr among patients on PPIs
compared to those on H2Bs (HR: 0.90, 95%CI: 0.8 .Similarly, when patients in

the upper decile of ICU length of stay were remaireth the cohort PPIs still were
associated with lower risk of NP compared to H2R(18.87, 95%CI: 0.77-0.97). In
contrast, the result became borderline insigniti¢aiR: 0.89, 95%CI: 0.79-1.00) when

the analysis was confined to patients who did matahtinue treatment or discontinued
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treatment no more than two days before dischangaddlition, both propensity score
matching and instrumental variable technique showeedifference between PPIs and
H2Bs with regards to the risk of NP (HR: 0.88, ®¥0.75-1.02 and (HR: 0.84,
95%CI: 0.66-1.07), respectively (Table 6.4). App&rt contains detailed information
about the models and goodness of fit tests usptbpensity score matching and

instrumental variables techniques
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Table 6. 4: Summary of analyses used for studyindné comparative saftey of PPIs and H2Bs on the

risk of NP and CDAD

Analysis

Rationale

Results

NP

CDAD

Two-day use of PPls
compared to Two-
day use of H2Bs

Limiting cohort to
patients who did not
discontinue
treatment or
discontinued
treatment no more
than two days before
discharge

Removed long
stayers by removing
patients in the upper
decile of ICU length
of stay.

Propensity Score one To control for possible

to one Matching with
no replacement

Two Stage Residual
Inclusion

Two Stage Residual
Inclusion while
confiding the
analysis to ICUs that
have at least 100
patients during the
year.

To whether or not shorter n=412,413patient-
duration has the same effect o day

the risk of the outcome (HR: 0.90, 95%CI:
To compare the results to the 0.81-0.99).
studies that compared two-day

use of PPlIs to two-day use of

H2Bs and found PPIs

The main model consider any n= 243,882 patient-
patient who received the day

medications of interest for three(HR: 0.89, 95%CI:
days as exposed regardless  0.79-1.00).
whether or not the medications

were discounted later. This may

lead to estimate overestimation.

Therefore, the analysis was

confined to patients who

continued using medications

until discharge or discontinued

them no more than two days

before discharge.

Observations with extreme n=258,770 patient-

length of stay may have skewe day
the results (HR: 0.87, 95%Cl:
0.77-0.97).

n=32,160 patients
(HR: 0.88, 95%CI:
0.75-1.02).

treatment selection bias

To control for possible n= 285,033 patient-

treatment selection bias day
(HR: 0.84, 95%ClI:
0.66-1.07).
To control for possible n= 179,296 patient-
treatment selection bias and  day

validate the classification of an (HR: 0.84, 95%CI:
ICU as a PPI unit or not. 0.56-1.25).

n=543,105 patient-day
(HR: 1.22, 95%Cl: .99-
1.52).

n=329,399patient-day
(HR:1.12, 95%CI:0.88-
1.42)

n= 353,298 patient-day
(HR:1.15, 95%CI:0.91-
1.47)

n=40,648 patient
(HR:1.32, 95%CI:1.03-
1.695)

n= 389,782 patient-day
(HR: 1.50, 95%CI:
1.05-2.14)

n= 288,489 patient-day
(HR: 1.93, 95%CI:
1.28-2.94)

PPIs: Proton Pump Inhibitors; H2Bs: Histamine Typeceptor Blockers; ICU: Intensive Care Unit; HR:

Hazard Ratio
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Table 6.5 showed the different scenarios that ncayoif there was an unmeasured
difference in care provided to patients who recgi?®Ils compared to patients on H2Bs
to reduce the likelihood of NP infection. For inmsta, if the unmeasured variable is
associated with 23% reduction in NP then PPIsléglassociated with higher risk of NP
if 40% of the patients in the PPIs group have reskthis extra care and no one the

H2Bs group has received it (HR: 1.19, 95%CI: 1.083}L

Table 6. 5: Hazard ratio and 95% Confidence Intervés for the effect of Three-day use of PPIs
compared to Three-day use of H2Bs adjusting for annmeasured dichotomous confounder with a
hazard ratio of 0.77.

Po
P, 0.0 0.1 0.2 0.3 0.4 0.5
0.0 0.87
(0.78,0.97)
0.1 0.93 0.87
(0.83,1.04)  (0.78,0.97)
0.2 1.00 0.94 0.87
(0.9,1.12)  (0.84,1.05) (0.78,0.97)
0.3 1.09 1.02 0.94 0.87
(0.97,1.22) (0.91,1.14) (0.84,1.06) (0.78,0.97)
0.4 1.19 1.11 1.03 0.95 0.87
(1.06,1.33)  (0.99,1.24) (0.92,1.15) (0.85,1.06) (0.78,0.97)
0.5 1.31 1.22 1.13 1.05 0.96 0.87
(1.17,1.46)  (1.09,1.37) (1.01,1.27) (0.93,1.17) (0.86,1.07) (0.78,0.97)
0.6 1.45 1.36 1.26 1.16 1.06 0.97
(1.3,1.63) (1.21,152) (1.13,1.41) (1.04,1.3) (0.95,1.19) (0.86,1.08)
0.7 1.64 1.53 1.42 1.31 1.20 1.09
(1.46,1.83) (1.37,1.71) (1.27,1.59) (1.17,1.47) (1.07,1.34) (0.97,1.22)
0.8 1.88 1.75 1.62 1.50 1.37 1.25
(1.67,21)  (1.56,1.96) (1.451.82) (1.34,1.68) (1.23,1.54) (1.11,1.4)
0.9 2.19 2.04 1.90 1.75 1.60 1.46
(1.96,2.45)  (1.83,2.29) (1.69,2.12) (1.56,1.96) (1.43,1.8) (1.3,1.63)
1.0 2.64 2.46 2.28 2.11 1.93 1.75

(2.35,2.95) (2.2,2.75) (2.04,2.56) (1.88,2.36) (1.72,2.16) (1.57,1.96)

P, and R are the prevalence of the unmeasured confoundbeiri2Bs group and the PPIs group,
respectively; PPIs: Proton Pump Inhibitors; H2B&stéinmine Type-2 Receptors Blockers

Red color: higher risk of NP with PPIs; Green colo difference between PPIs and H2Bs; Blue: lower
risk of NP with PPIs.

The adjusted hazard Gllostridium difficileassociated diseases did not differ between

the PPIs group and the H2Bs (HR: 1.116, 95%CI:-0.89). With regards to race,
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except for Asians, all other races were associatttdhigher hazard of CDAD compared
to Caucasians. In addition, patients who receivedral nutrition during their ICU stay
had 44% increase in the hazard of CDAD comparguht@ents who did not receive
enteral nutrition. Similarly, multiple antibiotiegere associated with higher hazard of
CDAD including lincosamides, linezolid, metronidézoother b-lactams and penicillins
(Table 6.3). In contrary, patients in teaching hiadpvere less likely to develop CDAD
(HR: 0.69, 95%CI: 0.52-0.92) compared to patientsan-teaching hospitals. Sensitivity
analyses showed that the risk of CDAD was highesramthe PPIs group compared to
H2Bs although it was borderline insignificant (HR22, 95%CI: .99-1.52) when the
minimum time of exposure was reduced to two daykstha cohort was expanded to
include patients who developed CDAD on the thirg. @&milarly, when the analysis was
confined to patients whdid not discontinue treatment or discontinued tresatt no more
than two days before discharge or when patientisdrupper decile of ICU length of stay
were removed from the cohort there was no diffezdsetween PPIs and H2Bs in the
hazard of CDAD (Table 6.4). However, the propensdgre matching revealed that
results in a matched sample differed from the tesnlthe full sample. The one to one
propensity score matching model showed that PPis agsociated with higher hazard of
CDAD (HR:1.32, 95%CI:1.03-1.695) compared to H2Bsreover, PPIs were also
associated with higher risk of CDAD compared to HZBR: 1.50, 95%CI: 1.05-2.14)
when the IV technique was used. Appendix Il camaletailed information about the
models and goodness of fit tests used in propessdye matching and instrumental

variables techniques.
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Discussion:
Two cohorts were used to study the relationshipieen the administration of PPIs

or H2Bs for three days and two outcomes: NP and BDFe overall incidence rate of
NP was 8.4 cases per 1000 patients-day indicatiaigout of each 1000 patients admitted
to the ICU in one day approximately eight patiemils develop NP. The rate was higher
among the H2Bs group compared the PPIs group (80.6.6 / 1000 patient-day,

respectively).

Overall, there were 2393 (3.5%) NP cases amongdhert used for studying the
relationship between the two therapeutic classdd\&h The lower incidence reported in
the study compared to the 10% cumulative incid€@dereported in most of the
previous meta-analyses is most likely due to,,fite¢ three days treatment duration
required before ascertaining the infection whicblesded NP that occurred during the
first three days after admission ; second, the rapeeific NP definition that depended
on direct physician’s input through the dropdowagtioses menus which reduced the
possibility of false positive due to upcoding s@enlaims dat&"; Third, the
implementation of population management tools is tohort which were used as tools
for alerting clinicians about medication’s advee$tects allowed setting up precautionary

measures to reduce the likelihood of' RiP

Previous meta-analyses of RCTs did not find affgrince in the incidence of NP
between the studied therapeutic classes. Contssmjwbservational studies reported
higher hazard of NP with PPIs compared to H28% 2% Unlike, the aforementioned

studies, in this study, the crude incidence waatgreamong the H2Bs group (4.2%)
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compared to PPIs group (3.3%). In addition, theisted HR was 0.87 with a 95%
confidence interval between 0.78 and 0.97 indicgtivat the receipt of PPIs was
associated with 13% reduction in the hazard of Niémwit is compared to the receipt of
H2Bs.Furthermore, the results were robust whertination of exposure was shortened
to two days, patients with the highest ICU lengtistay were excluded or when the

analysis was confined to continuous users (Taldlg 6.

In the absence of a theory supporting this findind the presence of multiple
mechanisms by which PPIs may lead to NP, it is ksl that the observed
relationship is a result of confounding by indicatialso known as treatment selection
bias. Confounding by indication occurs when an uasnead variable directs the choice
of one of the two therapeutic classes over therotbetreatment selection becomes
deviated toward one of the two therapeutic cladsesto the presence of this unmeasured
variable that is observed by clinicians and noeolsd by the researcher. During the
study period, PPIs have been put under a lot oftisgr because of the interaction with
clopidogrel, the risk of fractures with their longe and the observational studies that that
reported increased risk of pneumonia with thgrp*1°9199.20020220¢ 5 instance, in
2009, the journal of the American medical assommgiublished a study herzig et al
reporting an increased risk of hospital-acquiredysnonia with PPIs compared to
nothing (OR, 1.3; 95% ClI, 1.1-1.4) but not with H2fR, 1.2; 95% CI, 0.98-145.
Therefore, clinicians might have recognized a higlsik of NP with PPIs administration
than H2Bs and, hence, did more to reduce the @eksequently, clinicians might have

directed patients with higher risk of pneumonia yiam PPIs and toward H2Bs.
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Although risk factors of pneumonia were includedha model, there were factors that
were unavailable such as alcohol use, aspiratioinglintubation or swallowing
problems. Another possible hypothesis is relatduetth severity, the PPIs groups were
sicker than the H2Bs group as seen by the APACHEesa both groups (66 vs. 62,
P<0.0001, respectively). Therefore, overall, tloiei group may have received extra
care measures, including PPIs as the most pote&tg sigppressant, compared to the less
sicker group which eventually reduced the likelid@d developing NP in the former
group. In both scenarios propensity score matcantylV techniques were used to
correct for this bias given that the assumptionsamh techniques were satisfied. The
result of propensity score matching showed thatitkeof NP did not statistically differ
between PPIs and H2Bs (HR: 0.88, 95%CI: 0.75-1P62,.09) coinciding with what was
reported in previous RCTs and meta-analyses. Tige Eample size of 32,160 matched
pairs reduces the possibility of statistical ingigance due to insufficient power given
that other studies were able to detect a differ&mteeen the two groups with smaller
sample size§?*% Thus, it is more likely that the lack of diffenis real supporting the
results seen in previous meta-analyses. Howevercannot also ignore the possibility of
residual confounding even after propensity scortehiag if the propensity score model
did not includeall confounders or variables only associated wit’Rl Instrumental
variable technique showed very similar resultsef&tatistical difference between PPIs
and H2Bs in NP hazaiiR: 0.84, 95%CI: 0.66-1.07). The results of twoyvsansitivity
analysis in Table 6.5 provided a third approacbhteck the robustness of the data if the
assumptions of propensity score and IV techniquere wiolated. The fact that it is

enough for 40% of the patients in the PPIs grougteive some sort of extra care
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measures such as close monitoring, implementaficare bundles or more experienced
staff in order for PPIs to be associated with higiek of NP compared to H2Bs (HR:
1.19, 95%CI: 1.06-1.33) indicates the possibilityach association to exist in reality

despite that all previous RCTs and subsequent arethses did not show this.

Few studies looked at the incidence rate of CDAiansive care unit. In this study,
the incidence rate of CDAD was (1.4 cases/ 100 mpiatiay) which was lower than
what was reported in the literature. For instanmc@007, Beaulieu and colleagues
reported an incidence rate of 8 cases / 1000 patenin Quebec medical intensive care
unit. However, the high incidence rate in Beaukestudy was most likely a consequence
of a CDAD outbreak that led to shutting down thediakICU for a period of time.
Similar to the incidence rate, the crude incideinddis study (0.7%) was lower than
what reported in the literature between 2% td8%T his is mainly because of the three
days of exposure required in the inclusion critand, more importantly, the dependence
on lab results or oral Vancomycin receipt in idimtig CDAD cases rather than the ICD-
9 code which increase the specificity of the défni and reduce the possibility of false

positives.

In this cohort, the adjusted hazard of CDAD wasdifferent between the PPIs group
and the H2Bs (HR: 1.116, 95%CI: 0.89-1.41). Howea#hough it was borderline
insignificant, the risk of CDAD was higher among tfAPIs group compared to H2Bs
(HR: 1.22, 95%CI: .99-1.52) when the minimum tinierposure was reduced to two
days and the cohort was expanded to include patweind developed CDAD on the third
day. The aforementioned results indicates the poesef small effect size between PPIs
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and H2Bs. MacLaren and colleagues reported a werias estimate of CDAD risk
among PPIs patient compared to H2Bs patients (GR95%CI: 1.04-1.64). Moreover,
the results of one to one propensity score matchmthe 1V techniques showed that the
use of PPIs for three days were associated withelnigazard of CDAD compared to
H2Bs use for the same period of time (HR:1.32, 95%(03-1.695; HR: 1.50, 95%CI.:
1.05-2.14, respectively). Not accounting for noneam treatment allocation may have
led to the differences between results of the @ak€ox regression model and PSM and
IV techniques. The residuals included in the sed¥nstage showed a statistically
significant protective effect (HR: 0.96, 95%CI: 8,9.99) indicating the presence of an
unmeasured variable that was associated with 44ctiea in the hazard of CDAD that
needed to be included in the final model to accéamtreatment selection bias and
achieve an unbiased estimate. As previously meatipthe higher baseline APACHE
score among the PPIs group (Appendix Il Table®,rhay have led to differences in

provided care that was captured in the residuals.

The mechanism by which PPIs are believed to c&s&D is the elevation of
gastric pH which promotes bacterial overgrowth eoldnization inside the stomach.
Both the vegetative cells as well as the spord&3.difficile are implicated in the
pathogenesis of CDAD. For instance, above the ptefwhich can be achieved by
PPIs more than H2B€;.difficile spores germinate and produce vegetative cells#mt
live under this pH. In addition, inside hospitattggs, the vegetative cells themselves
can live up to 6 hours on moist surfaces at roanperature*2. Therefore, exposure to

either form plays a role in the pathogenesis of CD#nong patients on acid
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suppressants. In 2012, Tleyjah and colleaguesumed a meta-analysis that included
any empirical study that explored the associatetmvben PPIs and CDAD. The majority
of the studies included community-dwelling patieansl hospitalized patients. The
authors reported a 65% increase in the odds oflalemg CDAD with the use of PPIs
compared to not receiving PPIs (OR: 1.65, 95% @7 1o 1.85), P< 0.0001°= 89.9%.

) ¥’ Similarly, Deshpande and colleagues conductechanateta-analysis that included
30 observational studies (h=202,965) and foundttietise of PPIs was associated with

higher odds of CDAD (OR: 2.15, 95% Cl: 1.81 to 3,95< 0.0001,% 87%.)**®,

The results of the NP and CDAD models showed ttatiaistration of enteral
nutrition increased the risk of both infections appmately by 40%. Enteral nutrition
has been associated with risk of gastric contgpitateon into the lungs causing
pneumoni&™. In addition, patients on enteral nutrition mayabe greater risk of
encounteringC.difficile infection during manipulation of the feeding syst&?%’ The
results in the NP model were consistent with ttezdiure which showed asthma, COPD,
ARDS and heart failure as risk factors for NP. Gensely, the higher risk of NP that was
seen with head of bed elevation, hypotension anayrofthe antibiotics is most likely
due reverse causality. Since the 24-hours lagwaseonly required between NP and the
main independent variable, it is most likely thet bccurrence of NP led to subsequent
elevation of bed head, initiation of antibiotic thgy and hypotension in cases of
concomitant sepsis. With regards to CDAD, certaitibgotics classes have been linked
to CDAD such as lincosamides, penicillins which wasen in this study by the HR above

1. On the other hand, metronidazole is used td €8AD, therefore, it is most likely
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that the observed relationship of higher risk ofAIDwith metronidazol¢HR: 2.85;
95% Cl, 2.22-3.67is a result of reverse causality. Finally, Itngportant to interpret the
covariates’ coefficients with caution as the pumosincluding the covariates was for
adjustment only. Therefore, since the intendedarebequestion was different than the
guestion answered by each covariate, the posgibfliitnequal groups and missing

confounders may exist.

The study has its strengths and limitations. Theeaisliagnosis strings and lab results
along with ICD9-codes increased the specificitpofcomes definition reflecting better
estimates of incidence rate and cumulative incide¢han the estimates that were based
only on ICD-9 code. For instance, ICD-9 codes fér &e based on the causative
microorganism but do not have information aboutltieation from which the infection
was acquired. Thus, availability of diagnosis gjsiincreased the specificity by
eliminating community-acquired cases more accwags#cond, the use of different
analytical methods to account for treatment sedadtias and unmeasured confounding
stressed the importance of using multiple methodiata analysis to provide a complete
picture of the relationship between the outcom&ds Rnd H2Bs use. In contrast, patients
past medical history as well as the differencagastitutional practices and clinician’s
characteristics were unavailable at the time ofahaysis. Therefore, the degree by
which such factors impact treatment choice andayé&occurrence is still an area for

future research.

In conclusion, each day, among each 1000 patieatreteived at least three days of
PPIs therapy or H2Bs, around eight patients wilaligp NP while two patients will
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develop CDAD. In this study, PPIs were associategd lwwer hazard of NP and higher
hazard of CDAD compared to H2Bs. However, both prgity score matching and IV
techniques showed that PPIs were only associatidhgher risk of CDAD compared to
H2Bs. Future research should focus not only oricafphg these results in different
cohorts and including more relevant covariatesabed on exploring the effect of
different outcomes definitions and different analgt methods for accounting for

treatment selection bias on the robustness ofdtee d
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Chapter VII. Discussion
This concluding discussion summarizes and integrihie results of the three papers. In

general, the use of stress ulcer prophylaxis wgls (86.4%). Around 83% of patients
have received SUP within 24 hours of stress uis&rfactors occurrence. The positive
association between SUP and most of stress ullefattors indicated that clinicians are
vigilant about finding these risk factors and prégsng SUP according to them. In
addition, the number of risk factors was also aljgter of SUP receipt. Proton pump
inhibitors were the most widely used SUP (49.8%pfeed by H2Bs (17.96%).
However, there was a gradual reduction in PPIgatibn over the five years from
52.4% to 46.8% that was accompanied by a graduedase in H2Bs utilization from
15.96% to 20.1% indicating a trend toward switchimgard H2Bs. While most of the
stress ulcer risk factors predicted SUP receipthaeical ventilation for more than 24
hours (OR=10.63, 99%CI: 9.84-11.49) and transptemmgdOR=13.28, 99%CI: 6.88-

25.66) were the strongest predictors.

Despite that clinicians take stress ulcer riskdextn their decision to proscribe SUP,

SUP drugs were administered to almost 80% of patiwho did not have any

documented risk factors of stress ulcer, duodeleal ugastric ulcer, unspecified ulcer,
gastritis, angiodysplasia, Dieulafoy’s lesion arars due to mucositis indicating that the
issue of overutilization still exists despite thege number of studies that raised this issue
in the literature. From a different angle, out 664109 patients who received at least one

dose of PPIs, H2Bs or sucralfate, almost 44% ahtdal not have any of the
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aforementioned conditions. This is of a great ingoace as this study found that each day
out of 1000 patients who received PPIs or H2Bstdeast three days , around 8 patients
develops NP and 2 develops CDAD. In current practoe of the objectives is to adjust
the existing therapies to maximize their benefitd minimize their risk. In this series of
papers, there were 20,024 patients who receivedrBé&tications each year without
indications with the almost 90% receiving PPIs antf2Bs. If 8 out of 1000 patients
develop NP each day, then approximately 146 caseggar can be avoided by
prescribing these medications to patients who aebd them. Similarly, around 40 cases
per year of CDAD can be averted by avoiding ovespribing these medications. The
calculations of these two numbers did not includeemts who received SUP only
because they were on mechanical ventilation far lean 24 hours or have received
NSAIDs. With the lack of evidence, the need for SWkhe two aforementioned groups

is an area where future research should be directed

In this series, PPIs were associated with high&IBlompared to H2Bs regardless of
the method used. In addition, PPIs were associgitdower risk of NP and no
difference in CDAD compared to H2Bs when the tiadil Cox proportional hazard
regression was used. However, PSM and IV showeddhbee was no difference between
the two therapeutic classes in terms of NP andednighk of CDAD with PPIs compared
to H2Bs. While observational studies representwexsld practice, two of their inevitable
drawbacks are residual confounding and lack of santteatment allocation. These
factors may have affected estimating the true effetween exposure and the outcomes.

However, the different analytical approaches sicRaM, IV and n-way sensitivity
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analyses provided a comprehensive picture for esitig the true effect in the presence
of such factors. One possible scenario for whaéen in this series of higher risk of
CIGIB and lower risk of NP with PPIs compared toBs24s the following: There was an
increase in the likelihood of receiving SUP asribenber of stress ulcer risk factors
increased. With the current trend of higher PPés tisere is a chance that patients will
receive PPIs more than H2Bs. Due to unavailahkaitthe data, history of Gl bleeding or
Gl ulceration were not captured. Therefore, whatrepts with these two conditions
enter the ICU, clinicians react by prescribing P&td put patients on extra care
measures such as close monitoring, implementaficare bundles or more experienced
staff...etc to prevent PPIs-induced pneumonia.réibes, patients on PPIs looked worse
in terms of CIGIB since history of Gl ulcerationldeeding was not included in CIGIB
regression model and looked better in terms of INEesthe extra care measures were not

included in NP regression model.

