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Abstract

Background: Inappropriate empiric antimicrobial treatment (IET) contributes to worsened outcomes. While [ET's
differential impact across types of nosocomial pneumonia (NP: non-ventilated [nvHABP], ventilated [vHABP] hospital-
acquired and ventilator-associated [VABP] bacterial pneumonia) is established, its potential interaction with the bacte-
rial etiology is less clear.

Methods: We conducted a multicenter retrospective cohort study in the Premier Healthcare Database using an
administrative algorithm to identify NP. We paired respective pathogens with empiric treatments. Antimicrobial cover-
age was appropriate if a drug administered within 2 days of infection onset covered the recovered organism(s). All
other treatment was IET.

Results: Among 17,819 patients with NP, 26.5% had nvHABP, 25.6% vHABP, and 47.9% VABP. Gram-negative (GN)
organisms accounted for > 50% of all infections. GN pathogens were ~ 2 x as likely (7.4% vHABP to 10.7% nvHABP) to
engender IET than Gram-positive (GP, 2.9% vHABP to 4.9% nvHABP) pathogens. Although rare (5.6% nvHABP to 8.3%
VABP), GN 4 GP infections had the highest rates of IET (6.7% vHABP to 12.9% nvHABP). Carbapenem-resistant GNs
were highly likely to receive IET (33.8% nvHABP to 40.2% VABP). Hospital mortality trended higher in the IET group,
reaching statistical significance in GN + GP vHABP (47.8% IET vs. 29.3% non-IET, p=0.016). 30-day readmission was
more common with IET (16.0%) than non-IET (12.6%, p=0.024) in GN VABP. Generally post-infection onset hospital
length of stay and costs were higher with IET than non-IET.

Conclusions: IET is~2 x more common in GN than GP infections. Although the magnitude of its impact varies by NP
type, IET contributes to worsened clinical and economic outcomes.
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Background

Nosocomial pneumonia (NP) remains a persistent
clinical problem fraught with both high hospital mor-
tality and costs [1, 2]. Although most accept that hospi-
tal-acquired (HABP) and ventilator-associated (VABP)
bacterial pneumonias are substantively different from
each other, recent findings suggest that HABP rubric fails
to capture significant distinctions between patients with
HABP who do and those who do not require mechanical
ventilation (MV) to manage this infection. Indeed, HABP
requiring MV (VHABP) and not requiring MV (nvHABP)
differ along patient characteristics, pathogen distribu-
tions, and hospital outcomes [3-7]. For example, while
the rates of both P. aeruginosa and methicillin-resistant S.
aureus (MRSA) are higher among patients with nvHABP,
the prevalence of E. coli and methicillin-susceptible S.
aureus (MSSA) in VHABP exceeds that in nvHABP [6].
Most strikingly, hospital mortality and costs are substan-
tially higher in vHABP [5].

One key challenge in all forms of NP is reducing the
risk of administering inappropriate empiric therapy
(IET). Though a plethora of studies underscore the det-
rimental impact of IET on outcomes, instituting correct
empiric treatment remains a challenge. This is mostly due
to two factors: (1) most institutions continue to rely on
culture technology, which takes 2—-3 days to return anti-
bacterial susceptibility results, and (2) a shifting land-
scape of antimicrobial resistance (AMR) [8]. This means
that clinicians are often forced to treat serious infections
based on suboptimal risk stratification schemes, formal
or informal, to address the pathogen(s) patients are most
likely to harbor. Hence, a certain proportion of patients
are exposed to antimicrobials that do not cover their
infection, and thus face an increased risk of mortality
and further morbidity [8]. Furthermore, just as patient
and pathogen characteristics differ, the rates and con-
sequences of IET in NP are also not uniform across its
types. Although we have noted that the rates of IET in
NP are lower than previously reported, there is a gradi-
ent of risk, lowest in vHABP (5.6%) to highest in nvHHABP
(8.5%) [6]. Commensurately, attributable hospital post-
infection onset length of stay (LOS) and costs are nearly
10 times and three times, respectively, greater in nvHABP
than in vHABDP, and three times and twice, respectively,
higher in nvHABP than in VABP [7].

