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BACKGROUND. Observational studies have demonstrated that de-escalation of antimicrobial therapy is independently
associated with lower mortality. This most probably results from confounding by indication. Reaching clinical stability is
associated with the decision to de-escalate and with survival. However, studies rarely adjust for this confounder.
METHODS. We quantified the potential confounding effect of clinical stability on the estimated impact of de-escalation
on mortality in patients with community-acquired pneumonia. Data were used from the Community-Acquired Pneumonia
immunization Trial in Adults (CAPiTA). The primary outcome was 30-day mortality. We performed Cox proportional-hazards
regression with de-escalation as time-dependent variable and adjusted for baseline characteristics using propensity scores.
The potential impact of unmeasured confounding was quantified through simulating a variable representing clinical
stability on day three, using data on prevalence and associations with mortality from the literature.

RESULTS. Of 1,536 included patients, 257 (16.7 %) were de-escalated, 123 (8.0 %) were escalated and in 1156 (75.3 %)
the antibiotic spectrum remained unchanged. Crude 30-day mortality was 3.5 % (9/257) and 10.9 % (107/986) in the de-
escalation and continuation groups, respectively. The adjusted hazard ratio of de-escalation for 30-day mortality (compared
to patients with unchanged coverage), without adjustment for clinical stability, was 0.39 (95 % Cl: 0.19-0.79). If 90 % to
100 % of de-escalated patients were clinically stable on day three, the fully adjusted hazard ratio would be 0.56 (95 %
Cl: 0.27-1.12) to 1.04 (95 % Cl: 0.49-2.23), respectively. The simulated confounder was substantially stronger than any of
the baseline confounders in our dataset. Quantification of effects of de-escalation on patient outcomes without proper
adjustment for clinical stability results in strong negative bias.

CONCLUSIONS. This study suggests the effect of de-escalation on mortality needs further well-designed prospective
research to determine effect size more accurately.

KEY WORDS: community-acquired pneumonia, antimicrobial therapy, de-escalation, mortality.
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Kniniuna cTabinbHicTb K NOKasaHHA A0 Aeeckanauii aHTUMIKpOGHOI
Tepanii = cynyTHii akTop y po3paxyHKy 3 0-aAeHHOI neTanbHOCTI
BiA, no3anikapHaAHOI NHEeBMOHIi
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ABTOpM He MaloTb KOHGNIKTY iHTepeciB.

AKTYAJIbHICTb POBOTWU. CnocTepexHi AOCNIAXKEHHS NPOAEMOHCTPYBAAM, WO AeecKanalis aHTUMIKpo6Hoi Tepanii
He3aneXxHOo aCoLIETLCS 3 HMXKYOI NeTanbHiCTO. HaliMoBipHille, Lie NoB'93aHOo 3 TUM, LWLO NOKAa3aHHAM A0 Aeeckanauii €
KniHiYHa cTabinbHiCTb, IKka cama coboto € NpeMKTOPOM KPaLLoi BUXKMBAHOCTI. YTiM, Liei CynyTHi GakTop NPakTUYHO HiKOK
He 6epyTb [0 yBaru nig Yac po3paxyHKy NeTanbHOCTI.

METOAMWN. BukopucTtoBytoun AaHi gocnigxeHHs CAPITA, MU ouiHUAM NOTEHUiNHWUIA edeKT KNiHiYHOi cTabinbHOCTI 9K cynyT-
HbOro GakTopa Ha po3paxoBaHMI BNIMB AeecKanaLii Ha CMEepPTHICTb Y 4OPOCAMX NALIEHTIB i3 NO3aniKapHSHOK MHEBMOHIEH.
MepBUHHO KiHLEBO TOYKOo Byna 30-AeHHa NeTanbHiCTb. Y CTaTUCTUYHOMY aHali3i BUKOPUCTANU perpecito MponopLiiHux
pusnkiB Kokca 3 geeckanaui€to gk 3a1€XXHOH0 Bif Yacy 3MiHHO. [TonpaBky Ha BUXiAHI XapaKTePUCTUKM 3LiMCHIOBANM i3 3a-
CTOCYBaHHAM nceBaopaHaoMisaLii. [oTeHWiHWI BNIMB CynyTHIX GaKTOPiB OLiHIOBAIM 3@ LOMNOMOIO CUMYAALLIT 3MIHHOT —
KJiHIYHOT CTabiNbHOCTI HA 3-11 AeHb, 3aCTOCOBYOUM NITEPATYPHI AaHi WOAO i YacTOTM Ta B3AEMO3B'I3KY 3i CMEPTHICTIO.
PE3YJ/IbTATWU. Cepepn 1536 nauieHTiB, BKAOYEHMUX 00 aHanNi3y, Aeeckanauia npoTuMikpobHoi Tepanii 6yna 3AaiicHeHa
y 257 (16,7 %), eckanauis - B 123 (8,0 %), y 1156 (75,3 %) xBopux aHT1OaKTepiaNbHUI CNEKTP 3aMLWABCSH HE3MIHHUM. Y CTa-
TUCTUYHOMY aHanisi 6e3 ypaxyBaHHs cynyTHiX dakTopis 30-AeHHa neTanbHiCTb cTaHoBuAa 3,5 % (9/257) ta 10,9 % (107/986)
y rpynax Aeeckanauii Ta He3MiHHOI Tepanii BiANOBIAHO, LLO BiANOBIAAN0 3HUXEHHIO PU3MKY CMepTi B rpyni aeeckanauii
Ha 61 % (95 % noBipunii inTepBan 21-81 %). 3a ymoBu, Wwo 90 % nauieHTiB i3 feeckanauieto 6ynu KniHiYHO cTabinbHUMM
Ha 3-1 AeHb, 3HWXKEHHS PU3KKY CMEPTi Npu Aeeckanauii cknano Bxe 44 %, a aKwo Takmx nauieHTis 6yno 100 %, aeeckanauis
acouitoBanacs 3 MiABULEHHAM pU3nKy cMepTi Ha 4 %. MNpu LbOMY BNAMB KANiHIYHOI CTabiNbHOCTI K CynyTHbOro GakTopa
Ha edeKT aeeckanauii 6yB 3HAYHO CUNIbHILIMM MOPIBHAHO 3 6YAb-IKMMU IHLUMMK BUXiIAHUMU XapakTepucTukamu. KinbkicHa
OLiHKa HaCNiaKiB Aeeckanalii CTOCOBHO NPOrHO3y NauieHTiB 6€3 NoNpaBKM Ha KAiHIYHY CTabinbHICTb NpU3BOAMAA A0 CUMb-
HOrO HEraTMBHOrO 3MillleHHS (TOBTO HeOOLiIHKM NeTanbHOCTI).