The picture looks slightly different with CDAD siat¢he evidence of PPIs-induced
CDAD in intensive care units was scarce during sfetiod. Therefore, because of the
weak relationship between PPIs, H2Bs and CDAD; ttrilikely that prevention of

CDAD has led to differential treatments betweenRRés group and the H2Bs group.

Future research should focus on the followingst fioetter identifying patient subgroups
at risk of developing stress ulcer in order to datee the eligibility of patients to SUP;
Second, the development, implementation and evatuaft different approaches that can
be used to reduce and eventually prevent SUP olzatibn; Third, replicating the
findings in different cohorts and including moréereant variables pertaining to patients
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past-medical history and care measures in ICUsttRpexploring the possibility of
higher risk of CIGIB with PPIs compared to H2Bsoilngh well-designed and well-
executed randomized controlled triple blind clihicgls with no funding or reporting
bias; Finally, exploring the effect of differenttoames definitions and different

analytical methods on the robustness of the result.
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APPENDIX I:

Appendix | Table 1: Definitions used in identifyingrisk factors of gastrointestinal bleeding.

Risk factors of Selection method Comments
gastrointestinal bleeding
due to stress ulcer
Mechanical Using a continuous variable: continuous invasive  From the
Ventilation > 24 hrs. ventilation duration ventilation data file
Coagulopathy Any of the followings during an ICU stay: From the

Traumatic Brain Injuries

Major Burns

Sepsis

Corticosteroid Therapy
> 250 mg of
hydrocortisone or
equivalent daily

Acute Renal Failure

Hepatic Failure

Transplantation

ICU stay of > 1 week

Multiple Trauma

Platelets 50,000 per/flan INR > 1.5, a PT > 50 sec

Any ICD-9 code:
800.0-801.9
803.0-804.9
850.0-854.1
950.1-950.3
959.01

Any ICD-9 code:
940.*-949.*

Any ICD-9 code:
038, 040.82, 599.0, 996.64, 998.5, 999.3

Any ICD-9 code:

584.*

Any ICD-9 code:

570.*

Using admission diagnosis string “operative
transplant”

From ICU length of stay variable that is availaisle
the raw data files
Using admission diagnosis string “multiple trauma”

hematology or
laboratory results
data file

From active
diagnosis file

From active
diagnosis file
From active
diagnosis file
Medications file

From active
diagnosis file
From active
diagnosis file
From the
APACHE
admission
diagnosis file
From APACHE
Patient Results file
From the
APACHE
admission
diagnosis file
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Appendix | Table 1, Continued

Risk factors of

gastrointestinal bleeding

due to stress ulcer

Selection method

Comments

Neurological

Injuries/Spinal Injuries

Surgery/Trauma

Using admission diagnosis string “spinal trauma”,
“spinal cord decompression”, “Spinal cord only
trauma”, “Spinal cord surgery, other”,
“Spinal/extremity trauma”, “Spinal/face trauma”,
“Abdomen/spinal trauma”

Or any ICD-9Code:

Coma:780.01, 780.03, 850.3, 850.4,

Embolic stroke:433, 434;

Encephalitis: 348.1, 348.4, 348.5

Hemorrhage: 430, 431, 432, 997.02, 997.09
Spinal cord injury:806, 952

Using admission diagnosis string “multiple trauma”

From the
APACHE
admission
diagnosis file and
active diagnosis
file

From the
APACHE
admission
diagnosis file

(INR) International normalized ratio, (PT) prothroimtime, (aPTT) partial thromboplastin time, (ICD-
9) International Classification of Diseases 9th,g¢tiCU) Intensive Care Unit, (APACHE) Acute
Physiology and Chronic Health Evaluation
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Appendix | Table 2: Definitions used in identifying Study Medications

Drug Category Identification Criteria

Antacids The Following HICL Sequence Numbers:
1157 ,1168 ,2297 ,1179 ,1172 ,1173 ,34705
,25628 ,1142 ,6046 ,589 ,1163,1152 ,5812 ,56
1153,21088, 22961 ,581 ,6428 ,580 ,582621
,37124 ,1184 ,1170 ,1329 ,609,24425 ,1316 ,5859
,1183 ,1185
Or The Following Drug Names:
FOAMING ANTACID, MAALOX TC, MG
TRISILICATE/AL HYDROX/AA, RI-GEL,
FOAMING ANTACID ES, MAG CARB/AL
HYDROX/ALGINIC AC, MG
TRISILICATE/ALH/NAHC O3/AA,
RI-GEL I,
FOAMING ANTACID MAX STRENGTH,
MAG HYDROX/AL HYDROX/SIMETH, MI ACID,
RI-MAG, GAS-X WITH MAALOX, MAG-AL, MI-
ACID DS, RI-MOX, GAVISCON, MAG-AL PLUS,
MI-ACID IlI, RI-MOX PLUS,
GELUSIL, MAG-AL PLUS XS, MILANTEX,
RIGINIC,GENATON, MAG-AL ULTIMATE
STRENGTH, MILK OF MAGNESIA, ROLAIDS,
GERI-LANTA, MAGALDRATE, MINT CREME
ANTACID, ROLAIDS EXTRA STRENGTH,
HEARTBURN ANTACID,
MAGALDRATE/SIMETHICONE, MINTOX, RON
ACID PLUS,HEARTBURN RELIEF, MAGALOX
PLUS, MINTOX MAXIMUM STRENGTH, RON-
ACID, HEARTBURN TABLET, MAGLOX,
MINTOX PLUS, RULOX, HI-CALCIUM,
MAGNESIA, MYLANTA, RULOX PLUS,
HIGH POTENCY CALCIUM, MAGNESIUM
CARBONATE/AL HYDROX,
MYLANTA DOUBLE STRENGTH, SMOOTH
ANTACID,
HM ANTACID, MAGNESIUM HYDRALUMINUM
HYDR, MYLANTA MAXIMUM STRENGTH,
SOOTHE, HM ANTACID/ANTIGAS,
MAGNESIUM HYDROXIDE, MYLANTA
SUPREME
ANTACID, SUPER CALCIUM, HM CALCIUM
MAGNESIUM, HYDROXIDE/AL HYDROX,
MYLANTA ULTRA, SUPREME ANTACID,
HM CALCIUM ANTACID, MALDROXAL,
MYLANTEX DOUBLE STRENGTH,
TITRALAC, HM MILK OF MAGNESIA,
MALDROXAL, ANTACIDANTI-GAS, NATURAL
O-S CAL, TITRALAC EXTRA STRENGTH,
LIQUID ANTACID, MALDROXAL PLUS,
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Appendix | Table 2, Continued

Drug Category Identification Criteria

OYSCAL 500, TITRALAC PLUS, MAALOX,
MASANTI, OYSCO-500, TUMS, MAALOX
ADVANCED, MASANTI ANTACID, OYST-CAL-
500, TUMS CALCIUM FOR LIFE, MAALOX MS,
MASANTI DOUBLE STRENGTH, OYSTER
SHELL, TUMS SMOOTHIES, MAALOX PLUS,
MASANTI Il, OYSTER SHELL CALCIUM, TUMS
ULTRA,
MAALOX PLUS EXTRA
STRENGTH, MEDI-MILK OF MAGNESIA,
PHILLIPS' MILK OF MAGNESIA,
ULTRA STRENGTH ANTACID,
MAALOX QUICK DISSOLVE, MEDICAL
RESOURCES, REMEGEL, UNI-LAN,
MAALOX RS, MG TRISILICATE/AL
HYDROX, Rl MAG PLUS, X-STRENGTH
ANTACID

Histamine-Type 2 Receptor Blockers The Following HICL Sequence Numbers:
4518 , 9793, 4517, 35085, 35107, 34357, 8965,
4522, 1232 , 4520, 4519 , 4521
Or The Drug Names:
ACID REDUCER FAMOTIDINE/NACL 0.9%,
RANITIDINE,
ACID RELIEF FAMOTIDINE/NORMAL SALINE,
RANITIDINE HCL,
AXID FAMOTIDINE/PF RANITIDINE
HCL/DIET.SUPP NO.17,
AXID AR GABITIDINE, RANITIDINE
HCL/DIET.SUPP NO.8, CIMETIDINE
HEARTBURN RANITIDINE HCL/NACL 0.45%,
CIMETIDINE HCL HEARTBURN 200
SENTRADINE,
CIMETIDINE HCL/NACL 0.9% HEARTBURN
PREVENTION, TAGAMET, CIMETIDINE IN
SODIUM CHLORIDE HEARTBURN RELIEF,
TAGAMET HB,
COMPLETE HM ACID REDUCER, TALADINE
DUAL ACTION, COMPLETE HM HEARTBURN
RELIEF, WAL-ZAN 150,
FAMOT/CALCIUM,
CARB/MAGNESIUM NIZATIDINE, WAL-ZAN 75
FAMOTIDINE, PEPCID, ZANTAC, FAMOTIDINE
IN SALINE,ISOOS/PF, PEPCID, AC ZANTAC 25,
FAMOTIDINE-NS, PEPCID, COMPLETE
ZANTAC 75,
FAMOTIDINE/CALCIUM,CARB/MAG, PEPCID
RPD

Proton Pump Inhibitors The Following Hicl Sequence Numbers:
20495, 17026 , 36085 , 21607, 25968 , 8993 ,3111
33512, 4673, 22008, 18847
Or The Drug Names:
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Appendix | Table 2, Continued

Drug Category Identification Criteria

ACIPHEX, NEXIUM, |.V. PREVPAC
DEXLANSOPRAZOLE, OMEPRAZOLE,
PRILOSEC,
ESOMEPRAZOLE MAG TRIHYDRATE,
OMEPRAZOLE MAGNESIUM, PRILOSEC OTC,
ESOMEPRAZOLE SODIUM,
OMEPRAZOLE/SODIUM BICARBONATE,
PROTONIX,KAPIDEX, PANTOPRAZOLE
SODIUM, PROTONIX IV, LANSOPRAZOLE,
PREVACID RABEPRAZOLE
SODIUM,LANSOPRAZOLE/AMOX TR/CLARITH
PREVACID IV ZEGERID

Sucralfate The Following HICL Sequence Numbers:
1186
Or The Drug Names:
CARAFATE SUCRALFATE

Cephalosporins The Following HICL Sequence Numbers:
25040 , 37021 , 33094, 26809 , 35282, 25040 ,26808
,26809 ,18548, 35848 , 10132, 37021, 3999 , 3984 ,
35169 , 8948 , 3998 , 3979, 33772, 6316 , 13429 ,
26488 , 26487 , 10246 , 3989 , 3988 , 3995 , 3996
33094 , 3992, 3991, 6012 , 25953 , 13908 , 3985 ,
3983, 22796, 3976 , 3998, 3978 , 6495, 3990,
22796 , 22980 , 37243

Or The Drug Names:
Cefaclor, Cefadroxil, Cefazolin, Cefdinir, Cefditen
Cefepime, Cefixime, Cefotaxime, Cefotetan,
Cefoxitin, Cefpodoxime, Cefprozil, Ceftaroline,
Ceftazidime, Ceftibuten, Ceftriaxone, Cefuroxime,
Cephalexin
Penicillins The Following HICL Sequence Numbers:
3946 ,3962 ,3963 ,3953 ,3952 ,3948 ,3938 ,3960
,17026 ,3956 ,5886 ,3957 ,6392 ,6077 ,3935 ,3940
,3938 ,3936 ,3942 ,18813 ,3944 ,3943 ,8738 ,3941
,3937 ,32900 ,3944 ,3966 ,3965
Or The Drug Names:
Amoxicillin, Ampicillin, Piperacillin, Ticarcillin,
Penicillin, Dicloxacillin, Nafcillin, Oxacillin
Other Beta Lactam The Following Hicl Sequence Numbers:
4053 ,6447 ,35075 ,23241 ,4054 ,6473 ,11254
Or The Drug Names:
Aztreonam, Dipenem, Ertapenem , Imipenem,
Meropenem
Flouroquinolones The Following HICL Sequence Numbers:
13446 ,6072 ,4124 ,6071,12383 ,12384 ,12383
, 16487 ,25388 ,4123
Or The Drug Names:
Ciprofloxacin, Gemifloxacin, Levofloxacin,
Moxifloxacin, Nfloxacin, Ofloxacin
Aminoglycosides The Following HICL Sequence Numbers:
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Appendix | Table 2, Continued

Drug Category

Identification Criteria

Lincosamides

Linezolid

Vancomycin

Macrolides

Metronidazole

Miscellaneous Antibiotics

Synercid

Tetracyclines

Anticoagulants

Antiplatelets

Thrombolytics

Corticosteroids

35990 ,4035 ,4032 ,4030 ,33290 ,34362 ,4028 ,4029
,4027 ,4034 ,16926 ,4033 ,5887

The Following HICL Sequence Numbers:

19818 ,4044 ,4045 ,4046, 17263 ,4043 ,4704

Or The Drug Names:

Clindamycin, Lincomycin

The Following HICL Sequence Numbers:

21157

Or The Drug Names:

Linezolid

The Following HICL Sequence Numbers:

37442 ,4042 ,10093

Or The Drug Names:

Vancomycin

The Following HICL Sequence Numbers:

,6334 ,6228 ,4021 ,4017 ,4018 ,4020 ,4022 ,37674
Or The Drug Names:

Azithromycin, Clarithromycin , Erythromycin

The Following HICL Sequence Numbers:

4156, 4157,

Or The Drug Names:

Metronidazole, Flagyl

The Following Hicl Sequence Numbers:

,4037 ,4050 ,4051 ,25673 ,4025 ,4089 ,4087
,4049,32986 ,36690

Or The Drug Names:

Tigecycline

The Following HICL Sequence Numbers:

20518

The Following HICL Sequence Numbers:

4010 ,4013 ,4014 ,4012 ,33822 ,4015,4003

Or The Drug Names:

DEMECLOCYCLINE, DOXYCYCLINE ,
MINOCYCLINE, TETRACYCLINE

The Following HICL Sequence Numbers:

,18559 ,21768 ,37946 ,5735 ,21872 ,10051 2368
,35604 ,7429 ,7878 ,23233 ,33314 ,8643 ,33442
,2808 ,2810,2807 ,18277 ,18682 ,537

The Following HICL Sequence Numbers:

1807 ,12474 ,1711 ,1790,14324 ,9655 ,18209916
,1942 34574 ,168 ,4576 ,1740 ,36159 ,35915
,37328 ,6232 ,18384 ,18386

Or The Drug Names:

Aspirin, Clopidogrel

The Following HICL Sequence Numbers:

2801 ,2805 ,21292

Or The Drug Names:

Alteplase, Tenecteplase, Reteplase Streptokinase
The Following HICL Sequence Numbers:

,2884 ,2860 ,389 ,2889 ,2888 ,2886 ,34381 ,2899
,2867 ,2863,2865 ,2866 ,2877 ,2876 ,2875 ,2874
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Appendix | Table 2, Continued

Drug Category

Identification Criteria

Immunosuppression

Non-Steroidal Anti-Inflammatory Drugs

Misoprostol

,2870 ,38114 ,2879 ,37106 ,2894 ,2893 ,36875
,36808

Or The Drug Names:

Betamethasone, Dexamethasone, Hydrocortisone,
Methylprednisolone, Prednisolone, Prednisone,
Triamcinolone

The Following HICL Sequence Numbers:

14404 ,10012 ,18603 ,23167 ,10798 ,8537 ,6068
,4528 ,6024 ,24819 ,25201 ,21367 ,8974 ,18747 ,4527
,20519 ,34870 ,20974 ,10280

Or “Immunosuppression” From The APACHE
Admission File

The Following HICL Sequence Numbers:

,1840 ,20420 ,8824 ,3733 ,1847 ,6089 ,3724 ,3728
,14296 ,3723 ,3718 ,3719 ,3736 ,5175 ,3730,1776
,12181 ,6311 ,36964 ,3727 ,3726 ,33195 ,3736 ,6620
,3732,1845 ,3729 ,3725

Or The Drug Names:

Diclofenac, Etodolac, Fenoprofen Flurbiprofen,
Ibuprofen, Indomethacin Ketoprofen, Ketolac,
Meclofenamate, Mefenamic, Meloxicam,
Nabumetone , Naproxen, Oxaprozin, Piroxicam,
Sulindac, Tolmetin

The Following HICL Sequence Numbers:
1187

Or The Drug Names:

Misoprostol
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Appendix | Table 3: Diagnosis Strings for Types oBleeding Included in Defining
Gastrointestinal Bleeding

Diagnosis Strings for Types of Bleeding Included

Gastrointestinal|Gl Bleeding / PUD

Admission Diagnosis|All Diagnosis|Non-Operativefpiasis|Gastrointestinal|Bleeding, GI From
Esophageal Varices/Portal Hypertension”

Admission Diagnosis|All Diagnosis|Non-Operative [iasis|Gastrointestinal|Bleeding, Gl-Location
Unknown"

Admission Diagnosis|All Diagnosis|Non-Operative [piasis|Gastrointestinal|Bleeding, Upper GI"
Admission Diagnosis|All Diagnosis|Operative|Diagsizastrointestinal|Bleeding-Other GI, Surgery For"
Admission Diagnosis|All Diagnosis|Operative|Diagafizastrointestinal|Bleeding-Upper GlI, Surgery For"
Admission Diagnosis|All Diagnosis|Operative|Diagsfizastrointestinal|Bleeding-Variceal, Surgery For
(Excluding Vascular Shunting-See Surgery For Pgdigsnic Shunt)"

Admission Diagnosis|All Diagnosis|Operative|Diagafi3astrointestinal| Complications Of Previous Gl
Surgery; Surgery For (Anastomotic Leak, Bleedingséess, Infection, Dehiscence, Etc.)
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Appendix | Table 4: Univariable analysis of patietls who did not have known indications for
receiving gastric acid modifying drugs or sucralfaé (n=285,251).

All
N=285,251
Characteristics Frequency Col%

GAMAS 227,919 79.9
Mechanical Ventilation for Less than 24 hours 20,940 7.3
Age

18 to 60 132,880 46.6

61 to 70 59,506 20.9

7110 80 52,393 18.4

80 to 90 40,472 14.2
Male 150,649 52.8
Race
Caucasian 216,182 75.8
African American 30,799 10.8
Hispanic 13,104 4.6
Native American 2,005 0.7
Asian 2,954 1
Other 20,207 7.1
Type of ICU
Mixed 136,027 47.7
Cardiovascular-Surgical 30,212 10.6
Coronary Care 56,907 19.9
Trauma 1,382 0.5
Surgical 21,516 7.5
Medical 22,279 7.8
Neuroscience 16,928 5.9
Medications

Anticoagulants 141,208 49.5

Antiplatelets 185,557 65.1

Thrombolytics 23,612 8.3

Coagulating Drugs 10,691 3.7

Non-Steroidal Anti-inflammatory Drugs 110,161 38.6

Misoprostol 563 0.2
Nutrition

No feeding 160,212 56.2

Enteral Nutrition 122,353 42.9

Parenteral Nutrition 895 0.3

Both 1,791 0.6
APACHE IV Score (Mean, SD) 44.40 19.2
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Appendix | Table 5:Bivariable anlysis of patientswho did not have known indications for
receiving SUP medications also known as GAMAS (n=8&51).

No GAMAS GAMAS
57,33
n= 2 n= 227,919
Col
Characteristics Freq. % Freq. Col % OR 99%Cl

Mechanical Ventilation for
Less than 24 hours 1,123 2 19,817 8.7 477 (3.31-6.86)
Age

18 to 60 28,655 50 104,225 45.7 Reference

61to 70 10,779 18.8 48,727 21.4 1.24 (1.15-1.34)

71to 80 9,823 17.1 42,570 18.7 1.19 (1.09-1.3)

80 to 90 8,075 14.1 32,397 14.2 1.1 (1.02-1.2)
Male 30,937 54 119,712 52.5 0.94 (0.88-1.01)
Race
Caucasian 43,108 75.2 173,074 75.9 Reference
African American 6,768 11.8 24,031 105 0.88 (0.73-1.07)
Hispanic 2,624 4.6 10,480 4.6 1 (0.83-1.2)
Native American 388 0.7 1,617 0.7 0.99 (0.82-1.2)
Asian 589 1 2,365 1 1.04 (0.76-1.41)
Other 3,855 6.7 16,352 7.2 1.06 (0.9-1.24)
Type of ICU
Mixed 29,061 50.7 106,966 46.9 Reference
Cardiovascular-Surgical 5,319 9.3 24,893 10.9 1.27 (0.78-2.07)
Coronary Care 12,24521.4 44,662 19.6 0.99 (0.74-1.33)
Trauma 386 0.7 996 0.4 0.7 (0.47-1.05)
Surgical 3,162 55 18,354 8.1 1.58 (1.08-2.3)
Medical 4,030 7 18,249 8 1.23 (0.77-1.98)
Neuroscience 3,129 5.5 13,799 6.1 1.2 (0.76-1.88)
Medications

Anticoagulants 22,252 38.8 118,956 52.2 1.72  (1.49-1.99)

Antiplatelets 31,001 54.1 154,556 67.8 1.79 (1.54-2.08)

Thrombolytics 3,189 5.6 20,423 9 1.67 (1.23-2.28)

Coagulating Drugs 972 1.7 9,719 4.3 258 (1.37-4.87)

Non-Steroidal Anti-
inflammatory Drugs 14,874 259 95287 41.8 2.05 (1.78-2.36)

Misoprostol 118 0.2 445 0.2 0.95 (0.6-1.51)
Nutrition

No feeding 31,663 55.2 128,549 56.4 Reference

Enteral Nutrition 25,304 441 97,049 426 0.94 (0.79-1.12)

Parenteral Nutrition 123 0.2 772 0.3 155 (1.11-2.14)

Both 242 0.4 1,549 0.7 1.58 (1.2-2.08)
APACHE IV Score (Mean,
SD) 40.79 18.38 45.30 19.35 1.01 (1.01-1.02)
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APPENDIX I1:

Appendix Il Table 1: Diagnosis Strings for Types oBleeding that excluded and included from
ICD-9 code 578. **

Types of bleeding excluded Types of bleeding inded

lower Gl bleeding Gl bleeding

lower Gl bleeding|aorto-enteric fistula upper Gl Heeding

lower Gl bleeding|colonic upper Gl bleeding due to unknown etiology
lower Gl bleeding|diverticular upper Gl bleeding due to ulcer

lower Gl bleeding|due to inflammation
lower Gl bleeding|due to ischemia
lower Gl bleeding|due to malignancy
lower Gl bleeding|post procedure
lower Gl bleeding|rectal

lower Gl bleeding|small intestinal
upper Gl bleeding|aorto-enteric
upper Gl bleeding|duodenal

upper Gl bleeding|esophagitis

upper Gl bleeding|hepato-biliary
upper Gl bleeding|post-procedure
upper Gl bleeding|tumor

lower Gl bleeding|postpartum
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Appendix Il Table 2: Patient-day Level Univariable Analysis of ICU patients who received PPIs
or H2Bs for three days.