Because studies that utilize modeling to understand
the impact of IET on outcomes may miss subtle but
important differences within various strata of infections,

despite exploring interaction terms, it is important
to examine these patterns within more homogeneous
groups of patients. More specifically, it is not well under-
stood whether and how specific pathogens interact with
the risk of IET exposure and consequent associated
outcomes. For example, IET for MRSA in VABP may
carry different implications than IET for P aeruginosa
in nvHABP. Understanding these subtleties with greater
granularity could help clinicians to target their treatment
to most common and significant pathogens that prevail
in their institutions. Therefore, we examined the risk of
IET across the most common bacterial pathogens iso-
lated from patients with nvHABP, vHABP, and VABP, and
its impact on pathogen- and pneumonia-type-specific
outcomes.

Methods

Ethics statement

Because this study used already existing fully de-identi-
fied data, it was exempt from ethics review under US 45
CFR 46.101(b)4 [9].

Study design and patient population

This was a multi-center retrospective cohort study of
hospitalized patients with culture-positive nvHABP,
vHABDP, or VABP. The case identification approach relied
on a published administrative algorithm [10]. The details
of the study methods can be found in citations #5, #6, and
#7, all analyses conducted in the same cohort [5-7]. We
included adults (age > 18 years) with a pneumonia diag-
nosis in a secondary position, with an index respiratory
and/or blood culture obtained on hospital day 3 or later
for HABP, or on MV day 3 or later for VABP, and with
evidence of antibiotic treatment on the day of the index
culture and for the next> 3 consecutive days. To reduce
misclassification, patients fitting the definition for a com-
plicated urinary tract infection or a complicated intra-
abdominal infection were excluded [11, 12].

Data source

The data derived from the Premier Research database, an
electronic laboratory, pharmacy and billing data reposi-
tory, for years 2012 through the 3rd quarter of 2019. For a
detailed description of the database, please, see citations
[5-7, 10-15]. Approximately 200 US institutions submit-
ted microbiology data during the study time frame. Fur-
ther details of the current cohort have been published
elsewhere [5-7].
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Pneumonia classification

HABP was defined as a pneumonia with the index culture
occurring with the patient not on MV, and VABP with
the index culture during MV for 3+ days. HABP was fur-
ther categorized into vVHABP and nvHABP. Namely, we
defined vHABP in patients who needed MV <5 days fol-
lowing the onset of the index HABP episode; conversely,
HABP was nvHABP when MV was not required within
the same time frame.

Microbiology and empiric treatment

We examined pathogens that commonly cause bacterial
nosocomial pneumonia. Specific organisms of interest
were Pseudomonas aeruginosa, Acinetobacter bauman-
nii, Stenotrophomonas maltophilia, Haemophilus spp,
Moraxella catarrhalis, Enterobacterales, Staphylococcus
aureus (both MSSA and MRSA), Streptococcus pneumo-
niae, and other Streptococcus spp.

Susceptibilities were grouped into S (susceptible) or R
(resistant, combining both R and intermediate, I). Gen-
erally, carbapenem resistance (CR) required a gram-neg-
ative organism to be I or R to imipenem, meropenem,
ertapenem, or doripenem. CR in P aeruginosa and A.
baumannii was defined more narrowly as I or R to anti-
pseudomonal carbapenems—imipenem, meropenem,
or doripenem. All S. maltophilia isolates were assumed
to be CR. Susceptibility to either a carbapenem or to a
third-generation cephalosporin signified carbapenem
susceptibility (CS). Non-susceptibility among Enterobac-
terales to any one of the third generation cephalospor-
ins (C3R) was examined as a phenotypic surrogate for
extended spectrum beta-lactamase (ESBL) containing
organisms. Finally, we identified pathogens resistant to
the following non-carbapenem anti-pseudomonal beta
lactams: cefepime, ceftazidime, ceftazidime/avibactam,
ceftolozane/tazobactam, and piperacillin/tazobactam.

Appropriate empiric coverage was a drug that covered
the identified pathogen and was administered within 2
days of the index culture being obtained. Appropriate-
ness of treatment was considered “indeterminate” if there
were not adequate susceptibility data either reported
directly or subject to the above algorithms. All other
treatment was considered IET.

All microbiology results were based on the local testing
done by participating hospitals using CLSI breakpoints to
determine susceptibilities.