Characteristics Univariable
Analysis
N= 356,147
Freq. Col %
Outcome Clinically Important Gastrointestinal Bleeding 424 0.1
Exposure Three Days of Proton Pump Inhibitors Use 258,01072.4
Three Days of Histamine-2 Receptors Blockers Use 98,137 27.6
Gender Male 194,466 54.6
Age 18 To 60 150,637 42.3
61 To 70 82,754 23.2
71 To 80 74,536 20.9
>81 48,220 13.5
Race Caucasian 268,387 75.4
African American 42,593 12
Hispanic 10,533 3
Native American 2,732 0.8
Asian 4,060 1.1
Others 27,842 7.8
ICU Type Mixed 166,624 46.8
Cardiovascular-Surgical 29,281 8.2
Coronary Care 62,179 17.5
Trauma 2,915 0.8
Surgical 30,842 8.7
Medical 35,010 9.8
Neuroscience 29,296 8.2
Nutrition No Feeding 111,734 31.4
Enteral Nutrition 200,449 56.3
Parenteral Nutrition 3,281 0.9
Both Enteral Nutrition and Parenteral Nutrition 40,683 11.4
Cancer 27,240 7.6
HIV 1,027 0.3
Cirrhosis 4,268 1.2
Immunosuppression 10,274 2.9
Intubated in the First 211,859 59.5
Day
Risk Factors Coagulopathy 100,379 28.2
Mechanical Ventilation > 24 Hours 263,892 74.1
Traumatic Brain Injury 20,584 5.8
Hepatic Failure 3,435 1
Hydrocortisone> 250 Mg / Day or Equivalent 17,534 4.9
Transplantation 629 0.2
Acute Myocardial Infarction 7,790 2.2
Sepsis 107,509 30.2
Neurological Injuries 63,204 17.7
Surgical And Multiple Trauma 78,274 22
Hypotension 113,247 31.8
Acute Renal Failure 115,080 32.3
Burns> 30% BSA 510 0.1
ICU LOS > 7 Days 170,787 48
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Appendix Il Table 2, Continued

Characteristics Univariable
Analysis
N= 356,147
Freq. Col %

Antacids 118,703 33.3

Antiplatelets 220,125 61.8

NSAIDs 200,282 56.2

Direct Admission 33,035 9.3

Floor 62,644 17.6

Other (Other Hospital or ICU, Recovery Room, Step- 32,378 9.1

Down Unit)

2009 80,598 22.6

2011 87,366 24.5

Physician Specialt Internal medicine 55,991 15.7

Hospitalist 30,700 8.6

Surgery-general 24,523 6.9

Family practice 18,665 5.2

Others 88,365 24.8
‘Teaching Hospital 114485 321
Continuous Variables APACHE Score IV 71 27.6644
9
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Appendix Il Table 3: Patient-Level Bivariable Analysis Comparing Three days use of PPIs to
Three days use of H2Bs among ICU patients.

Characteristics Bivariable Analyses
H2Bs PPls P-value
n= 20,517 n= 49,576
Freq. Col %  Freq. Col %
Outcome Clinically Important 63 0.3 361 0.7 <0.001
Gastrointestinal Bleedin¢
Gender Male 11,127 54.2 26,391 53.2 0.007
Age 18 To 60 8,505 41.5 18,648 37.6 <0.001
61 To 70 4,552 222 11,380 23
71To 80 4,316 21 11,130 22.5
>81 3,144 15.3 8,418 17
Race Caucasian 15,271 74.4 37,952 76.6 <0.001
African American 1,997 9.7 5985 12.1
Hispanic 586 2.9 1,461 2.9
Native American 112 0.5 405 0.8
Asian 273 1.3 591 1.2
Others 2,278 11.1 3,182 6.4
ICU Type Mixed 12,165 59.3 20,933 42.2 <0.001
Cardiovascular-Surgical 2,020 9.8 4,004 8.1
Coronary Care 2,907 14.2 10,139 20.5
Trauma 166 0.8 154 0.3
Surgical 1,065 5.2 4,809 9.7
Medical 1,074 5.2 5730 11.6
Neuroscience 1,120 5.5 3,807 7.7
Nutrition No Feeding 8,388 40.9 17,925 36.2 <0.001
Enteral Nutrition 11,256 54.9 27,778 56
Parenteral Nutrition 144 0.7 578 1.2
Both Enteral Nutrition 729 3.6 3,295 6.6
and Parenteral Nutrition
Cancer 1,465 7.1 4,037 8.1 <0.001
HIV 41 0.2 126 0.3 0.154
Cirrhosis 120 0.6 697 1.4 <0.001
Immunosuppression 507 2.5 1,882 3.8 <0.001
Intubated in the 11,173 545 25,326 51.1 <0.001
First Day
Risk Factors Coagulopathy 4,724 23 13,804 27.8 <0.001
Mechanical Ventilation > 12,686 61.8 29,668 59.8 <0.001
24 Hours
Traumatic Brain Injury 1,252 6.1 2,074 4.2 <0.001
Hepatic Failure 78 0.4 512 1 <0.001

Hydrocortisone> 250 758 3.7 1,912 3.9 0.536
Mg / Day or Equivalent

Transplantation 27 0.1 129 0.3 <0.001
Acute Myocardial 835 4.1 1,409 2.8 <0.001
Infarction

Sepsis 4,422 21.6 13,814 27.9 <0.001
Neurological Injuries 3,823 18.6 6,672 13.5 <0.001
Surgical And Multiple 5,549 27 10,635 21.5 <0.001
Trauma

Hypotension 5,060 24.7 13,689 27.6 <0.001
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Appendix Il Table 3, Continued

Characteristics Bivariable Analyses
H2Bs PPIs P-value
n= 20,517 n= 49,576
Freq. Col %  Freq. Col %
Acute Renal Failure 5,031 245 15,308 30.9 <0.001
Burns> 30% BSA 12 0.1 8 0 0.002
ICU LOS > 7 Days 7,270 35.4 19,337 39 <0.001
Medication Sucralfate 302 1.5 1,402 2.8 <0.001
Antacids 7,237 35.3 16,747 33.8 0.001
Anticoagulants 11,500 56.1 28,014 56.5 0.725
Antiplatelets 12,848 62.6 30,409 61.3 0.003
Thrombolytics 1,877 9.1 3,755 7.6 <0.001
NSAIDs 10,805 52.7 26,024 525 0.034
Admission Source Chest Pain Center 82 0.4 188 0.4 <0.001
Direct Admission 1,980 9.7 4,204 85
Emergency Room 10,332 50.4 25,020 50.5
Floor 2,580 12.6 8,662 17.5
Operating Room 3,984 19.4 7,603 15.3

Other (Other Hospital or 1,559 7.6 3,899 79
ICU, Recovery Room,
Step-Down Unit)

Year of Admission 2008 3,065 14.9 8,226 16.6 <0.001
2009 4,258 20.8 11,120 22.4
2010 5,243 25.6 12,035 24.3
2011 5111 249 12,534 25.3
2012 2,840 13.8 5661 11.4
Physician Specialty Internal medicine 2,307 11.2 9,708 19.6 <0.001
Pulmonary 4,025 19.6 8,170 16.5
Hospitalist 1,378 6.7 5169 104
Cardiology 1,710 8.3 3,362 6.8
Surgery-general 1,477 7.2 3,241 6.5
Critical care medicine 1,827 8.9 3,357 6.8
(ccwm)
Family practice 959 4.7 3,138 6.3
Surgery-cardiac 1,370 6.7 2042 41
Others 5,464 26.6 11,389 23
Teaching Hospital 9,726 47.4 11,467 23.1 <0.001
APACHE Score IV 66 26.82 69 26.93 <0.001
(Mean, SD)
Platelet Counts 161 78.84 154 85.57 <0.001
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Appendix Il Table 4: Patient-day Level Bivariable Analysis Comparing Three days use of PPIs
to Three days use of H2Bs among ICU patients.

Characteristics Bivariable Analyses
H2Bs PPls
n= 98137 n= 258,010

Freq. Col%  Freq. Col%  P-value

Clinically Important

Outcome Gastrointestinal Bleedinc 63 0.06 361 0.14 <0.001
Gender Male 54,059 55.1 140,407 54.4 <0.001
Age 18 To 60 45,472 46.3 105,165 40.8 <0.001
61 To 70 21,384 21.8 61,370 23.8
71 To 80 18,879 19.2 55,657 21.6
>81 12,402 12.6 35,818 13.9
Race Caucasian 74,083 75.5 194,304 75.3 <0.001
African American 9,534 9.7 33,059 12.8
Hispanic 2676 2.7 7,857 3
Native American 509 0.5 2,223 0.9
Asian 1,105 1.1 2,955 1.1
Others 10,230 10.4 17,612 6.8
ICU Type Mixed 59,647 60.8 106,977 41.5 <0.001
Cardiovascular-Surgical 8,388 8.5 20,893 8.1
Coronary Care 11,896 12.1 50,283 19.5
Trauma 1531 1.6 1,384 0.5
Surgical 5130 5.2 25,712 10
Medical 4,709 438 30,301 11.7
Neuroscience 6,836 7 22,460 8.7
Nutrition No Feeding 32,453 33.1 79,281 30.7 <0.001
Enteral Nutrition 57,474 58.6 142,975 55.4
Parenteral Nutrition 663 0.7 2,618 1

Both Enteral Nutrition
and Parenteral Nutrition 7,547 7.7 33,136 12.8

Cancer 6,537 6.7 20,703 8 <0.001
HIV 284 0.3 743 0.3 0.461
Cirrhosis 514 0.5 3,754 1.5 <0.001
Immunosuppression 1,860 1.9 8,414 3.3 <0.001
Intubated in the First
Day 59,566 60.7 152,293 59 <0.001
Risk Factors Coagulopathy 22,727 23.2 77,652 30.1 <0.001
Mechanical Ventilation >
24 Hours 72,393 73.8 191,499 74.2 <0.001
Traumatic Brain Injury 7,839 8 12,745 4.9 <0.001
Hepatic Failure 369 0.4 3,066 1.2 <0.001
Hydrocortisone> 250
Mg / Day or Equivalent 4,648 4.7 12,886 5 0.122
Transplantation 61 0.1 568 0.2 <0.001
Acute Myocardial
Infarction 2,648 2.7 5,142 2 <0.001
Sepsis 25,057 25.5 82,452 32 <0.001
Neurological Injuries 23,532 24 39,672 154 <0.001
Surgical And Multiple
Trauma 24,421 24.9 53,853 20.9 <0.001
Hypotension 28,861 29.4 84,386 32.7 <0.001
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Appendix Il Table 4, Continued

Characteristics Bivariable Analyses
H2Bs PPIs
n= 98137 n= 258,010
Freq. Col% Freq. Col%  P-value
Acute Renal Failure 26,573 27.1 88,507 34.3 <0.001
Burns> 30% BSA 309 0.3 201 0.1 <0.001
ICU LOS > 7 Days 45,158 46 125,629 48.7 <0.001
Medication Sucralfate 1,388 1.4 8,211 3.2 <0.001
Antacids 33,276 33.9 85,427 33.1 <0.001
Anticoagulants 56,244 57.3 153,288 59.4 <0.001
Antiplatelets 59,900 61 160,225 62.1 <0.001
Thrombolytics 9,254 94 23,119 9 <0.001
NSAIDs 54,467 55.5 145,815 56.5 0.123
Admission Source Chest Pain Center 370 0.4 725 0.3 <0.001
Direct Admission 10,102 10.3 22,933 8.9
Emergency Room 50,329 51.3 125,258 48.5
Floor 13,711 14 48,933 19
Operating Room 15,678 16 35,730 13.8

Other (Other Hospital or
ICU, Recovery Room,

Step-Down Unit) 7,947 8.1 24,431 9.5
Year of Admission 2008 15,459 15.8 47,222 18.3 <0.001
2009 20,750 21.1 59,848 23.2
2010 25,385 25.9 61,085 23.7
2011 23,826 24.3 63,540 24.6
2012 12,717 13 26,315 10.2
Physician Specialty Internal medicine 8,980 9.2 47,011 18.2 <0.001
Pulmonary 22,334 22.8 50,499 19.6
Hospitalist 5889 6 24811 9.6
Cardiology 6,077 6.2 15,986 6.2
Surgery-general 7,200 7.3 17,323 6.7
Critical care medicine
(ccwm) 10,089 10.3 18,578 7.2
Family practice 3,784 3.9 14,881 5.8
Surgery-cardiac 5,025 5.1 9,315 3.6
Others 28,759 29.3 59,606 23.1
Teaching Hospital 52,215 53.2 62,270 24.1 <0.001
APACHE Score IV 68 27.509 72 27.643 <0.001
Platelet Counts 248 135.72 227 133.4 <0.001

Instrumental variable analysis:

Objective: To construct an IV that is highly coated with the receipt of PPIs for three
days and uncorrelated with unmeasured factoraigtinfluence the occurrence of

CIGIB.
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While the first condition can be tested, the secomalition can only be supported by the
literature and the logic used in constructing teThe chosen IV was being in a PPI unit
defined as a unit that prescribed PPIs to at B@&t of patients. When at least 90% of
patients receive PPIs, it is most likely that présieg decision was related to the ICU
practice rather than patients’ characteristicseré&fore, such IV should suffice the two
aforementioned conditions. The cutoff of 90% wassem to reflect this logic i.e. being

in a PPI1 unit should be highly correlated with theeipt of PPIs. In addition, it reduces
the possibility that the 1V is associated with ampbserved factor that may influence
CIGIB. Although this assumption cannot be testhd,results from the IV analysis can
be used as an affirmative approach for the maitysisaln constructing this IV, number
of patients in each unit per calendar year wasraeted to form the denominator. Next,
number of patients who received PPIs in each dethmits formed the numerator which

was multiplied by 100 to calculate the percentage.

The model used in the first stage:

Logit {Pr (Y=1)}= Bo+B1PPIUNIT90 +B2DEMOG +B3SURF +34CONDITIONS 45

ICUTYPE+B6PHYSICIAN +B7TEACHING+

Where:

PPIUNIT90: A dummy variable for being in an ICU tipaescribed PPIs to at least 90%

of the patients.

DEMOG: A vector of categorical variables for pat@memographics (gender, race,

age).
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SURF: A vector of dummy variables for stress ultgk factors (mechanical ventilation

> 24 hrs. , coagulopathy, major head injuries, majons, sepsis, corticosteroids therapy
> 250 mg of hydrocortisone or equivalent daily, teawenal failure, hepatic failure,
transplantation, neurological injuries, hypotensmgurgery or trauma, or ICU LOS > 1

week)

CONDITIONS: A vector of dummy variable for condiis that may affect treatment

selection (enteral nutrition, immunosuppression)

ICUTYPE: A categorical variable for ICU type (medlicsurgical, mixed, trauma,

cardiovascular and neurosciences)

PHYSICIAN: A categorical variable for physician spdty ( Internal medicine,
pulmonary, hospitalist, cardiology, surgery-genecatical care medicine, family

practice, surgery-cardiac, others)

TEACHING: A dummy variable for the teaching statiighe admitting hospital.

Testing the presence of the correlation betweenMtend the receipt of PPIs for three

days:

The two-stage least square (2SLS) method was oseldulate partial F-statistics which
determines whether or not the 1V add any signifieadition to the model of the first

stage. As a rule of thumb, if the F-test that sager than 10 then it is strongly correlated
with the exposure. Although the 2SLS method shoulg be used when the exposure is

a continuous variable, the partial F-statistid gtibvides a valid estimation for the

162



strength of the correlation between the exposudetlaa IV. In our analysis, the partial F-
statistic, adjusted for the clustering effect a tmit, was 53.54 indicating a strong
correlation between the IV and the receipt of H®Mshree days. This strong correlation
corresponded to an adjusted OR of 13.44 (95%C02L06.54) in the first stage

multivariable logistic regression model (AppendiX &ble 5).

Appendix Il Table 5: : Model for predicting Three use of PPIs vs Three use of H2Bs using
Instrumental variable Technique

Characteristics OR 95%CI

1\ ICUs that prescribed to 90% of patients or 13.44**  [10.92,16.54]
more PPls

Gender Female Reference
Male 0.951 [0.899,1.007]

Age 18 To 60 Reference
61 To 70 1.198**  [1.101,1.304]
71 To 80 1.181**  [1.084,1.288]
>81 1.121* [1.020,1.233]

Race Caucasian Reference
African American 0.985 [0.851,1.141]
Hispanic 1.035 [0.788,1.361]
Native American 1.128 [0.886,1.435]
Asian 1.864** [1.243,2.794]
Others 0.673***  [0.539,0.840]

ICU Type Mixed Reference
Cardiovascular-Surgical 0.341** [0.179,0.649]
Coronary Care 0.845 [0.598,1.194]
Trauma 0.827 [0.624,1.096]
Surgical 0.992 [0.645,1.526]
Medical 0.526***  [0.415,0.665]
Neuroscience 0.975 [0.638,1.492]

Nutrition No Feeding Reference
Enteral Nutrition 1.147 [0.953,1.381]
Parenteral Nutrition 1.800***  [1.429,2.266]

Cirrhosis 2.368***  [1.691,3.314]

Immunosuppressi 1.681**  [1.359,2.078]

on

Risk Factors Coagulopathy 1.371**  [1.268,1.483]
Mechanical Ventilation > 24 Hours 1.065 [0.978,1.159]
Traumatic Brain Injury 0.931 [0.741,1.171]
Hepatic Failure 2.770**  [1.864,4.116]
Hydrocortisone> 250 Mg / Day or Equivalent 1.077 [0.917,1.266]
Acute Myocardial Infarction 0.574**  [0.460,0.717]
Sepsis 1.142** [1.044,1.248]
Neurological Injuries 0.629***  [0.550,0.720]
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Appendix Il Table 5, Continued

Characteristics OR 95%ClI
Surgical And Multiple Trauma 0.746***  [0.664,0.838
Hypotension 0.997 [0.909,1.094]
Acute Renal Failure 1.338**  [1.240,1.444]

Medication Sucralfate 2.605***  [1.909,3.555]
Antacids 1.031 [0.936,1.135]
NSAIDs 1.048 [0.929,1.182]

Physician Internal medicine Reference

Specialty
Pulmonary 0.492**  [0.410,0.590]
Hospitalist 0.626***  [0.523,0.750]
Cardiology 0.617**  [0.502,0.758]
Surgery-general 0.602***  [0.485,0.748]
Critical care medicine 0.477**  [0.336,0.676]
Family practice 0.701***  [0.588,0.834]
Surgery-cardiac 0.372***  [0.260,0.533]
Others 0.500***  [0.433,0.578]

Teaching Hospital 0.495**  [0.406,0.603]

Observations 356147

* p<0.05, ** p<0.01, *** p<0.001, IV: Instrumentalariable, ICUs: Intensive Care
Units, PPIs: Proton Pump Inhibitors, NSAIDs: Nomi®idal Anti-inflammatory

The C-statistic which measures the ability of theded to discriminate patients who
received PPIs for three days vs. patients who veddi2Bs for three days at each time
point was 0.798% indicating an acceptable levaisérimination. Even when a patient-
level file was used to run the model the C-statistiowed an acceptable discrimination
with a value of 0.77. The residuals calculated ftbmfirst stage were Pearson’s

residuals adjusted for the number of patients wWizoes the same covariate patt&tn
The model for the'? stage:

Log h(t)= loglo(t) + BLPPISVSH2Bs $2PRESIDUALS +33SURF +
B4CONDITIONS1 5 MEDS+B6PHYSICIAN +B7ADMISSIONS+BSYEAR+
BOAPACHEIV+B10PLT

Where:
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PPISVSH2Bs: Three days of PPIs therapy vs. Thrge obH2Bs therapy.

PRESIDUALS: Pearson’s Residuals adjusted for thebar of patients sharing the same

covariates pattern.

CONDITIONSZ1: A vector of dummy variables for condits that may influence risk of

CIGIB ( Cancer, HIV/AIDS, cirrhosis and immunosuegsion)

MEDS: A vector of dummy variables for therapeutasses that may influence risk of

CIGIB (Sucralfate, antacids, anticoagulants, atgtgbets, thrombolytics and NSAIDS)

ADMISSIONS: A categorical variable for admissioruste (Direct admission, chest pain
center, emergency room, floor, operating room &hers (other hospital or ICU,

recovery room, step-down unit))

YEAR: A categorical variable for year of admission

APACHEIV: A continuous variable for APACHE-IV score

PLT: A continuous variable for platelet counts.

Model fit was assessed by comparing the concordahCex-Snell residuals and
Nelson-Aalen cumulative hazard which indicates gadiel fit to the data. Based on
figure (1), the model fits very well for the majiyrof patients with ICU length of stay

less than 19 who represented 90% of the whole sampl
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Appendix Il Table 6: Cox Proportional Hazard model for the effect of the receipt of Three days

PPIs vs. Three days H2Bs using the Two Stage Resadsiinclusion Method.

Characteristics HR 95%ClI
Exposure Three-day use of PPIs vs. Three-day use of 2.374*** [1.608,3.505]
H2Bs
Residuals Pearson's Residual 0.955**  [0.928,0.983]
Cancer 1.299 [0.951,1.775]
HIV/AIDS 0.99 [0.234,4.183]
Cirrhosis 1.321 [0.717,2.433]
Immunosuppression 0.837 [0.509,1.377]
Intubated in the First 0.801 [0.613,1.045]
Day
Risk Factors Coagulopathy 1.168 [0.922,1.481]
Mechanical Ventilation > 24 Hours 0.786 [0.609,1.014]
Traumatic Brain Injury 0.644 [0.284,1.457]
Hepatic Failure 1.215 [0.712,2.076]
Hydrocortisone> 250 Mg / Day or Equivalent 1.096 [0.699,1.716]
Acute Myocardial Infarction 1.412 [0.790,2.523]
Sepsis 1.022 [0.799,1.308]
Neurological Injuries 0.926 [0.675,1.270]
Surgical And Multiple Trauma 0.460* [0.245,0.863]
Hypotension 1.21 [0.942,1.554]
Acute Renal Failure 1.610** [1.304,1.987]
Medication Sucralfate 3.114**  [2.032,4.772]
Antacids 0.925 [0.738,1.160]
Anticoagulants 0.809 [0.613,1.068]
Antiplatelets 1.393* [1.049,1.849]
Thrombolytics 0.889 [0.615,1.285]
NSAIDs 0.958 [0.763,1.203]
Admission Source Direct Admission .
Chest Pain Center 1.157 [0.210,6.357]
Emergency Room 1.381 [0.958,1.993]
Floor 1.33 [0.876,2.018]
Operating Room 2.077 [0.970,4.446]
Other (Other Hospital or ICU, Recovery Room, 1.135 [0.674,1.910]
Step-Down Unit)
Year of Admission 2008 .
2009 1.378 [0.971,1.954]
2010 1.436* [1.012,2.037]
2011 1.269 [0.907,1.777]
2012 1.171 [0.737,1.861]
Physician Specialty Internal medicine .
Pulmonary 1.298 [0.931,1.808]
Hospitalist 1.095 [0.729,1.644]
Cardiology 0.826 [0.492,1.389]
Surgery-general 0.737 [0.407,1.336]
Critical care medicine 1.506* [1.015,2.234]
Family practice 1.267 [0.782,2.053]
Surgery-cardiac 0.85 [0.415,1.739]
Others 1.086 [0.786,1.502]
Continuous Variables ~ APACHE Score IV 1.004* [1.001,1.008]
Platelet Counts 0.998** [0.997,0.999]
Observations 356147
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Appendix Il Figure 1: Model fit for the effect of the receipt of Three days PPIs vs. Three days
H2Bs using the Two Stage Residuals inclusion Method

Model Fit Model Fit
Time <=12 ; 75% of the sample Time <=19 ; 90% of the sample
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Propensity Score matching:

Appendix Il Figure 1: Covariate Balance before andafter Performing One to One Matching
with No Replacement

¢ ® Unmatched
.......... [ EEESESERSRERSSREREE RS S S S S S S S SRS S S S SRR S S RS RS S S S REE, RS S B 4 Matched

T T T T T
-60 -40 -20 0 20
Standardized % bias across covariates

Appendix Il Figure 2: Propensity Score Distribution among patients who received Proton Pump
Inhibitors for Three days, labeled as Treated, anghbatients who received Histamine Type-2 receptor
Blockers for three days (labeled as untreated)

T T

.2 4 .6 .8 1
Propensity Score
I untreated I Treated: On support
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Appendix Il Table 7: Covariate Distribution Before and After performing one to one matching
with not replacement.

Characteristics Mean %bias % of Biast-test
PPIs H2Bs Reduction
n= n= t p>|t|
11,588 11,588
Male Unmatched 0.532 0.542 -2.000 -2.410 0.016
Matched 0.534 0.536 -0.300 85.300 -0.220 0.823
Age 18 To 60 Unmatched 0.376 0.415 -7.900 -9.500 0.000
Matched 0.383 0.380 0.700 91.200 0.530 0.598
61 To 70 Unmatched 0.230 0.222 1.800 2.210 0.027
Matched 0.233 0.233 0.200 91.000 0.120 0.901
71 To 80 Unmatched 0.225 0.210 3.400 4.110 0.000
Matched 0.218 0.227 -2.200 37.100 -1.630 0.104
>81 Unmatched 0.170 0.153 4.500 5.380 0.000
Matched 0.165 0.160 1.300 70.800 1.000 0.319
Race Caucasian Unmatched 0.766 0.744 4.900 5.980 0.000
Matched 0.763 0.755 1.700 65.400 1.310 0.192
African Unmatched 0.121 0.097 7.500 8.870 0.000
American
Matched 0.107 0.110 -1.200 83.400 -0.950 0.342
Hispanic Unmatched 0.029 0.029 0.500 0.650 0.516
Matched 0.031 0.031 -0.100 81.000 -0.080 0.940
Native Unmatched 0.008 0.005 3.300 3.820 0.000
American
Matched 0.006 0.007 -1.600 52.200 -1.210 0.227
Asian Unmatched 0.012 0.013 -1.200 -1.510 0.131
Matched 0.013 0.014 -0.500 56.400 -0.400 0.689
Others Unmatched 0.064 0.111 -16.600 -21.120 0.000
Matched 0.080 0.082 -0.500 97.100 -0.380 0.700
ICU Type Mixed Unmatched 0.422 0.593 -34.600 -41.690 0.000
Matched 0.515 0.516 -0.200 99.300 -0.180 0.854
Cardiovascul Unmatched 0.081 0.098 -6.200 -7.610 0.000
ar-Surgical
Matched 0.091 0.092 -0.300 94.600 -0.250 0.802
Coronary Unmatched 0.205 0.142 16.700 19.500 0.000
Care
Matched 0.173 0.173 -0.100 99.500 -0.070 0.945
Trauma Unmatched 0.003 0.008 -6.700 -8.910 0.000
Matched 0.005 0.005 0.100 98.300 0.100 0.924
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Appendix Il Table 7, Continued

Characteristics Mean %bias % of Biast-test
PPIs H2Bs Reduction
n= n= t
11,588 11,588
Surgical Unmatched 0.097 0.052 17.200 19.660
Matched 0.074 0.073 0.600 96.700 0.430
Medical Unmatched 0.116 0.052 22.900 25.850
Matched 0.072 0.073 -0.500 97.700 -0.430
Neuroscience Unmatched 0.077 0.055 9.000 10.470
Matched 0.070 0.067 1.000 89.100 0.730
Nutrition No Feeding  Unmatched 0.362 0.409 -9.700 -11.770 0.000
Matched 0.394 0.403 -1.900 80.100 -1.460
Enteral Unmatched 0.552 0.517 7.000 8.390
Nutrition
Matched 0.523 0.530 -1.500 78.600 -1.130
Parenteral Unmatched 0.046 0.023 12.200 13.860
Nutrition
Matched 0.031 0.030 0.700 94.200 0.570
Cancer Unmatched 0.076 0.066 3.700 4.450
Matched 0.071 0.070 0.300 91.900 0.230
HIV Unmatched 0.002 0.002 1.200 1.370
Matched 0.002 0.002 0.200 83.600 0.140
Cirrhosis Unmatched 0.014 0.006 8.300 9.220
Matched 0.008 0.008 -0.200 97.900 -0.150
Neutrope Unmatched 0.062 0.079 -6.600 -8.180
nia
Matched 0.064 0.065 -0.400 93.400 -0.350
Thrombo Unmatched 0.204 0.136 18.200 21.260
cytopenia
Matched 0.159 0.167 -2.100 88.700 -1.580
Immunos Unmatched 0.037 0.024 7.400 8.560
uppressio
n
Matched 0.031 0.031 0.100 98.600 0.080
Intubated Unmatched 0.511 0.545 -6.800 -8.130
in the
First Day
Matched 0.526 0.531 -1.100 84.100 -0.820
Risk Coagulopathy Unmatched 0.278 0.230 11.100 13.180
Factors
Matched 0.253 0.253 0.100 99.500 0.050
Mechanical Unmatched 0.598 0.618 -4.100 -4.900
Ventilation >
24 Hours
Matched 0.607 0.606 0.100 98.300 0.050
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Appendix Il Table 7, Continued

Characteristics Mean %bias % of Biast-test
PPIs H2Bs Reduction
n= n= t p>|t|
11,588 11,588
Traumatic Unmatched 0.042 0.061 -8.700 -10.880 0.000
Brain Injury
Matched 0.046 0.044 1.000 88.300 0.820 0.411
Hepatic Unmatched 0.010 0.004 7.800 8.610 0.000
Failure
Matched 0.005 0.005 0.600 92.100 0.560 0.573
Hydrocortiso Unmatched 0.039 0.037 0.900 1.020 0.307
ne > 250 Mg
/ Day or
Equivalent
Matched 0.038 0.036 1.000 -11.700 0.730 0.464
Acute Unmatched 0.028 0.041 -6.700 -8.410 0.000
Myocardial
Infarction
Matched 0.038 0.037 0.200 96.500 0.170 0.863
Sepsis Unmatched 0.279 0.216 14.700 17.370 0.000
Matched 0.239 0.248 -2.100 85.900 -1.580 0.115
Neurological Unmatched 0.135 0.186 -14.100 -17.510 0.000
Injuries
Matched 0.146 0.142 1.100 92.000 0.900 0.370
Surgical And Unmatched 0.215 0.270 -13.100 -16.020 0.000
Multiple
Trauma
Matched 0.246 0.251 -1.200 91.100 -0.880 0.378
Hypotension Unmatched 0.276 0.247 6.700 8.030 0.000
Matched 0.251 0.258 -1.600 76.000 -1.240 0.216
Acute Renal Unmatched 0.309 0.245 14.200 16.910 0.000
Failure
Matched 0.270 0.274 -0.900 93.600 -0.690 0.488
ICUlos>7  Unmatched 0.011 0.010 1.100 1.310 0.190
days
Matched 0.011 0.011 -0.300 69.200 -0.260 0.798
Medicatio Sucralfate Unmatched 0.023 0.013 8.100 9.220 0.000
ns
Matched 0.018 0.018 -0.100 99.200 -0.050 0.960
Antacids Unmatched 0.277 0.297 -4.400 -5.340 0.000
Matched 0.292 0.292 0.100 98.700 0.040 0.965
Anticoagulant Unmatched 0.496 0.491 1.000 1.200 0.228
S
Matched 0.495 0.493 0.400 60.300 0.300 0.763
Antiplatelets Unmatched 0.556 0.566 -2.000 -2.400 0.016
Matched 0.572 0.567 1.100 46.000 0.820 0.411
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Appendix Il Table 7, Continued

Characteristics Mean %bias % of Biast-test
PPIs H2Bs Reduction
n= n= t p>|t|
11,588 11,588
Thrombolytic Unmatched 0.051 0.070 -7.800 -9.730  0.000
S
Matched 0.060 0.064 -1.600 80.100 -1.170 0.240
NSAIDs Unmatched 0.470 0.491 -4.000 -4.870 0.000
Matched 0.469 0.468 0.200 94.400 0.170 0.864
Admissio  Direct Unmatched 0.004 0.004 -0.300 -0.400 0.691
n Source  Admission
Matched 0.005 0.004 1.900 -490.700 1.330 0.185
Chest Pain Unmatched 0.085 0.097 -4.100 -4.970 0.000
Center
Matched 0.086 0.086 -0.100 97.100 -0.090 0.925
Emergency  Unmatched 0.505 0.504 0.200 0.260 0.791
Room
Matched 0.498 0.493 0.900 -301.100 0.670 0.503
Floor Unmatched 0.175 0.126 13.700 16.110 0.000
Matched 0.152 0.150 0.500 96.700 0.350 0.727
Operating Unmatched 0.153 0.194 -10.800 -13.250 0.000
Room
Matched 0.180 0.189 -2.300 78.400 -1.730 0.084
Other (Other Unmatched 0.079 0.076 1.000 1.200 0.232
Hospital or
ICU,
Recovery
Room, Step-
Down Unit)
Matched 0.080 0.078 0.700 28.700 0.540 0.591
Year of 2008 Unmatched 0.166 0.149 4.500 5.420 0.000
Admissio
n
Matched 0.154 0.152 0.500 89.000 0.380 0.701
2009 Unmatched 0.224 0.208 4,100 4.880 0.000
Matched 0.213 0.215 -0.400 90.200 -0.300 0.761
2010 Unmatched 0.243 0.256 -3.000 -3.570 0.000
Matched 0.249 0.249 -0.100 98.000 -0.050 0.964
2011 Unmatched 0.253 0.249 0.900 1.030 0.303
Matched 0.254 0.250 0.900 -9.200 0.710 0.477
2012 Unmatched 0.114 0.138 -7.300 -8.950 0.000
Matched 0.131 0.135 -1.200 83.600 -0.890 0.373
Physician Internal Unmatched 0.196 0.112 23.200 26.790 0.000
Specialty medicine
Matched 0.157 0.154 0.800 96.400 0.640 0.525
Pulmonary Unmatched 0.165 0.196 -8.200 -9.980 0.000
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Appendix Il Table 7, Continued

Characteristics Mean %bias % of Biast-test
PPIs H2Bs Reduction
n= n= t p>t|
11,588 11,588
Matched 0.177 0.180 -0.900 89.000 -0.690 0.493
Hospitalist Unmatched 0.104 0.067 13.300 15.380 0.000
Matched 0.084 0.085 -0.400 96.700 -0.330 0.741
Cardiology Unmatched 0.068 0.083 -5.900 -7.220  0.000
Matched 0.080 0.082 -0.800 87.200 -0.550 0.580
Surgery- Unmatched 0.065 0.072 -2.600 -3.180 0.001
general
Matched 0.071 0.073 -0.800 70.000 -0.580 0.560
Critical care  Unmatched 0.068 0.089 -7.900 -9.830 0.000
medicine
(CCM)
Matched 0.073 0.076 -0.900 89.100 -0.670 0.500
Family Unmatched 0.063 0.047 7.300 8.510 0.000
practice
Matched 0.060 0.059 0.100 98.400 0.080 0.934
Surgery- Unmatched 0.041 0.067 -11.300 -14.340 0.000
cardiac
Matched 0.053 0.056 -1.500 87.200 -1.100 0.272
Others Unmatched 0.230 0.266 -8.500 -10.320 0.000
Matched 0.24577 0.23481 25 70 1.95 0.051
APACHE Unmatched 69.267 65.672 13.400 16.100 0.000
Score IV
Matched 66.982  67.519 -2.000 85.100 -1.530 0.126
Platelet Unmatched 168.090 171.790 -4.200 -4.980 0.000
Counts
Matched 172.160 171.260 1.000 75.900 0.760 0.448
Teaching Unmatched 0.231 0.474 -52.500 -65.590 0.000
Hospital
Matched 0.333 0.332 0.200 99.700 0.130 0.900
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Appendix Il Table 8: The Hazard ratio and 95% Confidence Intervals for the effect of Three-

day use of PPIs compared to Three-day use of H2Bdjasting for an unmeasured dichotomous
confounder with a hazard ratio of 2.

Po
P, 0.0 0.1 0.2 0.3 0.4 0.5
0.0 1.97
(1.46,2.63)
0.1 1.79 1.97
(1.33,2.39) (1.46,2.63)
0.2 1.64 1.81 1.97
(1.22,2.19) (1.34,2.41) (1.46,2.63)
0.3 1.52 1.67 1.82 1.97
(1.12,2.02) (1.24,2.23) (1.35,2.43) (1.46,2.63)
0.4 1.41 1.55 1.69 1.83 1.97
(1.04,1.88) (1.15,2.07) (1.25,2.25) (1.36,2.44) (1.46,2.63)
0.5 1.31 1.44 1.58 1.71 1.84 1.97
(0.97,1.75) (1.07,1.93) (1.17,2.1) (1.27,2.28) (1.36,2.45) (1.46,2.63)
0.6 1.23 1.35 1.48 1.60 1.72 1.85
(0.91,1.64) (1.00,1.81) (1.1,1.97) (1.19,2.14) (1.28,2.3) (1.37,2.47)
0.7 1.16 1.27 1.39 1.51 1.62 1.74
(0.86,1.55) (0.94,1.7) (1.03,1.86) (1.12,2.01) (1.2,2.17) (1.29,2.32)
0.8 1.09 1.20 1.31 1.42 1.53 1.64
(0.81,1.46) (0.89,1.61) (0.97,1.75) (1.05,1.9) (1.14,2.05) (1.22,2.19)
0.9 1.02 1.14 1.24 1.35 1.45 1.56
(0.76,1.37) (0.85,1.52) (0.92,1.66) (1.00,1.8) (1.08,1.94) (1.15,2.08)
1.0 0.95 1.08 1.18 1.28 1.38 1.48
(0.76,1.37) (0.8,1.45) (0.88,1.58) (0.95,1.71) (1.02,1.84) (1.08,1.97)

P, and R are the prevalence of the unmeasured confoundbeirl2Bs group and the PPIs group,
respectively; PPIs: Proton Pump Inhibitors; H2B&stémine Type-2 Receptors Blockers

Red color: higher risk of CIGIB with PPIs; GreerlaroNo difference between PPIs and H2Bs; Blue:
lower risk of CIGIB with PPIs.
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APPENDIX II1:

Nosocomial Pneumonia:

Appendix Il Table 1: Diagnosis Strings for Types & pneumonia that will be excluded and
included from ICD-9 code 481-486

ICD-9 code Diagnosis strings to be excluded ICD-®&de Diagnosis strings to be included
481 infectious diseases|chest/pulmona 481 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialhospital
acquired|bacterial|pneumococcus acquired (not ventilator
associated)|bacterial|pneumococcus
481 pulmonary|pulmonary 481 pulmonary|pulmonary
infections|pneumoniajcommunity- infections|pneumonialventilator-
acquired|bacterial|pneumococcus associated|bacterial|pneumococcus
482.2 infectious diseases|chest/pulmona 482.2 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialhospital
acquired|bacterial|H influenzae acquired (not ventilator-
associated)|bacterial|H influenzae
482.2 pulmonary|pulmonary 482.2 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialventilator-
acquired|bacterial|H influenzae associated|bacterial|H influenzae
482.31 infectious diseases|chest/pulmona 482.31 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialhospital
acquired|bacterial|group A strep acquired (not ventilator-
associated)|bacterial|group A strep
482.31 pulmonary|pulmonary 482.31 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialventilator-
acquired|bacterial|group A strep associated|bacterial|group A strep
482.41 infectious diseases|chest/pulmona 482.41 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialhospital
acquired|bacterial|staph aureus acquired (not ventilator-
associated)|bacterial|staph aureus
482.41 pulmonary|pulmonary 482.41 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialventilator-
acquired|bacterial|staph aureus associated|bacterial|staph aureus
482.83 infectious diseases|chest/pulmona 482.83 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialhospital
acquired|bacterial|gram negative r acquired (not ventilator-
associated)|bacterial|gram negative
rod
482.83 pulmonary|pulmonary 482.83 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialventilator-
acquired|bacterial|gram negative rod associated|bacterial|gram negative
rod
482.84 infectious diseases|chest/pulmona 482.84 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialhospital
acquired|legionella acquired (not ventilator-
associated)|legionella
482.84 pulmonary|pulmonary 483.0 pulmonary|pulmonary
infections|pneumoniajcommunity- infections|pneumonialhospital
acquired|legionella acquired (not ventilator-
associated)|mycoplasma
483.0 infectious diseases|chest/pulmona 483.0 pulmonary|pulmonary

infections|pneumonialcommunity-
acquired|mycoplasma

infections|pneumonialventilator-
associated|mycoplasma
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Appendix Ill Table 1, Continued

ICD-9 code Diagnosis strings to be excluded ICD-&de Diagnosis strings to be included
483.0 pulmonary|pulmonary 486 infectious
infections|pneumonialcommunity- diseases|chest/pulmonary
acquired|mycoplasma infections|pneumonia
483.1 infectious diseases|chest/pulmona 486 infectious
infections|pneumonialcommunity- diseases|chest/pulmonary
acquired|chlamydial infections|pneumonialhospital
acquired (not ventilator-associated)
483.1 pulmonary|pulmonary 486 infectious
infections|pneumoniajcommunity- diseases|chest/pulmonary
acquired|chlamydial infections|pneumonialopportunistic
484.1, 078.5 infectious diseases|chest/pulmona 486 infectious
infections|pneumonialopportunistic diseases|chest/pulmonary
CMV infections|pneumonialventilator-
associated
484.6, 117.3 infectious diseases|chest/pulmonary 486 pulmonary|pulmonary
infections|pneumonialopportunistic| infections|pneumonia
fungallaspergillus
484.6, 117.3 pulmonary|pulmonary 486 pulmonary|pulmonary
infections|pneumonialopportunistic infections|pneumonialhospital
fungallaspergillus acquired (not ventilator-associated)
484.7,114.0 pulmonary|pulmonary 486 pulmonary|pulmonary
infections|pneumonialopportunistic| infections|pneumonialhospital
fungal|coccidiomycosis acquired (not ventilator-
associated)|atypical organism
likely
484.7, 484.7, infectious diseases|chest/pulmona 486 pulmonary|pulmonary
484.7, 484.7 infections|pneumonialopportunistic infections|pneumonialopportunistic
fungal
484.7, 484.7, pulmonary|pulmonary 486 pulmonary|pulmonary
484.7, 484.7 infections|pneumonialopportunistic| infections|pneumonialventilator-
fungal associated
486 infectious diseases|chest/pulmona 486 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialventilator-
acquired associated|atypical organism likely
486 infectious diseases|chest/pulmonary 486 pulmonary|pulmonary
infections|pneumonialcommunity- infections|pneumonialhospital
acquired|atypical organism likely acquired (not ventilator-
associated)|bacterial
486 infectious diseases|chest/pulmona 486 pulmonary|pulmonary
infections|pneumonialpost- infections|pneumonialventilator-
obstructive associated|bacterial
486 pulmonary|pulmonary
infections|pneumonialcommunity-
acquired
486 pulmonary|pulmonary
infections|pneumonialcommunity-
acquired|atypical organism likely
486 pulmonary|pulmonary
infections|pneumonia|post-
obstructive
486 surgerylinfections|pneumonia
486 surgerylinfections|pneumoniajcomm
unity-acquired
486 surgerylinfections|pneumonialhospit

al acquired (not ventilator-
associated)
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Appendix Ill Table 1, Continued

ICD-9 code Diagnosis strings to be excluded ICD-®de Diagnosis strings to be included
486 surgerylinfections|pneumonialventil

ator-associated
486 infectious diseases|chest/pulmonary

infections|pneumonialcommunity-
acquired|bacterial

486 pulmonary|pulmonary
infections|pneumoniajcommunity-
acquired|bacterial
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Appendix Il Table 2: Patient-day Level Univariable Analysis of ICU patients in Nosocomial

Pneumonia cohort.