Outcome variables

The primary outcome of interest was all-cause hospital
mortality. Secondary outcomes included post-infection
onset MV duration; post-infection ICU LOS; hospital
LOS (total and post-infection onset); hospital costs; and
30-day readmission rates among survivors.
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Statistical analyses

We report descriptive statistics to compare the rates of
IET for every pathogen of interest stratified by pneumo-
nia type. We further grouped the pathogens by pertinent
susceptibility profiles and whether they were Gram-neg-
ative or Gram-positive to derive similar comparisons.
Finally, we explored the outcomes in nvHABP, vHABP,
and VABP groups stratified by both Gram-stain category
and IET.

Continuous variables are reported as means with
standard deviations (SD) and as medians with interquar-
tile ranges (IQR). Differences between mean values were
tested via a one-way ANOVA test, and between medians
using the Kruskal-Wallis test. Categorical data are sum-
marized as proportions, with the Chi-square test used
to examine inter-group differences unless a cell count
was <5, wherein the Fisher exact test was used. p-val-
ues < 0.05 were considered statistically significant.

Results

Among 17,819 patients who met enrollment criteria,
26.5% had nvHABP, 25.6% vHABP, and 47.9% VABP.
Gram-negative (GN) pathogens accounted for>50% of
all infections across NP types (Table 1). IET was admin-
istered to 8.5% in nvHABP, 5.6% in vHABP, and 7.2% in
VABP. Patients with a GN pathogen were ~2 X as likely
(7.4% vHABP to 10.7% nvHABP) to receive IET than
persons with a Gram-positive (GP, 2.9% vHABP to 4.9%
nvHABP) pathogen. Individuals with mixed GN+ GP
infections had the highest rates of IET (6.7% vHABP to
12.9% nvHABP). Both C3R (up to 24.3%, in nvHABP) and
CR (up to 40.2%, in VABP) organisms placed patients at a
higher risk for IET (Table 1).

Across all pneumonia types, specific organisms with
the most elevated risk for IET were S. maltophilia, A.
baumannii, and Providencia spp (Additional file 1:
Table S1). These isolates, however, were relatively infre-
quent. For example, S. maltophilia was isolated in 0.6%
of nvHABP and vHABP, and 1.2% of VABP, while its IET
risk ranged from 61.5% in nvHABP to 75.9% in vHABP
(Figs. la—c). Indeed, among all patients receiving IET,
ten organisms accounted for 88% of all IET administered
within nvHABP, 89% within vVHABP, and 86% within
VABP groups (Table 2). However, among them, only the
differences in IET prevalence across pneumonia types
in MRSA, P aeruginosa, MSSA, H. influenzae, and E.
coli reached statistical significance (Additional file 1:
Table S1).

With the exception of mixed GN + GP infections, hos-
pital mortality did not differ significantly between the IET
and non-IET groups (Table 3). In the GN+GP group,
mortality was numerically lower with IET in nvHABP
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Table 1 Pathogen characteristics and inappropriate empiric treatment
nvHABP % VvHABP % VABP % P-value
N=4728 (26.53%) N=4561 (25.60%) N =8530 (47.87%)
Gram stain status
GN only 2603 55.05% 2435 53.39% 4835 56.68%
IET 278 10.68% 180 7.39% 449 9.29% 0.001
Indeterminate 200 7.68% 168 6.90% 329 6.80%
Non-IET 2125 81.64% 2087 85.71% 4057 83.91%
GP only 1862 39.38% 1781 39.05% 2987 35.02%
IET 91 4.89% 51 2.86% 117 3.92% 0.007
Indeterminate 204 10.96% 164 9.21% 291 9.74%
Non-IET 1567 84.16% 1566 87.93% 2579 86.34%
GN+GP 263 5.56% 345 7.56% 708 8.30%
IET 34 12.93% 23 6.67% 49 6.92% <0.001
Indeterminate 65 24.71% 46 13.33% 17 16.53%
Non-IET 164 62.36% 276 80.00% 542 76.55%
Specific resistant pathogens
CR (@among GN patients) 213 7.43% 186 6.69% 493 8.89%
IET 72 33.80% 68 36.56% 198 40.16% 0310
Indeterminate 27 12.68% 16 8.60% 43 8.72%
Non-IET 114 53.52% 102 54.84% 252 51.12%
C3R (among Enterobaterales) 272 14.43% 284 14.90% 493 12.86%
IET 66 24.26% 46 16.20% 86 17.44% 0.032
Indeterminate 16 5.88% 15 5.28% 42 8.52%
Non-IET 190 69.85% 223 78.52% 365 74.04%