Outcome
Exposure

Gender
Age

Race

ICU Type

Nutrition

Any Gastrointestinal
Diseases

Cancer

HIV

Cirrhosis

Asthma

COPD

ARDS

Heart Failure

Head of Bed is 30
Degrees Up
Immunosuppression
Intubated in the First
Day

Risk Factors

Characteristics

Nosocomial Pneumonia

Three Days of Proton Pump Inhibitors Use
Three Days of Histamine-2 Receptors Blockers
Use

Male

18 To 60

61 To 70

71 To 80

>81

Caucasian

African American

Hispanic

Native American

Asian

Others

Mixed

Cardiovascular-Surgical

Coronary Care

Trauma

Surgical

Medical

Neuroscience

No Feeding

Enteral Nutrition

Parenteral Nutrition

Both Enteral Nutrition and Parenteral Nutrition

Coagulopathy

Mechanical Ventilation > 24 Hours
Traumatic Brain Injury

Hepatic Failure

Univariable
Analysis

N= 285,033
Freq. Col %
2,393 0.8
210,111 73.7
74,922 26.3
36,164 53.3
26,468 39
15,414 22.7
14,846 21.9
11,148 16.4
51,669 76.1
7,706 11.4
1,939 29
467 0.7
849 1.3
5,246 7.7
30,606 45.1
6,166 9.1
12,597 18.6
406 0.6
6,166 9.1
6,673 9.8
5,262 7.8
28,106 41.4
35,398 52.2
747 11
3,625 5.3
1,855 2.7
4,799 7.1
88 0.1
1,026 15
1,648 2.4
8,061 11.9
22,488 33.1
8,488 12.5
32,781 48.3
2,100 3.1
29,740 43.8
16,289 24
33,973 50.1
3,225 4.8
601 0.9
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Appendix Il Table 2, Continued

Medication

Admission Source

Year of Admission

Physician Specialty

Characteristics

Hydrocortisone> 250 Mg / Day or Equivalent
Transplantation
Acute Myocardial Infarction
Sepsis

Neurological Injuries
Surgical And Multiple Trauma
Hypotension

Acute Renal Failure
Burns> 30% BSA
ICU LOS > 7 Days
Sucralfate

Antacids
Anticoagulants
Antiplatelets
Thrombolytics
NSAIDs
Aminoglycosides
Cephalosporins
Flouroquinolones
Lincosamide
Linezolid
Macrolides
Metronidazole
Other B-lactams
Penicillins
Tetracyclines
Vancomycin
Antibiotics, Others
Direct Admission
Chest Pain Center
Emergency Room
Floor

Operating Room

Other (Other Hospital or ICU, Recovery Room,

Step-Down Unit)
2008

2009

2010

2011

2012

Internal medicine
Pulmonary
Hospitalist
Cardiology
Surgery-general
Critical care medicine
Family practice
Surgery-cardiac
Others

Univariable
Analysis

N= 285,033
Freq. Col %
2,409 3.5
146 0.2
2,190 3.2
12,387 18.2
9,622 14.2
16,103 23.7
14,042 20.7
16,423 24.2
21 0
19,992 29.5
1,686 2.5
19,633 28.9
30,935 45.6
35,920 52.9
3,853 5.7
30,654 45.2
1,937 2.9
20,476 30.2
14,536 21.4
2,225 3.3
1,499 2.2
2,957 4.4
5,883 8.7
5,211 7.7
24,140 35.6
636 0.9
19,114 28.2
1,094 1.6
6,106 9
278 0.4
34,266 50.5
10,390 15.3
11,702 17.2
5,134 7.6
11,098 16.4
14,623 21.5
16,690 24.6
17,187 25.3
8,278 12.2
11,980 17.6
9,836 14.5
6,575 9.7
5,506 8.1
4,991 7.4
4,030 5.9
4,226 6.2
3,510 5.2
17,222 25.4
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Appendix Il Table 2, Continued

Characteristics

Univariable
Analysis
N= 285,033
Freq. Col %
Teaching Hospital 19,658 29
Continuous Variables APACHE Score IV 64.95 26.53
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Appendix Il Table 3: Patient-Level Bivariable Analysis Comparing Three days use of PPIs to
Three days use of H2Bs among ICU patients in Nosanial Pneumonia cohort.

Characteristics

Bivariable Analyses

H2Bs PPIs P-value
n= 18,783 n= 49,093
Freq. Col%  Freq. Col %
Outcome Nosocomial Pneumonia 794 4.2 1,599 33 < 0.001
Gender Male 10,163 54.1 26,001 53 0.006
Age 18 To 60 7,842 41.8 18,626 37.9 < 0.001
61 To 70 4,192 22.3 11,222 229
71 To 80 3,943 21 10,903 22.2
>81 2,806 14.9 8,342 17
Race Caucasian 13,985 74.5 37,684 76.8 < 0.001
African American 1,819 9.7 5,887 12
Hispanic 532 2.8 1,407 2.9
Native American 97 0.5 370 0.8
Asian 261 1.4 588 1.2
Others 2,089 11.1 3,157 6.4
ICU Type Mixed 10,530 56.1 20,076 40.9 < 0.001
Cardiovascular-Surgical 2,046 10.9 4,120 8.4
Coronary Care 2,650 14.1 9,947 20.3
Trauma 211 1.1 195 0.4
Surgical 1,090 5.8 5,076 10.3
Medical 1,017 5.4 5656 11.5
Neuroscience 1,239 6.6 4,023 8.2
Nutrition No Feeding 8,520 454 19,586 39.9 <0.001
Enteral Nutrition 9,538 50.8 25,860 52.7
Parenteral Nutrition 133 0.7 614 1.3
Both Enteral Nutrition and 592 3.2 3,033 6.2
Parenteral Nutrition
Any Gastrointestinal Diseases 320 1.7 1,535 31 <0.001
Cancer 1,260 6.7 3,539 7.2 0.002
HIV 19 0.1 69 0.1 0.074
Cirrhosis 103 0.5 923 1.9 < 0.001
Asthma 504 2.7 1,144 2.3 0.004
COPD 1,920 10.2 6,141 125 < 0.001
ARDS 6,346  33.8 16,142 329 0.025
Heart Failure 2,039 10.9 6,449 13.1 < 0.001
Head of Bed is 30 Degrees Up 8,560 45.6 24,221 49.3 <0.001
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Appendix 11l Table 3, Continued

Characteristics

Bivariable Analyses

H2Bs PPIs P-value
n= 18,783 n= 49,093
Freq. Col%  Freq. Col %
Immunosuppression 427 2.3 1,673 3.4 < 0.001
Intubated in the First Day 9,065 48.3 20,675 421 <0.001
Risk Factors Coagulopathy 3,898 20.8 12,391 25.2 < 0.001
Mechanical Ventilation > 24 10,056 535 23,917 48.7 <0.001
Hours
Traumatic Brain Injury 1,190 6.3 2,035 4.1 < 0.001
Hepatic Failure 68 0.4 533 1.1 <0.001
Hydrocortisone> 250 Mg / 707 3.8 1,702 35 0.018
Day or Equivalent
Transplantation 25 0.1 121 0.2 0.006
Acute Myocardial Infarction 814 4.3 1,376 2.8 < 0.001
Sepsis 2,808 14.9 9,579 19.5 <0.001
Neurological Injuries 3,485 18.6 6,137 125 < 0.001
Surgical And Multiple Trauma 5,472 29.1 10,631 721. <0.001
Hypotension 3,626 19.3 10,416 21.2 < 0.001
Acute Renal Failure 3,687 19.6 12,736 25.9 <0.001
Burns> 30% BSA 12 0.1 9 0 0.002
ICU LOS > 7 Days 5,225 278 14,767 30.1 <0.001
Medication Sucralfate 254 1.4 1,432 2.9 < 0.001
Antacids 5872 313 13,761 28 <0.001
Anticoagulants 8,902 47.4 22,033 44.9 < 0.001
Antiplatelets 10,577 56.3 25,343 51.6 <0.001
Thrombolytics 1,373 7.3 2,480 5.1 < 0.001
NSAIDs 8,875 473 21,779 44.4 <0.001
Aminoglycosides 497 2.6 1,440 2.9 0.001
Cephalosporins 6,195 33 14,281 29.1 <0.001
Flouroquinolones 3,335 17.8 11,201 22.8 < 0.001
Lincosamide 672 3.6 1553 3.2 0.01
Linezolid 328 1.7 1,171 24 < 0.001
Macrolides 748 4 2209 45 <0.001
Metronidazole 1,155 6.1 4,728 9.6 < 0.001
Other B-lactams 1,096 5.8 4,115 8.4 <0.001
Penicillins 5,569 29.6 18,571 37.8 < 0.001
Tetracyclines 140 0.7 496 1 <0.001
Vancomycin 5,042 26.8 14,072 28.7 0.002
Antibiotics, Others 235 1.3 859 1.7 <0.001
Admission Source Direct Admission 1,876 10 4,230 8.6 < 0.001
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Appendix 11l Table 3, Continued

Characteristics

Bivariable Analyses

H2Bs PPIs P-value
n= 18,783 n= 49,093
Freq. Col%  Freq. Col %
Chest Pain Center 78 0.4 200 0.4 0.807
Emergency Room 9,214 49.1 25,052 51 < 0.001
Floor 2,240 119 8,150 16.6 <0.001
Operating Room 3,973 21.2 7,729 157 < 0.001
Other (Other Hospital or ICU, 1,402 7.5 3,732 7.6 0.947
Recovery Room, Step-Down
Unit)
Year of Admission 2008 2,820 15 8,278 16.9 < 0.001
2009 3,795 20.2 10,828 22.1
2010 4,768 25.4 11,922 24.3
2011 4,845 2538 12,342 25.1
2012 2,555 13.6 5723 11.7
Physician Internal medicine 2,126 113 9,854 20.1 <0.001
Specialty
Pulmonary 2,856 15.2 6,980 14.2
Hospitalist 1,305 6.9 5,270 10.7
Cardiology 1,815 9.7 3,691 7.5
Surgery-general 1,545 8.2 3,446 7
Critical care medicine 1,399 74 2,631 54
Family practice 915 4.9 3,311 6.7
Surgery-cardiac 1,397 7.4 2,113 4.3
Others 5,425  28.9 11,797 24
Teaching Hospital 8,415 4438 11,243 22.9
Continuous APACHE Score IV (Mean, SD) 62.29 26.43 65.969 26.5 <0.001
Variables
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Appendix Il Table 4: Patient-day level Bivariable Analysis Comparing Three days use of PPIs
to Three days use of H2Bs among ICU patients in Nosomial Pneumonia cohort.

Characteristics Bivariable Analyses
H2Bs PPIs P-
n= 74,922 n= 210,111 value
Freq. Col% Freq. Col %
Outcome Nosocomial Pneumonia 794 1.1 1,599 0.8 <0.001
Gender Male 40,649 54.3 114,506 54.5 0.042
Age 18 To 60 33,977 45.3 85,189 40.5 <0.001
61 To 70 16,429 21.9 50,200 23.9
71 To 80 14,758 19.7 45,216 21.5
>81 9,758 13 29,506 14
Race Caucasian 56,412 75.3 157,661 75 < 0.001
African American 7,243 9.7 27,576 13.1
Hispanic 2,050 2.7 6,069 2.9
Native American 389 0.5 1,560 0.7
Asian 885 1.2 2,407 1.1
Others 7,943 10.6 14,838 7.1
ICU Type Mixed 42,107 56.2 82,778 39.4 < 0.001
Cardiovascular-Surgical 7,487 10 17,801 8.5
Coronary Care 9,004 12 39,312 18.7
Trauma 1,628 2.2 1,491 0.7
Surgical 4,664 6.2 24,350 11.6
Medical 3,621 4.8 23,490 11.2
Neuroscience 6,411 8.6 20,889 9.9
Nutrition No Feeding 29,254 39 72,921 34.7 <0.001
Enteral Nutrition 40,065 53.5 107,914 51.4
Parenteral Nutrition 529 0.7 2,610 1.2

Both Enteral Nutrition 5,074 6.8 26,666 12.7
and Parenteral Nutrition

Any Gastrointestinal 1,773 2.4 7,964 3.8 <0.001
Diseases

Cancer 4913 6.6 15,647 7.4 < 0.001
HIV 115 0.2 335 0.2 0.315
Cirrhosis 356 0.5 4,142 2 < 0.001
Asthma 1914 26 4,842 2.3 0.003
COPD 8,360 11.2 27,638 13.2 < 0.001
ARDS 34,877 46.6 99,070 47.2 <0.001
Heart Failure 8,152 10.9 30,861 14.7 < 0.001
Head of Bed is 30 Degrees Up 37,619 50.2 120,392 57.3 <0.001
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Appendix Il Table 4, Continued

Characteristics

Bivariable Analyses

H2Bs PPIs P-
n= 74,922 n= 210,111 value
Freq. Col% Freq. Col %
Immunosuppression 1,441 1.9 7,561 3.6 < 0.001
Intubated in the First Day 42,315 56.5 112,817 53.7 <0.001
Risk Factors Coagulopathy 16,460 22 61,458 29.3 < 0.001
Mechanical Ventilation 50,046 66.8 140,199 66.7 0.042
> 24 Hours
Traumatic Brain Injury 6,292 8.4 11,231 5.3 < 0.001
Hepatic Failure 253 03 2,816 1.3 <0.001
Hydrocortisone> 250 3,736 5 10,290 4.9 0.036
Mg / Day or Equivalent
Transplantation 58 0.1 490 0.2 <0.001
Acute Myocardial 2,319 3.1 4,746 2.3 < 0.001
Infarction
Sepsis 13,683 18.3 50,933 24.2 <0.001
Neurological Injuries 18,809 25.1 33,385 15.9 < 0.001
Surgical And Multiple 21,492 28.7 50,125 23.9 <0.001
Trauma
Hypotension 17,248 23 56,980 27.1 < 0.001
Acute Renal Failure 16,453 22 64,091 305 <0.001
Burns> 30% BSA 292 0.4 225 0.1 < 0.001
ICU LOS > 7 Days 48,826 65.2 143,529 68.3 <0.001
Medications Sucralfate 1,116 15 7,774 3.7 <0.001
Antacids 27,038 36.1 70,125 334 <0.001
Anticoagulants 41,601 55.5 116,143 55.3 0.47
Antiplatelets 44,927 60 123,328 58.7 <0.001
Thrombolytics 7,041 94 17,772 85 <0.001
NSAIDs 39,647 52.9 113,928 54.2 <0.001
Aminoglycosides 3,448 4.6 12,727 6.1 < 0.001
Cephalosporins 30,88341.2 81,975 39 <0.001
Flouroquinolones 19,764 26.4 67,435 32.1 <0.001
Lincosamide 4,053 5.4 10,289 4.9 <0.001
Linezolid 3,741 5 14,213 6.8 < 0.001
Macrolides 3,930 5.2 13,696 6.5 <0.001
Metronidazole 7,908 10.6 34,013 16.2 < 0.001
Other B-lactams 7,953 10.6 34549 164 <0.001
Penicillins 32,919 43.9 109,717 52.2 < 0.001
Tetracyclines 806 1.1 3,495 1.7 <0.001
Vancomycin 32,004 42.7 98,047 46.7 < 0.001
Antibiotics, Others 2,204 29 10,020 4.8 < 0.001
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Appendix Il Table 4, Continued

Characteristics

Bivariable Analyses

H2Bs PPIs P-
n= 74,922 n= 210,111 value
Freq. Col% Freq. Col %
Admission Source Direct Admission 8,205 11 19,405 9.2 <0.001
Chest Pain Center 244 0.3 642 0.3 0.321
Emergency Room 36,748 49 99,455 47.3 < 0.001
Floor 9,361 125 36,672 175 <0.001
Operating Room 14,505 19.4 34,056 16.2 < 0.001
Other (Other Hospital or 5,859 7.8 19,881 9.5 <0.001
ICU, Recovery Room,
Step-Down Unit)
Year of Admission 2008 11,469 15.3 38,382 18.3 <
0.001
2009 15,322 20.5 47,048 22.4
2010 19,378 25.9 49,623 23.6
2011 18,851 25.2 52,664 25.1
2012 9,902 13.2 22,394 10.7
Physician Specialty Internal medicine 7,146 9.5 38,304 18.2 <0.001
Pulmonary 12,665 16.9 34,860 16.6
Hospitalist 4,483 6 19,622 9.3
Cardiology 5584 7.5 14,745 7
Surgery-general 6,814 9.1 16,905 8
Critical care medicine 6,413 8.6 11,762 5.6
Family practice 2,940 3.9 12,298 5.9
Surgery-cardiac 4,852 6.5 8,953 4.3
Others 24,025 32.1 52,662 25.1
Teaching Hospital 36,505 48.7 48,615 23.1 <0.001
Continuous Variables APACHE Score IV 65.757 27.774 70.408 27.6768 < 0.001

(Mean, SD)
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Instrumental variable analysis:

Objective: To construct an IV that is highly coateld with the receipt of PPIs for three

days and uncorrelated with unmeasured factoralagtinfluence the occurrence of NP.

While the first condition can be tested, the secomalition can only be supported by the
literature and the logic used in constructing teThe chosen IV was being in a PPI unit
defined as a unit that prescribed PPIs to at B@&t of patients. When at least 90% of
patients receive PPIs, it is most likely that présieg decision was related to the ICU
practice rather than patients’ characteristicseré&fore, such IV should suffice the two
aforementioned conditions. The cutoff of 90% wassem to reflect this logic i.e. being

in a PPI1 unit should be highly correlated with theeipt of PPIs. In addition, it reduces
the possibility that the 1V is associated with ampbserved factor that may influence
NP. Although this assumption cannot be testedrebelts from the IV analysis can be
used as an affirmative approach for the main arsalys constructing this 1V, number of
patients in each unit per calendar year was deteanio form the denominator. Next,
number of patients who received PPIs in each dethmits formed the numerator which

was multiplied by 100 to calculate the percentage.

The model used in the first stage:

Logit {Pr (Y=1[)}= Bo+BLPPIUNIT90 +32DEMOG +B3SURF +34CONDITIONS 45

ICUTYPE+B6PHYSICIAN +B7TEACHING+8YEAR+ p

Where:
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PPIUNIT90: A dummy variable for being in an ICU tipaescribed PPIs to at least 90%

of the patients.

DEMOG: A vector of categorical variables for pat@memographics (gender, race,
age).

SURF: A vector of dummy variables for stress ultgk factors (mechanical ventilation

> 24 hrs. , coagulopathy, major head injuries, majons, sepsis, corticosteroids therapy
> 250 mg of hydrocortisone or equivalent daily, teawenal failure, hepatic failure,
transplantation, neurological injuries, hypotensmgurgery or trauma, or ICU LOS > 1

week)

CONDITIONS: A vector of dummy variable for condiis that may affect treatment
selection (enteral nutrition, gastrointestinal dses, cancer, HIV, intubation in the first

day)

ICUTYPE: A categorical variable for ICU type (medlicsurgical, mixed, trauma,

cardiovascular and neurosciences)

PHYSICIAN: A categorical variable for physician gty ( Internal medicine,
pulmonary, hospitalist, cardiology, surgery-genecatical care medicine, family

practice, surgery-cardiac, others)

TEACHING: A dummy variable for the teaching statiighe admitting hospital.

YEAR: A set of dummy variables for Calendar ye&®08,2009, 2010, 2011and 2012)
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Testing the presence of the correlation betweenMtend the receipt of PPIs for three

days:

The two-stage least square (2SLS) method was oseldulate partial F-statistics which
determines whether or not the 1V add any signifieadition to the model of the first
stage. As a rule of thumb, if the F-test that sager than 10 then it is strongly correlated
with the exposure. Although the 2SLS method shoulg be used when the exposure is
a continuous variable, the partial F-statistid gtibvides a valid estimation for the
strength of the correlation between the exposudetlaa IV. In our analysis, the partial F-
statistic, adjusted for the clustering effect & thnit, was 23.7 indicating a strong
correlation between the IV and the receipt of H®Mshree days. This strong correlation
corresponded to an adjusted OR of 13.66 (95%C2916.53) in the first stage

multivariable logistic regression model (AppendixTiable 5).
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Appendix Il Table 5: Model for predicting three use of PPIs versus three use of H2Bs using
Instrumental variable technique (outcome of interes Nosocomial Pneumonia)

Characteristics

OR

95%CI

v
Gender

Age

Race

ICU Type

Nutrition

ICUs that prescribed 90% of Patients or more PPIK3.66***

Female

Male

18 To 60

61 To 70

71 To 80

>81

Caucasian
African American
Hispanic

Native American
Asian

Others

Medical
Cardiovascular-Surgical
Coronary Care
Trauma

Surgical

Mixed
Neuroscience
No Feeding
Enteral Nutrition
Parenteral Nutrition

Any Gastrointestinal Diseases

Cancer

HIV
Intubated in
the First Day
Risk Factors

Medications

Coagulopathy

Mechanical Ventilation > 24 Hours
Traumatic Brain Injury

Hepatic Failure

Hydrocortisone> 250 Mg / Day or Equivalent
Transplantation

Acute Myocardial Infarction
Sepsis

Neurological Injuries

Surgical And Multiple Trauma
Hypotension

Acute Renal Failure

Sucralfate

Antacids

Anticoagulants

Antiplatelets

Thrombolytics

NSAIDs

Reference
1.001
Reference
1.189%**
1.180***
1.119*
Reference
1.068
1.07
1.177
1.732**
0.704**
Reference
0.373*
0.739
0.745*
0.785
0.490***
1.013
Reference
1.095
1.968***
1.914**
0.948
0.676

0.928
1.413%*
1.072
0.985
3.561***
0.988
6.347**
0.586***
1.102
0.540***
0.714***
1.034
1.393%**
3.080***
1.009
0.928
0.851**
1.134
1.032

[11.29,16.53]
[0.940,1.066]

[1.077,1.313]
[1.080,1.289]
[1.007,1.244]

[0.946,1.206]
[0.840,1.363]

[0.951,1.456]
[1.161,2.581]
[0.564,0.878]

[0.190,0.733]
[0.532,1.027]
[0.565,0.981]
[0.524,1.178]
[0.384,0.627]
[0.676,1.519]

[0.939,1.277]
[1.566,2.474]
[1.252,2.926]
[0.831,1.083]
[0.312,1.465]

[0.834,1.032]
[1.304,1.530]
[0.9639U]L
[0.783,1.240]
[2.383,5.321]
[0.839,1.164]
[1.957,20.59]
[0.471,0.729]
[0.990,1.227]
[0.467,0.625]
[0.635,0.803
[0.942,1.136]
[1.277,1.519]
[2.223,4.268]
[0.915,1.111]
[0.822,1.047]
[0.760,0.952]
[0.982,1.309]
[0.924,1.152]
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Appendix Il Table 5, Continued

Characteristics OR 95%ClI

Year of

Admission 2008 Reference
2009 0.87 [0.664,1.140]
2010 0.79 [0.605,1.033]
2011 0.834 [0.637,1.091]
2012 0.647** [0.468,0.894]

Physician

Specialty Internal medicine Reference
Pulmonary 0.560***  [0.468,0.671]
Hospitalist 0.729***  [0.612,0.869]
Cardiology 0.614** [0.503,0.748]
Surgery-general 0.629***  [0.505,0.782]
Critical care medicine (CCM) 0.586***  [0.433,0.792]
Family practice 0.740** [0.617,0.888]
Surgery-cardiac 0.378*** [0.270,0.528]
Others 0.547**  [0.476,0.628]

Teaching

Hospital 0.572**  [0.473,0.692]

Observations 285033

* p<0.05, ** p<0.01, *** p<0.001, IV: Instrumentalariable, ICUs: Intensive Care Units, PPIs: Proton
Pump Inhibitors, NSAIDs: Non-Steroidal Anti-inflanatory Drugs

The C-statistic which measures the ability of theded to discriminate patients who
received PPIs for three days vs. patients who veddi2Bs for three days at each time
point was 0.805 indicating an acceptable levelisérimination. The residuals calculated
from the first stage were Pearson’s residuals &eljuer the number of patients who

shares the same covariate paft&rn
The model for the'? stage:

Log h(t)= loglo(t) + BLPPISVSH2Bs $2PRESIDUALS +33SURF +
BACONDITIONS1 5 MEDS+B6PHYSICIAN +B7ADMISSIONS+B8 TEACHING+

BOAPACHEIV

Where:
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PPISVSH2Bs: Three days of PPIs therapy vs. Thrge obH2Bs therapy.