nvHABP = non-ventilated HABP; vHABP = ventilated HABP; VABP = ventilator-associated bacterial pneumonia; MRSA = methicillin-resistant S. aureus;
MSSA = methicillin-susceptible S. aureus; SD = standard deviation; IQR = interquartile range; I[ET =inappropriate empiric therapy; GP = Gram positive; GN = Gram-
negative; CR = carbapenem resistant; C3R =resistant to 3rd generation cephalosporins

and VABP, but significantly higher in vHABP (47.8%
IET vs. 29.3% non-IET, p=0.016) (Table 3). Similarly,
30-day readmission among those discharged alive, was
significantly more common in the setting of IET (16.0%)
than non-IET (12.6%, p=0.024) in GN VABP only. The
post-infection onset hospital length of stay was gener-
ally longer in the setting of IET, but did not reach sta-
tistical significance in every case (Table 3). For example,
while the mean+ SD post-infection LOS among patients
with a GN nvHABP was 20.1+38.6 days with IET vs.
12.3£18.9 days with non-IET (p <0.001), in the setting of
VABP this difference was much smaller, 21.5426.3 days
with IET vs. 19.2 £ 23.9 days with non-IET, p=0.141.
Costs were also generally higher with IET than
with non-IET, but not every comparison reached sta-
tistical significance (Table 3). Mean costs with IET
significantly exceeded those with non-IET in all pneu-
monia types in the setting of a GN infection: nvHABP
$76,777+£$101,564 IET vs. $60,765+$70,877 non-
I[ET, p=0.003; vHABP $102,478+$91,918 IET wvs.
$86,154+$72,384 non-IET, p=0.015, and VABP
$123,268+£$106,242 IET vs. $108,951+$94,676,
p=0.010. The same comparisons reached statistical

significance only in nvHABP when the pathogen(s) was
(were) GP (p=0.005) or GN+ GP (p=0.014).

Discussion

We demonstrate that, although less common than in past
reports, IET continues to occur in the setting of NP, rang-
ing in prevalence depending not only on pneumonia type,
but also on the causative pathogen. While IET occurs in
between 3 and 5% of only GP infections and between 7
and 11% of only GN ones, irrespective of pneumonia type
the risk is much higher when there are both GN and GP
pathogens present, reaching 13% in nvHABP. Likewise,
specific organisms, such as S. maltophilia, e.g., though
isolated in~1% or fewer cases, pose a much greater risk
of IET. This is consistent with the fact that AMR drives
the rate of IET, ranging from 24% in C3R to 40% in CR
organisms. More importantly, these patterns of IET carry
different implications in different settings. Thus, hospital
mortality increased with IET only among patients whose
nvHABP is caused by a mix of GN and GP organisms,
while 30-day readmission is reduced with non-IET only
in GN VABP. While LOS and hospital costs are consist-
ently numerically higher with IET in all pneumonia
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Fig. 1 Pathogen and IET prevalence stratified by pneumonia type. *P <0.001. **P < 0.050. ***P < 0.100. MSSA = methicillin-susceptible S. aureus;
MRSA = methicillin-resistant S. aureus; nvHABP = non-ventilated hospital-acquired bacterial pneumonia; IET = inappropriate empiric treatment;
vHABP = ventilated hospital-acquired bacterial pneumonia; VABP = ventilator-associated bacterial pneumonia
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Table 2 Pathogens most commonly accounting for IET exposure

nvHABP vHABP VABP

N % N % N %
Pseudomonas aeruginosa 103 24.18 45 17.37 117 18.51
Escherichia coli 51 11.97 38 14.67 35 5.54
MSSA 50 11.74 33 12.74 78 1234
MRSA 49 11.50 23 8.88 40 6.33
Klebsiella pneumoniae 47 11.03 21 8.11 57 9.02
Enterobacter cloacae 21 493 20 7.72 59 9.34
Stenotrophomonas maltophilia 16 3.76 22 849 64 10.13
Serratia marcescens 15 352 1 4.25 42 6.65
Proteus mirabilis 12 282 1 039 7 1.1
Acinetobacter baumannii 12 2.82 17 6.56 43 6.80
Other 50 11.74 28 10.81 90 14.24

" "Other” category consists of the organisms listed in Additional file 2: Table S2

IET =inappropriate empiric treatment; nvHABP = non-ventilated hospital-acquired bacterial pneumonia; vHABP = ventilated hospital-acquired bacterial pneumonia;
VABP = ventilated hospital-acquired bacterial pneumonia; MSSA = methicillin-susceptible S. aureus; MRSA = methicillin-resistant S. aureus

types, particularly when caused by a GN or GN+GP,
only in nvHABP do all these values reach statistical sig-
nificance across all organisms. This suggests that future
quality efforts need to address this syndrome specifically
as it represents an area where marginal improvements in
diagnostics and pathogen identification may result in sig-
nificant, patient centered improvements.