PRESIDUALS: Pearson’s Residuals adjusted for thebrar of patients sharing the same

covariates pattern.

SURF: A vector of dummy variables for stress ultgk factors (mechanical ventilation
> 24 hrs., major head injuries, major burns, segsigicosteroids therapy > 250 mg of
hydrocortisone or equivalent daily, acute rendufai hepatic failure, transplantation,

neurological injuries, hypotension, surgery or tnal or ICU LOS > 1 week)

CONDITIONSZ1: A vector of dummy variables for condits that may influence risk of
NP ( Gastrointestinal diseases, Cancer, HIV/AIOBhaosis, asthma, chronic obstructive
pulmonary disease, acute respiratory distress eymelrhear failure, ,

immunosuppression, Head of Bed is 30 Degrees Upramidation in the first day)

MEDS: A vector of dummy variables for therapeutasses that may influence risk of
NP (Sucralfate , Antacids, NSAIDs, Aminoglycosid€gphalosporins,
Flouroquinolones, Lincosamide, Linezolid, MacroBd#&letronidazole, Other B-lactams,

Penicillins, Tetracyclines, Vancomycin, Antibiotj&3thers)

ADMISSIONS: A categorical variable for admissioruste (Direct admission, chest pain
center, emergency room, floor, operating room &hers (other hospital or ICU,

recovery room, step-down unit))

TEACHING: A dummy variable for the teaching statiighe admitting hospital.

APACHEIV: A continuous variable for APACHE-IV score
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Appendix Il Table 6: Cox Proportional Hazard model for the effect of the receipt of Three days
PPIs vs. Three days H2Bs on the occurrence of nosmaial pneumonia using the Two Stage Residuals

inclusion Method.

Characteristics

HR 95%ClI

Exposure Three-day use of PPIs vs. Three-day use of H2I 0.78 [0.607,1.003]
Residuals Pearson's Residuals 1.012 [0.980,1.044]
Gender Female Reference

Male 1.139** [1.051,1.235]
Any Gastrointestinal Diseases 1.223* [1.018,1.470]
Cancer 1.071 [0.918,1.251]
HIV 0.823 [0.325,2.088]
Cirrhosis 1.031 [0.760,1.398]
Asthma 1.395** [1.133,1.717]
COPD 1.432%*  [1.273,1.610]
ARDS 3.304**  [2.879,3.791]

Heart Failure
Head of Bed is 30 Degrees Up
Immunosuppression
Intubated in the First Day
Risk Factors Mechanical Ventilation > 24 Hours
Traumatic Brain Injury
Hepatic Failure
Hydrocortisone> 250 Mg / Day or Equivalent
Transplantation
Acute Myocardial Infarction
Sepsis
Neurological Injuries
Surgical And Multiple Trauma
Hypotension
Acute Renal Failure
Medications Sucralfate
Antacids
NSAIDs
Aminoglycosides
Cephalosporins
Flouroquinolones
Lincosamide
Linezolid
Macrolides
Metronidazole
Other B-lactams
Penicillins
Tetracyclines
Vancomycin
Antibiotics, Others
Admission Source Direct Admission
Chest Pain Center
Emergency Room
Floor
Operating Room

Other (Other Hospital or ICU, Recovery Room,

Step-Down Unit)

1.367%*  [1.220,1.531]
1.321%*  [1.155,1.511]

0.868 [0.677,1.113]
0.967 [0.871,1.073]
0.979 [0.85421L]L
1.222* [1.016,1.469]
0.869 [0.577,1.309]
1.258*  [1.068,1.483]
0.945 [0.387,2.308]
0.85 [0.624,1.157]
1.072 [0.935,1.229]
1.354%*  [1.152,1.592]
1.095 [0.937,1.279]

1.229%*  [1.097,1.378]
1.164**  [1.045,1.296]

1.033 [0.733,1.455]

0.884* [0.782,1.000]

1.06 [0.939,1.196]
1.13 [0.939,1.359]

1.287*** [1.161,1.426]
1.166** [1.049,1.296]
1.047 [0.851,1.288]
1.212 [0.989,1.486]
1.348*** [1.163,1.561]
0.875* [0.779,0.983]
1.188* [1.040,1.358]
1.596*** [1.419,1.795]
0.398*** [0.242,0.655]
1.811%** [1.612,2.034]
0.681** [0.523,0.887]
Reference
2.513%* [1.665,3.794]
1.225* [1.012,1.484]

1.065 [0.869,1.306]
1.197 [0.941,1.521]
1.123 [0.904,1.394]
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Appendix Il Table 6

Characteristics HR 95%ClI
Teaching Hospital 1.853**  [1.553,2.211]
Continuous Variables APACHE Score IV 0.998* [0.996,1.000]
Observations 285033

Propensity score matching:

Out of the 67,876 patients, 32,160 patients weretorone matched resulting in 16,080
patients in each group. In more details, out ofAB®93 patients who received PPIs only
16,080 had propensity scores that overlapped Wwibke of the H2Bs group. The C
statistic for the propensity score model was Ondcating an acceptable level of
predicting the receipt of PPIs compared to theipt@é H2Bs. The model failed the
Pearson’s Xtest as the P-value was significant (P-value=0a8lthe Hosmer-Lemeshow
test as the P-value was less than 0.0001 indicHtmgresence of residual confounding.
The groups were matched on all the included cotesia the propensity score model.
The maximum absolute percentage of standardizesdwas 2.8 with a mean of 0.8 and a
median of 0.7. In addition, only being in a teachifospital had a P-value of t-test below
0.05 indicating very well matched groups (AppenidlixTable 8). However, since the
absolute percentage of standardized bias washHassl0%, no further adjustments were
needed. The risk of NP did not statistically diffetween PPIs and H2Bs. (HR: 0.88,

95%Cl: 0.75-1.02; P=0.09).
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Appendix Il Figure 1: Propensity score distribution of patients who received Proton pump

inhibitors for three days (labeled Treated) and paients who received Histamine Type-2 receptors
Blockers (labeled Untreated )

.6 .8 1
Propensity Score
I untreated I Treated: On support
I Treated: Off support

Appendix Il Figure 2:

Percentage of Standardized las across covariates before matching and
after matching

T T
-40 -20 0
Standardized % bias across covariates

20
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Appendix Il Table 7: Covariate Distribution Before and After performing one to one matching
with no replacement.

Characteristics Mean %bias % of t-test
PPls  H2Bs Ei‘jucti
n= n= on t
16,080 16,080 p>|t|
Male Unmatched 0.53 0.54 -2.30 -2.67 0.01
Matched 0.53 0.54 -0.70 67.40 -0.67 0.50
Age 18 To 60 Unmatched 0.38 0.42 -7.80 -9.11  0.00
Matched 0.40 0.40 -0.40 94.80 -0.36 0.72
61 To 70 Unmatched 0.23 0.22 1.30 1.50 0.13
Matched 0.23 0.23 -0.50 64.30 -0.41 0.68
71To 80 Unmatched 0.22 0.21 3.00 3.43 0.00
Matched 0.22 0.22 1.10 62.70 0.98 0.33
>81 Unmatched 0.17 0.15 5.60 6.46 0.00
Matched 0.16 0.16 -0.20 97.00 -0.15 0.88
Race Caucasian Unmatched 0.77 0.74 5.40 6.30 0.00
Matched 0.76 0.75 1.30 76.00 1.15 0.25
African American Unmatched 0.12 0.10 7.40 8.48 0.00
Matched 0.10 0.10 -2.30 69.00 -2.14 0.03
Hispanic Unmatched 0.03 0.03 0.20 0.24 0.81
Matched 0.03 0.03 0.70 -269.70 0.65 0.51
Native American Unmatched 0.01 0.01 3.00 3.35 0.00
Matched 0.01 0.01 0.50 81.70 0.51 0.61
Asian Unmatched 0.01 0.01 -1.70 -2.01 0.04
Matched 0.01 0.01 -0.20 87.00 -0.19 0.85
Others Unmatched 0.06 0.11 -16.60 -20.54 0.00
Matched 0.10 0.10 0.10 99.60 0.06 0.96
ICU Type Mixed Unmatched 0.41 0.56 -30.70 -35.86 0.00
Matched 0.53 0.53 0.10 99.80 0.04 0.96
Cardiovascular-  Unmatched 0.08 0.11 -8.50 -10.15 0.00
Surgical
Matched 0.11 0.11 0.50 93.80 0.45 0.65
Coronary Care Unmatched 0.20 0.14 16.40 18.49 0.00
Matched 0.15 0.16 -1.20 92.70 -1.11 0.27
Trauma Unmatched 0.00 0.01 -8.40 -10.99 0.00
Matched 0.01 0.01 0.90 89.70 0.76 0.44
Surgical Unmatched 0.10 0.06 16.70 18.44 0.00
Matched 0.06 0.07 -0.90 94.50 -0.90 0.37
Medical Unmatched 0.12 0.05 22.10 24.01 0.00
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Appendix Il Table 7, Continued

Characteristics Mean %bias % of t-test
PPIs  H2Bs Eg‘jucti
n= n= t
16,080 16,080 p>t|
Matched 0.07 0.06 1.50 93.30 1.50 0.14
Neuroscience Unmatched 0.08 0.07 6.10 6.97 0.00
Matched 0.07 0.07 0.10 98.10 0.11 0.92
Nutrition No Feeding Unmatched 0.40 0.45 -11.10 -12.95 0.00
Matched 0.44 0.45 -2.50 77.70 -2.20 0.03
Enteral Nutrition  Unmatched 0.52 0.48 8.40 9.84 0.00
Matched 0.48 0.49 -0.60 92.30 -0.58 0.56
Parenteral Unmatched 0.05 0.02 12.60 13.74 0.00
Nutrition
Matched 0.03 0.03 0.70 94.80 0.67 0.50
Any Gastrointestinal Diseases Unmatched 0.03 0.02 9.30 10.18 0.00
Matched 0.02 0.02 -0.90 90.80 -0.87 0.38
Cancer Unmatched 0.07 0.07 2.00 2.28 0.02
Matched 0.07 0.07 0.40 78.90 0.37 0.71
HIV Unmatched 0.00 0.00 1.10 1.28 0.20
Matched 0.00 0.00 -0.50 52.60 -0.52 0.60
Cirrhosis Unmatched 0.02 0.01 12.20 12.74 0.00
Matched 0.01 0.01 0.20 98.10 0.28 0.78
Asthma Unmatched 0.02 0.03 -2.30 -2.67 0.01
Matched 0.03 0.03 0.70 68.30 0.62 0.54
COPD Unmatched 0.13 0.10 7.20 8.24 0.00
Matched 0.11 0.11 0.80 88.60 0.75 0.46
ARDS Unmatched 0.33 0.34 -1.90 -2.24  0.03
Matched 0.33 0.33 -0.50 73.90 -0.45 0.65
Neutropenia Unmatched 0.05 0.06 -4.90 -5.83 0.00
Matched 0.06 0.05 1.10 78.10 0.95 0.34
Heart Failure Unmatched 0.13 0.11 7.00 8.04 0.00
Matched 0.12 0.12 -0.60 91.80 -0.52 0.60
Head of Bed is 30 Degrees Up Unmatched 0.49 0.46 7.50 8.78 0.00
Matched 0.48 0.47 0.40 94.20 0.39 0.70
Thrombocytopenia Unmatched 0.18 0.12 15.30 17.23 0.00
Matched 0.14 0.13 1.50 90.00 1.43 0.15
Immunosuppression Unmatched 0.03 0.02 6.80 7.64 0.00
Matched 0.03 0.03 1.50 78.60 1.35 0.18
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Appendix Il Table 7, Continued

Characteristics Mean %bias % of t-test
Bias
PPI H2B
S S Reducti
n= n= t
16,080 16,080 p>t|
Intubated in the First Day Unmatched 0.42 0.48 -12.40 -14.46 0.00
Matched 0.46 0.47 -1.70 86.00 -1.54 0.12
Risk Factors Coagulopathy Unmatched 0.25 0.21 10.70 12.26 0.00
Matched 0.22 0.22 0.80 92.90 0.69 0.49
Mechanical Unmatched 0.49 0.54 -9.70 -11.25 0.00
Ventilation > 24
Hours
Matched 0.52 0.53 -1.20 87.10 -1.12 0.26
Traumatic Brain  Unmatched 0.04 0.06 -9.80 -12.01 0.00
Injury
Matched 0.05 0.05 -0.10 99.10 -0.08 0.94
Hepatic Failure Unmatched 0.01 0.00 8.50 9.01 0.00
Matched 0.00 0.00 0.70 92.30 0.76 0.45
Hydrocortisone> Unmatched 0.03 0.04 -1.60 -1.87 0.06
250 Mg / Day or
Equivalent
Matched 0.04 0.04 -0.40 77.00 -0.33 0.74
Transplantation ~ Unmatched 0.00 0.00 2.60 2.85 0.00
Matched 0.00 0.00 1.60 39.70 1.41 0.16
Acute Myocardial Unmatched 0.03 0.04 -8.30 -10.11 0.00
Infarction
Matched 0.04 0.04 0.90 88.60 0.77 0.44
Sepsis Unmatched 0.20 0.15 12.10 13.79 0.00
Matched 0.16 0.16 1.40 88.70 1.26 0.21
Neurological Unmatched 0.13 0.19 -16.80 -20.29 0.00
Injuries
Matched 0.16 0.16 -0.50 96.90 -0.46 0.65
Surgical And Unmatched 0.22 0.29 -17.20 -20.55 0.00
Multiple Trauma
Matched 0.27 0.27 -0.30 98.00 -0.30 0.76
Hypotension Unmatched 0.21 0.19 4.80 5.50 0.00
Matched 0.19 0.20 -1.30 72.00 -1.21 0.23
Acute Renal Unmatched 0.26 0.20 15.10 17.22 0.00
Failure
Matched 0.21 0.21 -0.10 99.50 -0.07 0.95
Medications  Sucralfate Unmatched 0.03 0.01 10.80 11.73 0.00
Matched 0.02 0.02 1.20 88.90 1.22 0.22
Antacids Unmatched 0.28 0.31 -7.10 -8.31 0.00
Matched 0.31 0.30 0.70 89.40 0.67 0.51
Anticoagulants Unmatched 0.45 0.47 -5.00 -5.88  0.00
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Appendix Il Table 7, Continued

Characteristics Mean %bias % of t-test
PPIs  H2Bs Eg‘jucti
n= n= on t
16,080 16,080 p>t|
Matched 0.47 0.47 -1.20 76.50 -1.06 0.29
Antiplatelets Unmatched 0.52 0.56 -9.40 -10.96 0.00
Matched 0.56 0.56 -0.20 97.90 -0.18 0.86
Thrombolytics Unmatched 0.05 0.07 -9.40 -11.39 0.00
Matched 0.07 0.07 -0.30 96.70 -0.26 0.79
NSAIDs Unmatched 0.44 0.47 -5.80 -6.76  0.00
Matched 0.46 0.46 -0.30 94.40 -0.29 0.77
Aminoglycosides Unmatched 0.03 0.03 1.70 2.01 0.04
Matched 0.03 0.03 0.50 69.70 0.48 0.63
Cephalosporins  Unmatched 0.29 0.33 -8.40 -9.89 0.00
Matched 0.31 0.32 -1.00 87.70 -0.93 0.36
Flouroquinolones Unmatched 0.23 0.18 12.60 14.40 0.00
Matched 0.19 0.19 0.20 98.00 0.23 0.82
Lincosamide Unmatched 0.03 0.04 -2.30 -2.71  0.01
Matched 0.03 0.03 0.40 83.50 0.34 0.74
Linezolid Unmatched 0.02 0.02 4.50 5.07 0.00
Matched 0.02 0.02 1.10 75.70 0.99 0.32
Macrolides Unmatched 0.05 0.04 2.60 2.95 0.00
Matched 0.04 0.04 -1.30 49.50 -1.18 0.24
Metronidazole Unmatched 0.10 0.06 12.90 14.44 0.00
Matched 0.07 0.07 0.70 94.60 0.66 0.51
Other B-lactams  Unmatched 0.08 0.06 9.90 11.16 0.00
Matched 0.07 0.06 0.70 92.90 0.65 0.51
Penicillins Unmatched 0.38 0.30 17.40 19.97 0.00
Matched 0.32 0.32 0.40 97.80 0.35 0.73
Tetracyclines Unmatched 0.01 0.01 2.80 3.21 0.00
Matched 0.01 0.01 0.60 78.90 0.56 0.58
Vancomycin Unmatched 0.29 0.27 4.10 4.72 0.00
Matched 0.28 0.28 0.10 98.30 0.06 0.95
Antibiotics, Unmatched 0.02 0.01 4.10 4.62 0.00
Others
Matched 0.02 0.01 1.50 63.80 1.35 0.18
Admission Direct Admission Unmatched 0.004 0.004 -0.10 -0.14  0.89
Source
Matched 0.00 0.005 0.705 -452.50 0.57 0.57
Chest Pain Center Unmatched 0.09 0.10 -4.70 -5.59  0.00
Matched 0.09 0.10 -0.60 88.20 -0.49 0.62
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Appendix Il Table 7, Continued

Characteristics Mean %bias % of t-test
Bias
PPI H2B
S S Reducti
n= n= on t
16,080 16,080 p>t|
Emergency Room Unmatched 0.51 0.49 4.00 4.60 0.00
Matched 0.49 0.49 -0.70 83.00 -0.60 0.55
Floor Unmatched 0.17 0.12 13.40 15.16 0.00
Matched 0.14 0.13 1.30 90.20 1.22 0.22
Operating Room Unmatched 0.16 0.21 -14.00 -16.72 0.00
Matched 0.20 0.21 -1.10 92.30 -0.93 0.35
Other (Other Unmatched 0.08 0.07 0.50 0.61 0.54
Hospital or ICU,
Recovery Room,
Step-Down Unit)
Matched 0.08 0.07 1.60 -198.10 1.38 0.17
Year of 2008 Unmatched 0.17 0.15 5.10 5.83 0.00
Admission
Matched 0.15 0.15 -0.40 92.60 -0.34 0.73
2009 Unmatched 0.22 0.20 4.50 5.25 0.00
Matched 0.20 0.20 -0.80 82.90 -0.71 0.48
2010 Unmatched 0.24 0.25 -2.50 -2.98 0.00
Matched 0.25 0.25 0.00 98.90 0.03 0.98
2011 Unmatched 0.25 0.26 -1.50 -1.75  0.08
Matched 0.26 0.26 0.10 94.30 0.08 0.94
2012 Unmatched 0.12 0.14 -5.90 -6.93  0.00
Matched 0.14 0.13 1.20 79.20 1.06 0.29
Physician Internal medicine Unmatched 0.20 0.11 24.20 26.90 0.00
Specialty
Matched 0.14 0.13 2.50 89.50 2.43 0.02
Pulmonary Unmatched 0.14 0.15 -2.80 -3.27  0.00
Matched 0.15 0.15 -1.40 51.50 -1.20 0.23
Hospitalist Unmatched 0.11 0.07 13.40 1495 0.00
Matched 0.08 0.08 0.90 93.10 0.88 0.38
Cardiology Unmatched 0.08 0.10 -7.70 -9.16  0.00
Matched 0.10 0.10 -0.60 92.80 -0.47 0.64
Surgery-general  Unmatched 0.07 0.08 -4.50 -5.39 0.00
Matched 0.08 0.08 -0.50 89.20 -0.43 0.67
Critical care Unmatched 0.05 0.07 -8.50 -10.31 0.00
medicine (CCM)
Matched 0.07 0.07 0.50 94.00 0.43 0.67
Family practice Unmatched 0.07 0.05 8.00 9.04 0.00
Matched 0.06 0.06 0.90 89.40 0.78 0.44
Surgery-cardiac  Unmatched 0.04 0.07 -13.40 -16.53 0.00
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Appendix Il Table 7, Continued

Characteristics Mean %bias % of t-test
Bias
PPI H2B
S S Reducti
n= n= on
16,080 16,080 p>|t|
Matched 0.07 0.07 -0.90 93.50 -0.74
Others Unmatched 0.24 0.29 -11.00 -13.01 0.00
Matched 0.26 0.27 -1.20 89.00 -1.09
Teaching Hospital Unmatched 0.23 0.45 -47.60 -57.63 0.00
Matched 0.40 0.39 2.80 94.20 2.33
Continuous APACHE Score  Unmatched 65.97 62.29 13.90 16.19 0.00
Variables v
Matched 63.05 63.32 -1.00 92.80 -0.92

Appendix Il Table 8: The Hazard ratio and 95% Confidence Intervals for the effect of Three-
day use of PPIs compared to Three-day use of H2Bdjasting for an unmeasured dichotomous
confounder with a hazard ratio of 0.33.

Po
P 0.0 0.1 0.2 0.3 0.4 0.5
0.0 0.87
(0.78,0.97)
0.1 0.89 0.87
(0.8,1.00)  (0.78,0.97)
0.2 0.91 0.89 0.87
(0.81,1.02)  (0.8,1.00)  (0.78,0.97)
0.3 0.93 0.91 0.89 0.87
(0.83,1.05) (0.82,1.02) (0.8,1.00)  (0.78,0.97)
0.4 0.96 0.94 0.91 0.89 0.87
(0.86,1.07)  (0.84,1.05) (0.82,1.02) (0.8,1.00)  (0.78,0.97)
0.5 0.98 0.96 0.94 0.92 0.89 0.87
(0.88,1.1)  (0.86,1.08) (0.84,1.05) (0.82,1.02)  (0.8,1.00) (0.78,0.97)
0.6 1.01 0.99 0.96 0.94 0.92 0.89
(0.9,1.13)  (0.88,1.1) (0.86,1.08) (0.84,1.05) (0.82,1.03) (0.8,1.00)
0.7 1.04 1.01 0.99 0.97 0.94 0.92
(0.93,1.16)  (0.9,1.13) (0.88,1.11) (0.86,1.08) (0.84,1.05) (0.82,1.03)
0.8 1.07 1.04 1.02 0.99 0.97 0.94
(0.95,1.19)  (0.93,1.17) (0.91,1.14) (0.89,1.11) (0.86,1.08) (0.84,1.06)
0.9 1.10 1.07 1.05 1.02 1.00 0.97
(0.98,1.23)  (0.96,1.2) (0.93,1.17) (0.91,1.14) (0.89,1.12) (0.87,1.09)
1.0 1.13 1.10 1.08 1.05 1.03 1.00
(0.98,1.23)  (0.99,1.24) (0.96,1.21) (0.94,1.18) (0.92,1.15) (0.89,1.12)

P, and R are the prevalence of the unmeasured confoundbeiri2Bs group and the PPIs group,
respectively; PPIs: Proton Pump Inhibitors; H2B&stéinine Type-2 Receptors Blockers
Red color: higher risk of NP with PPIs; Green coMo difference between PPIs and H2Bs; Blue: lower
risk of NP with PPls.
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Clostridium Difficile-associated diseases:

Appendix Il Table 9: Patient-day Level Univariable Analysis of ICU patients who in
Clostridium-difficile associated diseases cohort.