Although earlier studies have shown consistent wors-
ening of hospital outcomes, including mortality, LOS,
and costs, in association with IET, this was in the set-
ting of much higher rates of IET. For example, Alvarez-
Lerma et al. reported an IET rate of 27% in a cohort of
490 patients enrolled during the late 1980s in Spain with
an ICU-acquired pneumonia [16]. In a smaller single-
center cohort study of patients with VABP in the US in
the early 2000s, Iregui and coworkers found an IET rate
of 31% [17]. Both these and other studies conducted in
earlier eras have documented a high prevalence of IET
and its detrimental effects to patients. A meta-analysis of
studies examining the efficacy of non-IET in sepsis pub-
lished in 2010 identified 70 suitable studies, of which 13
focused on pneumonia (9 ventilator-associated) [18]. The
enrollment periods for these 13 investigations spanned
1988-2005, with three (all VABP) from 2000 or later,
including Iregui et al. [17]. Similar to the US study, Selig-
man et al. reported the rate of IET in a Brazilian institu-
tion between 2003 and 2005 to be 27% [19]. In contrast, a
study from France, 2001-2004, found a much lower rate
of IET of 13% [20].

A more recent meta-analysis of hospital-initiated
IET in severe infections reporting on 27 studies pub-
lished between 2004 and 2014 found a wide range of
IET between 14 and 79% [21]. In six papers with only

pneumonia patients, IET was reported in 49-68%
(52-68% HABP/VABP only). Notably, none of these
studies enrolled after 2010, and none was set in the US
[21]. A subsequent multicenter study from Korea in the
setting of NP in 2019 reported that 44% of all HABP/
VABP patients received IET [22]. This rate is most likely
explained by the extremely high prevalence of GN infec-
tions (91%) and multidrug resistance (70%).

Our investigation not only provides the most current
snapshot of microbiology of NP in the US, but also adds
granularity to the interaction between organisms and
empiric treatment, with a particular emphasis on patho-
gens that raise the risk of IET. While IET is lower in prev-
alence than previously reported, <10%, across all three
types of NP examined, there is considerable variation by
organism: highly resistant pathogens are rare, but highly
likely to undergo IET. This concurrence of IET with the
infrequent isolation of highly drug resistant organisms
explains the relative low prevalence of IET in this broadly
defined cohort. This suggests that treatment paradigms
that recommend initiating therapy with broad spectrum
agents have generally proven successful at diminishing
rates of IET, but have, nonetheless, left gaps in selected
scenarios.

We further confirm that at least some of the outcomes
continue to be worse in the setting of IET, though not all,
and not across all pneumonia types. It bears mentioning
that in some cases, such as in VABP when it is due to a
GP or a polymicrobial mixed GP and a GN etiology, hos-
pital mortality paradoxically trends higher with non-IET
than with IET. There are two potential explanations for
this. First, since these differences did not reach statisti-
cal significance, it may be an artifact of small sample size.



Page 7 of 13

(2022) 22:775

Zilberberg et al. BMC Infectious Diseases

%00'L L or 8Ly %EEEL T4 S61 %ES'EC [43 9el 13J-uou
a1eu
9€80 %€E8"L L L €6 1290 %56'L1 VA 6¢ LE60 %S0'LC 4! VAT (VORI olV]]
%56l 9 (9% %991 4 cl %EEEC L 0¢ 131
(Pox1W) ND+dD
%6111 [4%4 ¥/0C %E9SL VL1 eLLL %6l 9¢ 9l 131-uou
d1eu
0C€0 %lyEl €€ )74 8710 %E091 1z el orl'o %06°€L 9¢ /81 -lwisispul
%C6'L 8 Lot %8L'LC 0l 9¢ %8L'CC 8l 6/ 13
AJuo 4o
%85°CL S6€ orle %Lyl cle Va4 %81°0¢ S8¢€ 8061 13-uou
d1eu
200 %91’ LL 144 [474 ¥0€0 %r0el Sl GlLL €050 %0981 43 [YAREEVIE Elell]
%0091 9s 0S¢ %EE6L €C 6L1 %S6'CC 9s 1444 13
AJUO ND
SIOAIAINS 4O} UOISSIUIpeaI ABP-OF
%88'CC 4 [472] %S¢'6C 18 9/T %L0°L1L 8¢ 91 13l-uou
S1eu
L1Z0 %150¢ ¥ LLL 9100 %CCSL L o 5550 %LlETL 8 G9  -luIRBpUy|
%vCClL 9 6 %E] LY Ll € %911 14 ve 131
(Pox1w) ND+d9
%8561 S0S 6/5¢C %€E6'8¢C €Sy 9961 %80°€L S0¢ £9G1 131-uou
d1eu
8/00 %911 St l6¢ £500 %C1°0C €¢ 91 510 %EE'8 Al $07  -lua1epy|
%89°¢L ol LLL %Ll¥'6C Gl LS %6LEl 4! L6 131
AJUo 4o
%09°CC /16 LS50 %CS6C 919 £80¢C %LlC0olL yAY4 SCle 13J-uou
d1eu
5060 %0t'€C YA 6C¢ €0 %GG°LE €S 891 GLL0 %0071 8¢ 00C  -lwiaepuy|
%S0°CC 66 (5124 %68'¢E 19 081 %ECCL 143 8/¢ 131
Auo NO
Aijenow eydsoH
awodno 2WO0dIN0  judwWieas) awodno 2WO0dIN0  Judwileal) awod1no 2WO0IN0  JudWieaI]}
Yim o, YUMN PoAIdaIN Yum o, YUMN P3AIRdBIN Yum o, YUMN PaAIRdRIN
0€S8=N L9S¥ =N 8TLY=N
anjea-d % ddvA 3njead % ddVHA 9njea-d % dgvHAU

xSowodINo [endsoH € ajqel



Page 8 of 13

(2022) 22:775

Zilberberg et al. BMC Infectious Diseases

[Hoi
[ccel vl [8L96 [szelel uelpaly
(€0 €0c 08)6'LL (L0 9l (@s) ueapy
141

(PaXIW) ND+dD
[4oi
[cc'el loz'/¢l [91'q18 uelpsiy
L1)6L1 (1'61) 691 (1o ect (as) uesiy
13]-uou
4ol
[czelel [cc'el [SL'Y] 2 UeIpay
600 (891)GLL LES0 (c8l) szl 1000> (6eL)ecL (@s) ueapy
9leulwla1pU|
(4ol
[9c'0l]9l [lz’ol]l vl [oz8l €l Uelpsiy
(g8 9le (€81) 861 (60v) T (@s) uesiy
141

AJuo 4o
4ol
[ez8lvL [lz'/el [Pl 'v18 UeIpay
(6€0) T6l (9S1) 89l (68l) €Tl (@s) uespy
13|-uou
[Hoin
[lz'8lvl etz rl'vl8 ueipay
A4N0] (881) 061 0r00 (691) 59l 1000> (s 2Ll (@s) uesy
91eululIpU|
[Hoi
[sz8lvL [ez'8l sl [oz9loL uelpsiy
(€90 5L (870 00¢ (98¢) L'0C (as) uesiy
131

Auo NO

SAep ‘SO 19SUO UOIID3JUI-ISOd

awodjno awodno  jusawjeal awod3no 3W0d}N0  juswieal awod3no awiodno  jusawieas)
yum g, YUMN PaAIRIRIN Ynm o, YUMN PRI N ynm o, YUMN paARIRIN