Characteristics Univariable
Analysis
N= 389,782
Freq. Col %
Outcome Clostridium Difficile Infection 550 0.1
Exposure Three Days of Proton Pump Inhibitors Use 286,927 73.6
Three Days of Histamine-2 Receptors Blockers U 102,855 26.4
Gender Male 213,711 54.8
Age 18 To 60 164,744 42.3
61 To 70 89,680 23.0
71 To 80 81,074 20.8
>81 54,284 13.9
Race Caucasian 296,065 76.0
African American 45,583 11.7
Hispanic 11,121 29
Native American 2,944 0.8
Asian 4,301 1.1
Others 29,768 7.6
ICU Type Mixed 181,601 46.6
Cardiovascular-Surgical 31,204 8.0
Coronary Care 69,191 17.8
Trauma 3,317 0.9
Surgical 33,011 8.5
Medical 40,278 10.3
Neuroscience 31,180 8.0
Nutrition No Feeding 127,765 32.8
Enteral Nutrition 214,944 55.1
Parenteral Nutrition 3,760 1.0
Both Enteral Nutrition and Parenteral Nutrition 43,313 111
Any Gastrointestinal Diseases 13,916 3.6
Cirrhosis 5,829 15
Heart Failure 60,089 15.4
Immunosuppression 12,761 3.3
Intubated in the First Day 220,599 56.6
Risk Factors Coagulopathy 105,547 27.1
Mechanical Ventilation > 24 Hours 274,071 70.3
Traumatic Brain Injury 20,954 5.4
Hepatic Failure 4,404 1.1
Hydrocortisone> 250 Mg / Day or Equivalent 23,557 6.0
Transplantation 568 0.1
Acute Myocardial Infarction 8,252 2.1
Sepsis 110,298 28.3
Neurological Injuries 64,782 16.6
Surgical And Multiple Trauma 80,291 20.6
Hypotension 118,344 30.4
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Appendix Il Table 9, Continued

Characteristics Univariable
Analysis
N= 389,782
Freq. Col %
Acute Renal Failure 121,176 31.1
Burns> 30% BSA 536 0.1
ICU LOS > 7 Days 278,771 715
Medications Anticoagulants 220,752 56.6
Antiplatelets 233,769 60.0
Thrombolytics 33,848 8.7
NSAIDs 213,623 54.8
Aminoglycosides 24,865 6.4
Cephalosporins 157,571 40.4
Flouroquinolones 138,340 35.5
Lincosamide 21,375 5.5
Linezolid 29,699 7.6
Macrolides 40,168 10.3
Metronidazole 55,266 14.2
Other B-lactams 65,130 16.7
Penicillins 215,330 55.2
Tetracyclines 6,726 1.7
Vancomycin 200,492 51.4
Antibiotics, Others 15,840 4.1
Admission Source  Direct Admission 35,911 9.2
Emergency Room 196,302 50.4
Floor 68,527 17.6
Operating Room 53,051 13.6
Other (Other Hospital or ICU, Recovery Room, St¢ 35,991 9.2
Down Unit, Chest Pain Center)
Year of Admission 2008 68,019 17.5
2009 87,451 22.4
2010 93,840 24.1
2011 97,492 25.0
2012 42,980 11.0
Physician Specialty Internal medicine 62,755 16.1
Pulmonary 80,252 20.6
Hospitalist 34,925 9.0
Cardiology 24,108 6.2
Surgery-general 25,745 6.6
Critical care medicine 30,913 7.9
Family practice 21,453 5.5
Surgery-cardiac 14,738 3.8
Others 94,893 24.3
Teaching Hospital 124,853 32.0
APACHE Score IV (Mean, SD) 70 27.7
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Appendix Il Table 10: Patient-Level Bivariable Analysis Comparing Three days use of PPIs to
Three days use of H2Bs among ICU patients in Clostium difficile-associated diseases cohort.

Characteristics

Bivariable Analyses

H2Bs PPIs P-value
n= 23,108 n= 61,254
Freq. Col % Freq. Col %
Outcome Clostridium Difficile Infection 115 0.5 435 0.7 0.001
Gender Male 12,486 54 32,601 0.02
Age 18 To 60 9,587 41.5 23,012 37.6 < 0.001
61 To 70 5,110 22.1 13,813 22.6
71To 80 4,808 20.8 13,640 22.3
>81 3,603 15.6 10,789 17.6
Race Caucasian 17,268 74.7 47,350 77.3 <0.001
African American 2,248 9.7 7,147 11.7
Hispanic 638 2.8 1,726 2.8
Native American 124 0.5 481 0.8
Asian 302 1.3 721 1.2
Others 2,528 10.9 3,829 6.3
ICU Type Mixed 13,435 58.1 26,071 42.6 < 0.001
Cardiovascular-Surgical 2,259 9.8 4,793
Coronary Care 3,325 14.4 12,764 20.8
Trauma 213 0.9 206 0.3
Surgical 1,226 5.3 5509 9
Medical 1,356 5.9 7,563 12.3
Neuroscience 1,294 5.6 4,348 7.1
Nutrition No Feeding 9,962 43.1 23,468 <0.001
Enteral Nutrition 12,238 53 33,398 545
Parenteral Nutrition 149 0.6 694 1.1
Both Enteral Nutrition and 759 3.3 3,694 6
Parenteral Nutrition
Any Gastrointestinal Diseases 409 1.8 1,920 3.1 <0.001
Cirrhosis 129 0.6 1,074 1.8 <0.001
Heart Failure 2,840 12.3 8,916 < 0.001
Immunosuppression 555 24 2,147 35 < 0.001
Intubated in the First Day 11,433 495 27,174 444 <0.001
Risk Factors Coagulopathy 4,763 20.6 15,281 24.9 < 0.001
Mechanical Ventilation >24 12,841 55.6 31,603 51.6 <0.001
Hours
Traumatic Brain Injury 1,278 5.5 2,148 35 < 0.001
Hepatic Failure 80 0.3 657 1.1 < 0.001
Hydrocortisone> 250 Mg / 983 4.3 2601 4.2 0.62
Day or Equivalent
Transplantation 27 0.1 129 0.2 0.006
Acute Myocardial Infarction 864 3.7 1,507 25 <0.001
Sepsis 4,402 19 14,454 23.6 < 0.001
Neurological Injuries 3,893 16.8 6,981 11.4 <0.001
Surgical And Multiple Trauma 5,673 24.5 11,0338 1 < 0.001
Hypotension 5,111 22.1 14,735 24.1 < 0.001
Acute Renal Failure 5,076 22 16,904 < 0.001
Burns> 30% BSA 13 0.1 12 0 0.005
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Appendix Il Table 10, Continued

Characteristics

Bivariable Analyses

H2Bs PPIs P-value
n= 23,108 n= 61,254
Freq. Col % Freq. Col %
ICU LOS > 7 Days 7,309 31.6 20,528 33.5 <0.001
Medications Sucralfate 278 1.2 1,603 2.6 < 0.001
Antacids 6,856 29.7 16,663 27.2 <0.001
Anticoagulants 11,171 48.3 28,290 46.2 <0.001
Antiplatelets 13,041 56.4 32,141 525 <0.001
Thrombolytics 1,544 6.7 2895 4.7 <0.001
NSAIDs 10,906  47.2 27,297 446 <0.001
Aminoglycosides 690 3 1,995 3.3 0.003
Cephalosporins 7,740 33.5 18,202 29.7 <0.001
Flouroquinolones 5,212 22.6 16,431 26.8 < 0.001
Lincosamide 872 3.8 2,200 3.6 0.263
Linezolid 596 2.6 1,939 32 <0.001
Macrolides 1,691 7.3 4,586 7.5 0.213
Metronidazole 1,452 6.3 5,356 8.7 <0.001
Other B-lactams 1,634 7.1 5,751 9.4 < 0.001
Penicillins 8,184 35.4 26,175 42.7 <0.001
Tetracyclines 200 0.9 689 1.1 <0.001
Vancomycin 7,471 32.3 20,678 33.8 0.011
Antibiotics, Others 297 1.3 1,003 1.6 <0.001
Admission Source Direct Admission 2,271 9.8 5,158 8.4 <0.001
Emergency Room 11,911 51.5 32,474 53
Floor 3,042 13.2 10,866 17.7
Operating Room 4,083 17.7 7,965 13
Other (Other Hospital or ICU, 1,801 7.8 4,791 7.8
Recovery Room, Step-Down
Unit, Chest Pain Center)
Year of 2008 3,382 14.6 10,206 16.7 <0.001
Admission
2009 4,705 20.4 13,612 22.2
2010 5,899 25.5 14,784 24.1
2011 5,957 25.8 15,548 25.4
2012 3,165 13.7 7,104 11.6
Physician Internal medicine 2,759 11.9 12,586 20.5 <0.001
Specialty
Pulmonary 4,468 19.3 10,209 16.7
Hospitalist 1,687 7.3 6,847 11.2
Cardiology 1,971 8.5 4,090 6.7
Surgery-general 1,595 6.9 3,572 5.8
Critical care medicine 1,950 8.4 3,987 6.5
Family practice 1,186 5.1 4,249 6.9
Surgery-cardiac 1,429 6.2 2,150 3.5
Others 6,063 26.2 13,564 22.1
Teaching Hospital 10,640 46 14,260 23.3 <0.001
Continuous APACHE Score IV (Mean, SD, 63.9 26.56 67.222 26.59 <0.001
Variables
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Appendix Il Table 11: Patient-day level Bivariable Analysis Comparing Three days use of PPIs
to Three days use of H2Bs among ICU patients in Cétridium difficile-associated diseases cohort.

Characteristics

Bivariable Analyses

H2Bs PPIs P-value
n=102,855 n=286,927
Freq. Col % Freq. Col %
Outcome Clostridium Difficile Infection 115 0.1 435 0.2 < 0.001
Gender Male 56,552 55 157,159 54.8 0.006
Age 18 To 60 47,436 46.1 117,308 40.9 < 0.001
61 To 70 22,385 21.8 67,295 235
71To 80 19,647 19.1 61,427 21.4
>81 13,387 13 40,897 14.3
Race Caucasian 77,912 75.7 218,153 76 < 0.001
African American 9,818 9.5 35,765 12.5
Hispanic 2,750 2.7 8,371 2.9
Native American 523 0.5 2,421 0.8
Asian 1,153 1.1 3,148 1.1
Others 10,699 104 19,069 6.6
ICU Type Mixed 61,603 59.9 119,998 41.8 < 0.001
Cardiovascular-Surgical 8,761 8.5 22,443 7.8
Coronary Care 12,752 12.4 56,439 19.7
Trauma 1,648 1.6 1,669 0.6
Surgical 5,592 5.4 27,419 9.6
Medical 5317 5.2 34,961 12.2
Neuroscience 7,182 7 23,998 8.4
Nutrition No Feeding 35,673 34.7 92,092 321 < (0.00
Enteral Nutrition 58,853 57.2 156,091 54.4
Parenteral Nutrition 692 0.7 3,068 1.1
Both Enteral Nutrition and 7,637 7.4 35,676 12.4
Parenteral Nutrition
Any Gastrointestinal Diseases 2,690 2.6 11,226 3.9 <0.001
Cirrhosis 536 0.5 5,293 1.8 <0.001
Heart Failure 13,265 12.9 46,824 16.3 <0.001
Immunosuppression 2,190 21 10,571 3.7 < 0.001
Intubated in the First Day 60,078 58.4 160,521 55.9 <0.001
Risk Factors  Coagulopathy 22,573 21.9 82,974 28.9 < 0.001
Mechanical Ventilation > 24 72,717 70.7 201,354 70.2 <0.001
Hours
Traumatic Brain Injury 7,962 7.7 12,992 45 <0.001
Hepatic Failure 376 0.4 4,028 1.4 <0.001
Hydrocortisone> 250 Mg / Day 6,154 6 17,403 6.1 0.018

or Equivalent
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Appendix Il Table 11, Continued

Characteristics

Bivariable Analyses

H2Bs PPIs P-value
n=102,855 n=286,927
Freq. Col % Freq. Col %
Transplantation 61 0.1 507 0.2 0.006
Acute Myocardial Infarction 2,726 2.7 5,526 1.9 < 0.001
Sepsis 24,679 24 85,619 29.8 <0.001
Neurological Injuries 23,685 23 41,097 14.3 < 0.001
Surgical And Multiple Trauma 24,872 24.2 55,41919.3 <0.001
Hypotension 28,919 28.1 89,425 31.2 < 0.001
Acute Renal Failure 26,637 25.9 94,539 329 €0.0
Burns> 30% BSA 315 0.3 221 0.1 0.002
ICU LOS > 7 Days 72,107 70.1 206,664 72 <0.001
Medications  Anticoagulants 58,107 56.5 162,645 56.7 < 0.001
Antiplatelets 62,397 60.7 171,372 59.7 <0.001
Thrombolytics 9,532 93 24,316 8.5 < 0.001
NSAIDs 55,894 54.3 157,729 55 <0.001
Aminoglycosides 5,597 5.4 19,268 6.7 0.001
Cephalosporins 43,974 428 113,597 39.6 <0.001
Flouroquinolones 33,151 32.2 105,189 36.7 < 0.001
Lincosamide 5,828 5.7 15,547 5.4 0.01
Linezolid 6,707 6.5 22,992 8 < 0.001
Macrolides 10,172 9.9 29,996 10.5 <0.001
Metronidazole 12,121 11.8 43,145 15 < 0.001
Other B-lactams 13,314 129 51,816 18.1 <0.001
Penicillins 52,171 50.7 163,159 56.9 < 0.001
Tetracyclines 1,334 1.3 5,392 1.9 <0.001
Vancomycin 51,409 50 149,083 52 0.002
Antibiotics, Others 3,005 2.9 12,835 45 <0.001
Admission Direct Admission 10,604 10.3 25,307 8.8 < 0.001
Source
Emergency Room 53,088 51.6 143,214 49.9
Floor 14,447 14 54,080 18.8
Operating Room 16,133 15.7 36,918 129
Other (Other Hospital or ICU, 8,583 8.3 27,408 9.6
Recovery Room, Step-Down
Unit, Chest Pain Center)
Year of 2008 16,046 15.6 51,973 18.1 <0.001
Admission
2009 21,560 21 65,891 23
2010 26,430 25.7 67,410 235
2011 25,615 24.9 71,877 25.1
2012 13,204 12.8 29,776 104
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Appendix Il Table 11, Continued

Characteristics

Bivariable Analyses

H2Bs PPIs P-value
n=102,855 n=286,927
Freq. Col % Freq. Col %
Physician Internal medicine 9,711 94 53,044 18.5 < 0.001
Specialty
Pulmonary 23,090 22.4 57,162 19.9
Hospitalist 6,472 6.3 28,453 9.9
Cardiology 6,619 6.4 17,489 6.1
Surgery-general 7,485 7.3 18,260 6.4
Critical care medicine 10,193 9.9 20,720 7.2
Family practice 4,182 4.1 17,271 6
Surgery-cardiac 5,128 5 9,610 3.3
Others 29,975 29.1 64,918 22.6
Teaching Hospital 53,605 52.1 71,248 24.8 <0.001
Continuous APACHE Score IV (Mean, SD) 67 27592 72 27.639 <0.001

Variables
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Instrumental variable analysis:

Objective: To construct an IV that is highly coateld with the receipt of PPIs for three
days and uncorrelated with unmeasured factoraigtinfluence the occurrence of

CDAD.

While the first condition can be tested, the secomalition can only be supported by the
literature and the logic used in constructing teThe chosen IV was being in a PPI unit
defined as a unit that prescribed PPIs to at B@&t of patients. When at least 90% of
patients receive PPIs, it is most likely that présieg decision was related to the ICU
practice rather than patients’ characteristicseré&fore, such IV should suffice the two
aforementioned conditions. The cutoff of 90% wassem to reflect this logic i.e. being
in a PPI1 unit should be highly correlated with theeipt of PPIs. In addition, it reduces
the possibility that the 1V is associated with ampbserved factor that may influence
CDAD. Although this assumption cannot be tested résults from the IV analysis can
be used as an affirmative approach for the maitysisaln constructing this IV, number
of patients in each unit per calendar year wasraeted to form the denominator. Next,
number of patients who received PPIs in each dethmits formed the numerator which

was multiplied by 100 to calculate the percentage.

The model used in the first stage:

Logit {Pr (Y=1])}= Bo+BLPPIUNIT90 +32DEMOG +B3SURF +34CONDITIONS 45

ICUTYPE+B6PHYSICIAN +B7TEACHING+8YEAR+

Where:
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PPIUNIT90: A dummy variable for being in an ICU tipaescribed PPIs to at least 90%

of the patients.

DEMOG: A vector of categorical variables for pat@memographics (gender, race,
age).

SURF: A vector of dummy variables for stress ultgk factors (mechanical ventilation

> 24 hrs. , coagulopathy, major head injuries, majons, sepsis, corticosteroids therapy
> 250 mg of hydrocortisone or equivalent daily, teawenal failure, hepatic failure,
transplantation, neurological injuries, hypotensmgurgery or trauma, or ICU LOS > 1

week)

CONDITIONS: A vector of dummy variable for condiis that may affect treatment
selection (enteral nutrition, gastrointestinal dses, cancer, HIV, intubation in the first

day)

ICUTYPE: A categorical variable for ICU type (medlicsurgical, mixed, trauma,

cardiovascular and neurosciences)

PHYSICIAN: A categorical variable for physician gty ( Internal medicine,
pulmonary, hospitalist, cardiology, surgery-genecatical care medicine, family

practice, surgery-cardiac, others)

TEACHING: A dummy variable for the teaching statiighe admitting hospital.

YEAR: A set of dummy variables for Calendar ye&808, 2009, 2010, 2011 and 2012)
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Testing the presence of the correlation betweenMtend the receipt of PPIs for three

days:

The two-stage least square (2SLS) method was oseldulate partial F-statistics which
determines whether or not the 1V add any signifieadition to the model of the first
stage. As a rule of thumb, if the F-test that sager than 10 then it is strongly correlated
with the exposure. Although the 2SLS method shoulg be used when the exposure is
a continuous variable, the partial F-statistid gtibvides a valid estimation for the
strength of the correlation between the exposudetlaa IV. In our analysis, the partial F-
statistic, adjusted for the clustering effect @ thnit, was 25.6 indicating a strong
correlation between the IV and the receipt of H®Mshree days. This strong correlation
corresponded to an adjusted OR of 12.84 (95%C@&7L05.46) in the first stage

multivariable logistic regression model (AppendixTable 12).
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Appendix Il Table 12: Model for predicting three use of PPIs versus three use of H2Bs using
Instrumental variable technique

Characteristics OR 95%ClI

v ICUs that prescribed 90% of Patients or more PPIs 12.84*** [10.67,15.46]

Gender Female Reference
Male 0.975 [0.923,1.028]

Age 18 To 60 Reference
61 To 70 1.180*** [1.083,1.287]
71 To 80 1.189*** [1.093,1.294]
>81 1.122* [1.026,1.226]

Race Caucasian Reference
African American 1.003 [0.879,1.145]
Hispanic 1.037 [0.783,1.373]
Native American 1.141 [0.917,1.420]
Asian 1.906** [1.265,2.872]
Others 0.669*** [0.540,0.829]

ICU Type Mixed Reference
Cardiovascular-Surgical 0.411* [0.205,0.824]
Coronary Care 0.765 [0.561,1.044]
Trauma 0.690** [0.526,0.906]
Surgical 0.841 [0.573,1.235]
Medical 0.482*** [0.384,0.606]
Neuroscience 0.993 [0.670,1.473]

Nutrition No Feeding Reference
Enteral Nutrition 1.128 [0.956,1.330]
Parenteral Nutrition 1.848*** [1.487,2.298]

Any 1.917** [1.239,2.966]

Gastrointesti

nal Diseases

Cancer 1.022 [0.905,1.153]

HIV 0.659 [0.398,1.091]

Intubated in 0.974 [0.888,1.068]

the First Day

Risk Factors Coagulopathy 1.425%** [1.325,1.532]
Mechanical Ventilation > 24 Hours 1.027 [0.931,1.133]
Traumatic Brain Injury 0.901 [0.718,1.130]
Hepatic Failure 3.849*** [2.542,5.828]
Hydrocortisone> 250 Mg / Day or Equivalent 0.979 [0.849,1.129]
Transplantation 6.759*** [2.166,21.09]
Acute Myocardial Infarction 0.577** [0.467,0.715]
Sepsis 1.104* [1.011,1.205]
Neurological Injuries 0.576*** [0.505,0.656]
Surgical And Multiple Trauma 0.698*** [0.627,0.776]
Hypotension 0.996 [0.910,1.091]
Acute Renal Failure 1.334%** [1.240,1.436]
Sucralfate 3.042%** [2.220,4.168]
Antacids 1.028 [0.942,1.121]
Anticoagulants 0.921 [0.821,1.033]
Antiplatelets 0.884** [0.805,0.971]
Thrombolytics 1.164* [1.019,1.331]
NSAIDs 1.034 [0.927,1.154]
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Appendix Il Table 12, Continued

Characteristics OR 95%ClI

Year of 2008 Reference

Admission
2009 0.836 [0.635,1.100]
2010 0.765 [0.578,1.013]
2011 0.768 [0.578,1.021]
2012 0.669* [0.477,0.940]

Physician Internal medicine Reference

Specialty
Pulmonary 0.533*** [0.451,0.630]
Hospitalist 0.664*** [0.573,0.769]
Cardiology 0.597*** [0.498,0.717]
Surgery-general 0.625*** [0.507,0.770]
Critical care medicine (CCM) 0.540*** [0.389,0.748]
Family practice 0.716*** [0.610,0.840]
Surgery-cardiac 0.380*** [0.273,0.530]
Others 0.513*** [0.447,0.590]

Teaching Hospital 0.567*** [0.472,0.681]

Observations 389782

* p<0.05, ** p<0.01, *** p<0.001, IV: Instrumentalariable, ICUs: Intensive Care Units, PPIs: Proton
Pump Inhibitors, NSAIDs: Non-Steroidal Anti-inflanatory Drugs

The C-statistic which measures the ability of thedel to discriminate patients who
received PPIs for three days vs. patients who veddH2Bs for three days at each time
point was 0.801 indicating an acceptable levelisérimination. The residuals calculated
from the first stage were Pearson’s residuals &tju®r the number of patients who

shares the same covariate paftérn
The model for the'? stage:

Log h(t)= logio(t) + BLPPISVSH2Bs $2PRESIDUALS +33SURF +
BACONDITIONS1 5 MEDS+B6PHYSICIAN +B7ADMISSIONS+B8 TEACHING+

BOAPACHEIV+ B10RACE+u
Where:
PPISVSH2Bs: Three days of PPIs therapy vs. Thrge odbH2Bs therapy.
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PRESIDUALS: Pearson’s Residuals adjusted for thebrar of patients sharing the same

covariates pattern.