0€S8=N L9s¥ =N 8CLV=N

anjeA-d % d9VvA Snjead % d9VYHA SnjeAa-d % dgVHAU

(PanupUOd) € 3jqey



Page 9 of 13

(2022) 22:775

Zilberberg et al. BMC Infectious Diseases

[clog6 [69v/8 [e6165 4ol
‘8T0L¥] L0T'6S '8/17C€]1 869°CS '1680¢] 6 1'6¢€ uelpaiy
€0 (056'¢€6) 85878 L1zo (9£2'€9) 06T'LL 5000 (ces'19)9ols'es (@s) ueapy
S1euUIWIRIBpU|
[occeet [¢S9901 [cse68 4ol
'Sv29s] Ly6'v8 7G0€S] #90°€9 '999¢c] tr6'ty uelpaiy
(670'98) €780 (6£6'C01) 816'96 (EVT'L6) ¥EO YL (@s) uespy
14l
AJuo 4o
levrrel [900501 [69¢L/ 4ol
'//09S] TvT'98 '7861¥] 15999 ‘819671 89V LY uelpaiy
(9/9'%6) 156'801 (8€'TL) ¥S1'98 (££8'04) 59409 (@s) ueapy
13}]-uou
levviel [P¥8801 [82€1L [Hoi
'//09S] TvT'98 '/6%8€]19/1'59 '€/887] L¥6' 7Y Uelpsy
0100 (976'88) 8€6'L L L GL00 (£0'L4) 0TEY8 €000 (£5€'99) £10°09 (@s) uesy
91eululIIpU|
[ee/8pL [co6611 [LSs/98 4ol
'€7695] €0€°16 '8008Y] S¥T'LL '61567] 696'3% uelpaiy
(¢rc'o01)
89c'etl (816'L6) 8/¥'T0L (#9S'L0L) ££L'9L (@s) uesiy
14l
Auo NO
$ 51500 |e1dSOH
[Hoi
[lz'8l vl loz'dzl [SL'Sl6 uelpaiy
(891)8/1 (CsL) 2s1 (e el (as) uesiy
13]-uou
[Hoi
W'yl [Fzoll vl [Pl 'v18 uelpaiy
910 919 91lc L£0°0 @lecee 000 (lzh sl (@s) ueapy
S1euUIWIRISpU|
awodino 9W0dIN0  juswiealy awodino 2WO0dIN0  juswileal} awodino aWOd1N0  judswiealy
Yyum o, YUMN PaAIedaIN Yum o, YUMN PaAISdIN yum o, YUMN PaAIRdRIN
0€S8=N L9S¥ =N 8CZLV=N
anjea-d % d9VvA °njead % d9VYHA SnjeAa-d % dgvHAU

(PanuNUOd) € 3jqey



Page 10 of 13

(2022) 22:775

Zilberberg et al. BMC Infectious Diseases

aAnIsod-welb = 4o ‘aanebau-welb = No ‘Adesayy duidws a1endoiddeur = | 3| ‘abuel 3j1nienbiaiul = Yo ‘uoneinap
piepuels = s ‘Aels Jo yibus| =S ‘eluownaud [eLa1deq paleidosse-101e|1udA = dgyA ‘eluownaud |elaideq paiinboe-jelidsoy paje[inuan = dgyHA ‘eluownaud [eua1deq palinboe-jendsoy pale|iiuan-uou = dgyHAU

2Wo23n0 pue adA} eluownaud Yded UIYHM S3RUIWIDISPUI PUR ‘] J|-UOU ‘] J| USSMIS] SIOUIDYIP dY3 O} 12§31 SIN|BA d ||V«

(Y0651 1
'€0/8Y1 TLS'VL

(629'79) 179'68

[6/9zLL
‘TTly) LTS

S0 (€61'18) £L5T'S6

[£5Tsel
'£€9/51TL8'EL

(€98'€/) TST'00L

791901
120971 87’89

(195'1€1) £08'88

90616
'1661€]1 LTE'LS

(919'59) 0199/

(€668
"€¥80v] €68'79

6090 (181'€8) 051'€8

[£/€€0L
'615€€] 96561

(C00'%¥) 95199

[LEC06
‘e9g9¢l CeL'LS

(029'C6) LEL'9L

7100

[ooLes
'20697] CLO'LY

(SS6'CY) 88795

(98865
"LYELT LoV LE

(#65'SS) L9r'eS

[9560CL
'1888¢] 6995

(808'69) GC/'28

[¥9879
'99¢zel 10L's€

(9€€'95) TTl'es

4ol
uelpapy
(as) uesiy
13J|-uou

4ol

uelpapy

(@s) uea
mumc_c'twuwﬁuc_

el
ueIpa

(@s) uesy
131
(Paxiw) ND+d5

[401]
uelpapy

(@s) uesy
13j-uou

awodlno awodlno awodlno 2W0dlno jusawijleal)
yum % yum N yHM % YUMN PaMBIRIN
L9SY=N
anjeaq % dgvA anjer-d % dgVHA anjer-d

awodlno awodlno
ynm o ynm N

juswieas)
paAI@dal N

8CLV=N

%

dgVHAU

(PanuNUOd) € 3jqey



Zilberberg et al. BMC Infectious Diseases (2022) 22:775

On the other hand, it is also possible that with greater
power, the difference might have been significant. If so,
this contradictory result would most likely be due to a
confounding by indication, whereby a sicker patient, as
discerned by the clinician at the bedside (as opposed to
a metric derived from a database), is more likely to have
an adverse outcome despite his/her higher propensity to
receive broader spectrum empiric regimen.

What are the clinical implications of our findings?
The heterogeneity of interactions of IET with organ-
ism and pneumonia types suggests that more accurate
targeting of empiric treatment may not appreciably
improve outcomes across the board. Rather, it may
be more prudent to expend more energy on prevent-
ing this hospital-acquired infection. To reduce rates of
IET further may necessitate using overly broad agents
to cover very rare pathogens. However, embracing
this strategy also carries risk, and may promote fur-
ther AMR with little potential benefit to institutions
or society. When, despite best efforts at prevention a
breakthrough case occurs, the risk of a GN pathogen
specifically in the setting of nvHABP should be evalu-
ated carefully and broad treatment instituted when
such risk is deemed high enough. At the bedside, in the
absence of rapid molecular testing, our data reinforce
the common recommendation to rely on clinical risk
factors alongside the current antibiogram when making
treatment decisions.

Our study has a number of strengths and limitations.
As a large geographically representative multicenter
cohort, its results are highly generalizable to bacterial NP
treated in US institutions. The presence of microbiology
data, as well as timed administration of medications and
other treatments, allow for a more accurate definition
of bacterial NP and exploration of therapies aimed at it.
Furthermore, excluding other potential infections, such
as cIAI and cUTI prevent misclassifying them as NP. One
aspect of how we defined microbiological infection bears
emphasis. Since we required either a respiratory or a
blood culture, it is possible that when both were positive
in a single patient, this represented not pneumonia, but
rather a concurrence of pneumonia and a blood stream
infection unrelated to pneumonia, possible a catheter-
related one. Since we did not exclude such cases, there
is a possibility that we overestimated the prevalence of
polymicrobial NP, and hence the actual rate of IET spe-
cific to NP may be even lower. Conversely, this increase
in specificity necessarily reduces the sensitivity of our
case definition. Furthermore, our interest in NP where a
bacterial pathogen was identified narrows the applicabil-
ity of our findings only to the minority of NP populations
whose pathogen is isolated. Because post-discharge data
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were unavailable, our results apply only to events in the
hospital. Furthermore, this limitation impacts the esti-
mate of 30-day readmissions in two possible ways. First,
the denominator for this calculation may be inflated, as
we did not have access to out-of-hospital mortality. Sec-
ond, only readmissions to the same hospital in the Pre-
mier database are trackable, resulting in the potential to
underestimate the volume of such events. Overall, how-
ever, these omissions are present irrespective of whether
the index hospitalization included IET or not. Bias, a
common problem with observational studies, is a poten-
tial issue here as well. We have tried to mitigate selection
bias by setting a priori case definitions and enrolling all
consecutive patients based on these criteria. While con-
founding may reduce the strength of causal inference, our
study limited itself to descriptions of associations.

Conclusions

In summary, we have demonstrated that in the setting of
bacterial NP, the prevalence of IET is lower than reported
in the past. While it impacts hospital outcomes differen-
tially depending on both the type of NP and the organism,
in many instances it is associated with numerically higher
mortality and costs. Fortunately, highly resistant organ-
isms, which have the highest likelihood of predisposing
to IET receipt, remain rare. Our data also suggest that,
while the best outcome is NP prevention, in the event
one develops, different types of and pathogens in NP
demand variable levels of coverage deployment. Namely,
hospitals with high prevalence of GN pathogens need to
pay more attention to targeting treatment more broadly
than those with higher likelihood of GP. Such broader
approach to empiric therapy, however, should not be the
end of targeted decision making. Indeed, the broader the
empiric choice, the more important it becomes to attend
to prompt de-escalation once the organism has been
identified. In the absence of such de-escalation, we are
simply postponing the inevitable transformation of the
current poor individual outcomes associated with IET
into the global catastrophe of the end of antibiotics due
to the loss of their activity in AMR.
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