SURF: A vector of dummy variables for stress ultgk factors (mechanical ventilation
> 24 hrs., major head injuries, major burns, segsigicosteroids therapy > 250 mg of
hydrocortisone or equivalent daily, acute rendufai hepatic failure, transplantation,

neurological injuries, hypotension, surgery or tna or ICU LOS > 1 week)

CONDITIONSZ1: A vector of dummy variables for condits that may influence risk of

CDAD ( Gastrointestinal diseases, immunosuppresanghintubation in the first day)

MEDS: A vector of dummy variables for therapeutasses that may influence risk of
NP (Sucralfate , Antacids, NSAIDs, Aminoglycosid€gphalosporins,
Flouroquinolones, Lincosamide, Linezolid, MacroBd#&letronidazole, Other B-lactams,

Penicillins, Tetracyclines, Antibiotics, Others)

ADMISSIONS: A categorical variable for admissioruste (Direct admission, chest pain
center, emergency room, floor, operating room &hers (other hospital or ICU,

recovery room, step-down unit))

TEACHING: A dummy variable for the teaching statiighe admitting hospital.

APACHEIV: A continuous variable for APACHE-IV score
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Appendix 11l Table 13: Cox Proportional Hazard model for the effect of the receipt of Three
days PPIs vs. Three days H2Bs on the occurrence@fstridium difficile-associated diseases using the
Two Stage Residuals inclusion Method.

Characteristics HR 95%ClI
Exposure Three-day use of PPIs vs. Three-day use of H2Bs 1.497* [1.048,2.139]
Residuals Pearson's Residuals 0.955** [0.926,0.985]
Race Caucasian Reference
African American 1.391* [1.081,1.790]
Hispanic 2.204** [1.212,4.009]
Native American 1.667* [1.119,2.484]
Asian 0.891 [0.338,2.344]
Others 1.883***  [1.357,2.611]
Any Gastrointestinal Diseases 1.021 [0.659,1.584]
Immunosuppression 1.168 [0.778,1.753]
Intubated in the First Day 1.074 [0.864,1.334]
Risk Factors Mechanical Ventilation > 24 Hours 1.492** [1.13%60]
Traumatic Brain Injury 0.604 [0.307,1.187]
Hepatic Failure 0.485 [0.187,1.256]
Hydrocortisone> 250 Mg / Day or Equivalent 0.812 [0.541,1.217]
Transplantation 2.368 [0.369,15.20]
Acute Myocardial Infarction 1.032 [0.522,2.042]
Sepsis 1.005 [0.811,1.244]
Neurological Injuries 0.679* [0.475,0.971]
Surgical And Multiple Trauma 0.899 [0.625,1.292]
Hypotension 0.998 [0.798,1.248]
Acute Renal Failure 1.064 [0.878,1.289]
Medication Sucralfate 0.873 [0.495,1.539]
Antacids 0.997 [0.806,1.234]
NSAIDs 1.003 [0.821,1.224]
Aminoglycosides 1.111 [0.819,1.506]
Cephalosporins 1.128 [0.928,1.372]
Flouroquinolones 0.852 [0.707,1.025]
Lincosamide 1.389* [1.026,1.882]
Linezolid 1.923**  [1.501,2.465]
Macrolides 1.152 [0.886,1.498]
Metronidazole 2.745**  [2.154,3.497]
Other B-lactams 1.484**  [1.208,1.823]
Penicillins 1.386** [1.118,1.717]
Tetracyclines 0.603 [0.287,1.267]
Antibiotics, Others 1.157 [0.803,1.666]
Admission
Source Direct Admission Reference
Emergency Room 0.895 [0.666,1.203]
Floor 1.21 [0.865,1.693]
Operating Room 1.147 [0.707,1.860]
Other (Other Hospital or ICU, Recovery Room, Ste
Down Unit) 1.069 [0.729,1.568]
Teaching
Hospital 0.804 [0.607,1.066]
Continuous
Variables APACHE Score IV 1.004* [1.000,1.007]
Observations Observations 389782




Propensity score matching:
Out of the 84,362 patients, 40,648 patients weeetorone matched resulting in 20,249

patients in each group. In more details, out of@h@254 patients who received PPIs only
20,249 had propensity scores that overlapped Wwike of the H2Bs group. The C
statistic for the propensity score model was Ondiicating an acceptable level of
predicting the receipt of PPIs compared to theipt@é H2Bs. The model passed the
Pearson’s Xtest as the P-value was insignificant (P-valueg0kiit failed the Hosmer-
Lemeshow test as the P-value was less than 0.6@@tever, with the large number of
observations, Hosmer-Lemeshow test becomes vesjtisermaking the P-value
significant most of the times. The groups were imadicon all the included covariates in
the propensity score model. The maximum absoluteepéage of standardized bias was
2.8 with a mean of 0.7 and a median of 0.6. Intaldionly being in a teaching hospital
had a P-value of t-test below 0.05 indicating weg§l matched groups (Appendix I,
Table 14). However, since the absolute percenthg@ndardized bias was less than
10%, no further adjustments were needed. The fiSKDAD was higher among patients
who received PPIs compared to patients who recd#25. (HR: 1.32, 95%CI: 1.034-

1.7; P=0.03).
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Appendix Il Figure 3: Propensity score distribution of patients who received Proton pump
inhibitors for three days (labeled Treated) and paients who received Histamine Type-2 receptors
Blockers (labeled Untreated)

T

T

.2 4 .6 .8 1
Propensity Score
I untreated I Treated: On support

I Treated: Off support

Appendix Il Figure 4: Percentage of Standardized bias across covariatesfore matching and
after matching.
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Appendix Il Table 14: Covariate Distribution Befor e and After performing one to one matching
with no replacement.

Characteristics Mean %bias % of Biast-test
PPIs H2Bs Reduction
n= n= t p>[t|
20,249 20,249
Male Unmatched 0.532 0.540 -1.60 -2.10 0.04
Matched 0.535 0.537 -0.40 73.30 -0.44 0.66
Age 18 To 60 Unmatched 0.376 0.415 -8.00 -10.43 0.00
Matched 0.396 0.396 -0.10 99.00 -0.08 0.94
61 To 70 Unmatched 0.226 0.221 1.00 1.36 0.18
Matched 0.226 0.227 -0.30 67.30 -0.34 0.73
71 To 80 Unmatched 0.223 0.208 3.60 4.58 0.00
Matched 0.218 0.215 0.90 75.10 0.89 0.37
>81 Unmatched 0.176 0.156 5.40 6.96 0.00
Matched 0.160 0.162 -0.50 91.00 -0.50 0.62
Race Caucasian Unmatched 0.773 0.747 6.00 7.88 0.00
Matched 0.756 0.754 0.60 90.60 0.57 0.57
African Unmatched 0.117 0.097 6.30 7.99 0.00
American
Matched 0.098 0.102 -1.20 80.70 -1.26 0.21
Hispanic Unmatched 0.028 0.028 0.30 0.45 0.66
Matched 0.029 0.029 0.40 -21.20 0.41 0.68
Native American Unmatched 0.008 0.005 3.10 3.82 0.00
Matched 0.007 0.006 1.20 60.40 1.26 0.21
Asian Unmatched 0.012 0.013 -1.20 -1.54 0.12
Matched 0.013 0.012 0.60 50.70 0.58 0.56
Others Unmatched 0.063 0.109 -16.80 -23.08 0.00
Matched 0.096 0.097 -0.40 97.90 -0.34 0.74
ICU Type  Mixed Unmatched 0.426 0.581 -31.50 -40.84 0.00
Matched 0.545 0.552 -1.40 95.60 -1.39 0.17
Cardiovascular- Unmatched 0.078 0.098 -6.90 -9.14  0.00
Surgical
Matched 0.099 0.097 0.80 87.90 0.80 0.42
Coronary Care Unmatched 0.208 0.144 17.00 21.32 0.00
Matched 0.159 0.158 0.30 98.50 0.27 0.79
Trauma Unmatched 0.003 0.009 -7.40 -10.79 0.00
Matched 0.007 0.007 0.20 96.60 0.24 0.81
Surgical Unmatched 0.090 0.053 14.40 17.66 0.00
Matched 0.060 0.059 0.20 98.50 0.23 0.82
Medical Unmatched 0.123 0.059 22.70 27.41 0.00
Matched 0.067 0.066 0.50 97.90 0.56 0.58
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Appendix Il Table 14, Continued

Characteristics Mean %bias % of Biast-test
PPIs H2Bs Reduction
n= n= t p>t|
20,249 20,249
Neuroscience Unmatched 0.071 0.056 6.10 7.77 0.00
Matched 0.063 0.061 0.60 90.80 0.58 0.56
Nutrition No Feeding Unmatched 0.383 0.431 -9.80 -12.72 0.00
Matched 0.414 0427 -2.60 73.30 -2.61 0.01
Enteral Unmatched 0.536 0.500 7.20 9.38 0.00
Nutrition
Matched 0.501 0507 -1.20 83.90 -1.17 0.24
Parenteral Unmatched 0.042 0.022 11.20 13.57 0.00
Nutrition
Matched 0.025 0.024 0.10 99.20 0.10 0.92
Any Gastrointestinal Diseases Unmatched 0.031 0.018 8.80 10.80 0.00
Matched 0.019 0.019 -0.10 98.90 -0.11 0.91
Cancer Unmatched 0.075 0.069 2.20 2.85 0.00
Matched 0.072 0.071 0.50 76.00 0.54 0.59
HIV Unmatched 0.002 0.002 0.60 0.81 0.42
Matched 0.001 0.002 -0.90 -45.10 -0.97 0.33
Cirrhosis Unmatched 0.018 0.006 11.20 13.07 0.00
Matched 0.007 0.006 0.80 92.60 1.09 0.28
Neutropenia Unmatched 0.059 0.075 -6.00 -7.98 0.00
Matched 0.069 0.069 0.00 99.30 0.04 0.97
Thrombocytopenia Unmatched 0.175 0.121 15.00 18.80 0.00
Matched 0.135 0.130 1.30 91.00 1.42 0.16
Immunosuppression Unmatched 0.035 0.024 6.50 8.12 0.00
Matched 0.029 0.027 1.30 80.80 1.30 0.19
Intubated Unmatched 0.444 0.495 -10.30 -13.31 0.00
in the First
Day
Matched 0.478 0.484 -1.10 89.00 -1.13 0.26
Risk Coagulopathy Unmatched 0.249 0.206 10.30 13.21 0.00
Factors
Matched 0.221 0.215 1.40 86.50 1.43 0.15
Mechanical Unmatched 0.516 0.556 -8.00 -10.32 0.00
Ventilation > 24
Hours
Matched 0.543 0548 -1.00 87.50 -1.01 0.31
Traumatic Brain  Unmatched 0.035 0.055 -9.80 -13.29 0.00
Injury
Matched 0.044 0.045 -0.20 98.30 -0.17 0.87
Hepatic Failure Unmatched 0.011 0.003 8.70 10.12 0.00
Matched 0.004 0.004 0.60 92.50 0.85 0.39
Hydrocortisone Unmatched 0.042 0.043 0.00 -0.05 0.96
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Appendix Il Table 14, Continued

Characteristics Mean %bias % of Biast-test
PPIs H2Bs Reduction
n= n= t p>t|
20,249 20,249
> 250 Mg / Day
or Equivalent
Matched 0.041 0.043 -0.80 -1948.90 -0.79 0.43
Transplantation ~ Unmatched 0.002 0.001 2.30 2.83 0.01
Matched 0.002 0.001 2.20 5.50 2.12 0.03
Acute Unmatched 0.025 0.037 -7.40 -10.03 0.00
Myocardial
Infarction
Matched 0.036 0.037 -0.90 87.70 -0.85 0.40
Sepsis Unmatched 0.236 0.191 11.10 14.15 0.00
Matched 0.201 0.201 -0.20 98.40 -0.19 0.85
Neurological Unmatched 0.114 0.168 -15.70 -21.12 0.00
Injuries
Matched 0.141 0.143 -0.70 95.30 -0.74 0.46
Surgical And Unmatched 0.180 0.246 -16.00 -21.31 0.00
Multiple Trauma
Matched 0.235 0.229 1.30 92.20 1.22 0.22
Hypotension Unmatched 0.241 0.221 4.60 5.92 0.00
Matched 0.224 0.225 -0.30 93.10 -0.32 0.75
Acute Renal Unmatched 0.276 0.220 13.10 16.64 0.00
Failure
Matched 0.231 0.233 -0.30 97.80 -0.29 0.77
Medication Sucralfate Unmatched 0.026 0.012 10.30 12.42 0.00
Matched 0.017 0.014 2.60 74.60 2.94 0.00
Antacids Unmatched 0.272 0.297 -5.50 -7.13  0.00
Matched 0.293 0.292 0.20 96.00 0.22 0.83
Anticoagulants Unmatched 0.462 0.483 -4.30 -5.60 0.00
Matched 0.482 0.485 -0.70 82.70 -0.75 0.45
Antiplatelets Unmatched 0.525 0.564 -8.00 -10.30 0.00
Matched 0.565 0.565 0.00 99.50 -0.04 0.97
Thrombolytics Unmatched 0.047 0.067 -8.40 -11.35 0.00
Matched 0.066 0.065 0.40 94.70 0.42 0.67
NSAIDs Unmatched 0.446 0.472 -5.30 -6.85 0.00
Matched 0.462 0.463 -0.30 93.80 -0.33 0.74
Aminoglycosides Unmatched 0.033 0.030 1.60 2.00 0.05
Matched 0.031 0.030 0.60 63.70 0.57 0.57
Cephalosporins  Unmatched 0.297 0.335 -8.10 -10.62 0.00
Matched 0.318 0.321 -0.70 91.30 -0.71 0.48
Flouroguinolone  Unmatched 0.268 0.226 9.90 12.67 0.00
S
Matched 0.239 0.239 0.00 99.50 0.05 0.96
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Appendix Il Table 14, Continued

Characteristics Mean %bias % of Biast-test
PPIs H2Bs Reduction
n= n= t p>t|
20,249 20,249
Lincosamide Unmatched 0.036 0.038 -1.00 -1.26 0.21
Matched 0.037 0.037 -0.40 54.00 -0.45 0.66
Linezolid Unmatched 0.032 0.026 3.50 4.45 0.00
Matched 0.028 0.028 0.20 93.30 0.24 0.81
Macrolides Unmatched 0.075 0.073 0.60 0.83 0.40
Matched 0.071 0.075 -1.30 -103.70 -1.33 0.18
Metronidazole Unmatched 0.087 0.063 9.30 11.71 0.00
Matched 0.069 0.068 0.70 92.40 0.75 0.46
Other B-lactams Unmatched 0.094 0.071 8.40 10.63 0.00
Matched 0.077 0.076 0.30 96.20 0.34 0.74
Penicillins Unmatched 0.427 0.354 15.00 19.33 0.00
Matched 0.376 0.374 0.40 97.20 0.43 0.67
Tetracyclines Unmatched 0.011 0.009 2.60 3.29 0.00
Matched 0.009 0.009 -0.50 81.00 -0.53 0.60
Vancomycin Unmatched 0.338 0.323 3.00 3.92 0.00
Matched 0.328 0.332 -0.80 73.80 -0.80 0.42
Antibiotics, Unmatched 0.016 0.013 2.90 3.70 0.00
Others
Matched 0.014 0.014 0.20 93.00 0.21 0.83
Admission Direct Admission Unmatched 0.084 0.098 -4.90 -6.43  0.00
Source
Matched 0.095 0.095 0.00 99.30 0.03 0.97
Emergency Unmatched 0.530 0.515 2.90 3.81 0.00
Room
Matched 0.509 0.513 -0.90 70.90 -0.86 0.39
Floor Unmatched 0.177 0.132 12.70 15.99 0.00
Matched 0.142 0.142 0.20 98.30 0.23 0.82
Operating Room Unmatched 0.130 0.177 -13.00 -17.30 0.00
Matched 0.172 0.170 0.70 94.90 0.63 0.53
Other (Other Unmatched 0.078 0.078 0.10 0.13 0.89
Hospital or ICU,
Recovery Room,
Step-Down Unit)
Matched 0.081 0.080 0.40 -273.10 0.38 0.70
Year of 2008 Unmatched 0.167 0.146 5.60 7.14 0.00
Admission
Matched 0.145 0.148 -0.90 84.50 -0.90 0.37
2009 Unmatched 0.222 0.204 4.50 5.85 0.00
Matched 0.207 0.206 0.20 96.00 0.18 0.85
2010 Unmatched 0.241 0.255 -3.20 -4.19 0.00
Matched 0.247 0.253 -1.40 55.10 -1.45 0.15

221



Appendix Il Table 14, Continued

Characteristics Mean %bias % of Biast-test
PPIs H2Bs Reduction
n= n= t p>t|
20,249 20,249
2011 Unmatched 0.254 0.258 -0.90 -1.18 0.24
Matched 0.263 0.259 0.90 0.60 0.90 0.37
2012 Unmatched 0.116 0.137 -6.30 -8.32 0.00
Matched 0.139 0.134 1.40 77.50 1.39 0.17
Physician  Internal Unmatched 0.205 0.119 23.50 29.05 0.00
Specialty medicine
Matched 0.133 0.133 0.10 99.50 0.12 0.91
Pulmonary Unmatched 0.167 0.193 -7.00 -9.12  0.00
Matched 0.194 0.195 -040 94.10 -0.40 0.69
Hospitalist Unmatched 0.112 0.073 13.40 16.68 0.00
Matched 0.079 0.079 0.00 99.90 0.02 0.99
Cardiology Unmatched 0.067 0.085 -7.00 -9.30 0.00
Matched 0.091 0.086 1.60 77.40 1.48 0.14
Surgery-general Unmatched 0.058 0.069 -4.40 -5.79  0.00
Matched 0.070 0.066 1.50 66.90 1.42 0.16
Critical care Unmatched 0.065 0.084 -7.30 -9.78  0.00
medicine (CCM)
Matched 0.079 0.081 -0.80 89.30 -0.77 0.44
Family practice Unmatched 0.069 0.051 7.60 9.52 0.00
Matched 0.057 0.057 0.10 98.10 0.15 0.88
Surgery-cardiac  Unmatched 0.035 0.062 -12.50 -17.21 0.00
Matched 0.055 0.057 -0.90 9250 -0.89 0.38
Others Unmatched 0.221 0.262 -9.60 -12.56 0.00
Matched 0.242 0.245 -0.70 93.00 -0.67 0.50
Teaching Unmatched 0.233 0.460 -49.30 -66.31 0.00
Hospital
Matched 0.422 0.409 2.80 94.20 2.69 0.01
Continuou APACHE Score  Matched 67.222 63.900 12.50 16.19 0.00
s Variables IV
Unmatched 64.845 64.800 0.20 98.60 0.17 0.86
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Appendix V:

=

i
Universty of Maryland. Baltimore
Inshimhonal Review Board

Phone: (410} 706-3037

Fax: (410) 706-4189

Emal: brpoiiisom wnarvliand adu

NOT HUMAN RESEARCH
DETERMINATION

Diate: June 28, 2013

To: llene Zuckerman
RE: HP-00055085

Thusz letter 15 to acknowledge that the UMB IEB reviewed the information provided and has determined that
the submuzsion does not regure IRB review. This determunation has been made with the inderstanding that
the proposed project does not involve a systemanie imveshgation designed to develop or comtmbute to
gereralizable knowladge OR 2 luman participant (see defimtions below).

Ths determupation apphes only to the activines descnbed m the IRB submission and does not apply should
any changes be made. If changes are made and there are questions zbout whether these activities are human
subject research m whech the orgamzation 15 engaged. please submt 2 new request to the IRB fora
determination.

Definition:s -

Human Rezearch: Any activity that exther:
v Iz “Eesearch” as defined by DHHS and mvolve: “Human Subjects”™ as defined by DHHS (“DHHS
Human Research™); ar
v Is“Research” as defined by FDA and mvelves “Human Subjects”™ as defined by FDA (TDA
Human Research™.

Research as Defined by DHHS: A systematic myvestization, meluding research development, testing and
evaluztion, desipned to develop or contribute to peneralizable knowledze.

Research as Defined by FD'A: Any expeniment that mvelves a test article and one or more lnuman
subjects, and that meets any one of the followmg:

o Must meet the requirements for prior submizsion to the Food and Dug Administration under
section 5031} of the Fedaral Food, Dvug, and Cosmetic Act meanmg any use of a drug other
than the use of an approved drug in the course of medical prachee;

»  Must meet the requirements for pnor submission to the Food and Drug Adminstration under
section 520{g) of the Federal Food, Diug, and Cosmetic Act meamng any actvity that
evaluates the safety or effectrveness of 2 device; OR

v Any actvity the results of which are mtendad to be later submatted to, or held for wspection by,
the Food and Dhug Adoumistration as part of an application for 2 research or marketing

permit.

Human Subject as Defined by DHHS: A Ining indmadual about whom an investgator (whether
professional or student) conducting research obtaims (1} data through Intervention or Interzction with the
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indrvidual or (2} information that 1= both Private Information and Identifiable Information. For the pirpose
of thys defmition:

»  Intervenfion means physical procedures by which data are gatheved (for example, venipunchue)
and mampulations of the subjact or the subject’s environment that are performed for rezearch
parpeses.

»  Inferachon means commmumeation or mterpersonal contact between imvestigator and subject.

+  Prnvate Informanon means mformaton about behawor that ccowrs m a context m which an
mdnidual can reasonably expert that no observation or recording 1= takmg place; and
mformznon which has been provided for specific prrposes by an indrvidual and which the
mdridual can reasonably expect will not be made public (for exampls, a medical record).

»  Identifiable Information means mformation that 15 individually identifiable (Le , the identity of the
subject 17 or may readily be ascertamed by the mvestizator or aszociated with the
mformatien).

Human Subject as Defined by FDIA: 4n indrvidual who 15 or becomes a subject in research, either as a
reciprent of the test aricle or as 2 control. A subject may be either a healthy buman or a patient 4 hmnan
subject meludes an indniduzl on whosze specimen (1dentfied or umdennfisd) a madical device 15 used

Plezse keep a copy of this letter for futwre reference. If vou have any questions, pleaze do not hesitate to
contact the Homan Research Protections Office (HEPO) at (410} 706-3037 or HEPO it som umaryland edu.
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