BUCHOBKMW. Bnnus geeckanauii aHTMMiKpoOHOi Tepanii Ha neTanbHiCTb NOTpebye NoaanbLOro BUBYEHHS B Aobpe cnna-
HOBAHWX NPOCNEKTUBHMUX AOCAIAXKEHHAX A9 6iNbll TOYHOrO BU3HAYEHHS AOLINIbHOCTI Takoi cTpaTerii.

K/TIOYO0BI CJTIOBA: no3anikapHsaHa NHEBMOHIS, aHTUMiKpobOHa Tepanis, Aeeckanauis, neTanbHiCcTb.

Cratbs onybnukoBaHa B xypHane PLoS One. 2019; 14 (9): e0218062. Onyb6nunkoBaHo oHnanH 27 ceHTabpa 2019 .
LUundposoit noeHtudumkatop obbekta (doi): 10.1371/journal.pone.0218062

Knuunueckas crabunbHOCTb Kak NOKasaHue K Ae3CKanaumm
AHTUMMKPOOHOM TepanumM — cONyTCTBYIOWMI (paKTOp B pacuere
30-AHEBHOM NETA/ILHOCTH OT BHEOO/IbHUUHONK NHEBMOHUM
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ABTOpbI He UMEeIOT KOH(IMKTA UHTEpPECOB.

AKTYA/NIbHOCTb PABOTbI. HabntopatenbHble MCCNea0BaHMSA NOKasanu, YTo Ae3ckanaumsa aHTUMUKPOOHOM Tepanum Hesa-
BMCMMO accoLumpyeTcs ¢ bonee HU3KOM NeTanbHOCTbI0. BeposTHee Bcero, 370 CBA3aHO C TEM, UTO NOKa3aHUEM K Ae3cKanaumm
ABNSETCA KNMHUYECKas CTabUNbHOCTb, KOTOpas caMa no cebe CYXXUT NPeAUKTOPOM Jlyyllei BbKMBAaEMOCTH. TeM He MeHee 3TOT
CONYTCTBYHOLLMI HDAKTOP NPAKTUYECKM HUKOTAA HE MPUHMMAIOT BO BHUMAHWE NpuY pacyeTe neTanbHOCTU.
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METOAbI. Ncnonb3ysa paHHble nccnepgoanuns CAPITA, Mbl oLeHMAN NOTeHUMANbHbIA 3PDEKT KIMHUYECKOM CTabUABbHOCTH
KaK conyTcTBytoLLero GakTopa Ha pacCUMTaHHOE BAUSIHWE Ae3CKaNaLuMmn Ha CMEPTHOCTb Y B3POC/IbIX MALMEHTOB C BHEOOMbHNY-
HOW MHEBMOHMWEN. [epBUYHOM KOHEYHOM TOUKOM 6bina 30-gHEBHAs NeTanbHOCTb. B CTaTUCTMYECKOM aHANM3e UCMOoNb30Banm
perpeccuio NponopLUMoHanbHbIX puckoB Kokca ¢ geackanauuern BpeMa3aBMCcMMON nepeMeHHON. [TonpaBky Ha MCXOAHble Xa-
PaKTEPUCTUKM OCYLLECTBASN C MPUMEHEHUEM MCEBAOPAHAOMU3ALMN. [0TEHUMANbHOE BAUSIHWE COMYTCTBYOLWMX GaKTOpOB
OLLEHMBA/IM C MOMOLLbIO CUMYNSLMU NEPEMEHHOW — K/IMHUYECKOM CTabuNbHOCTU Ha 3-11 IeHb, MCMONb3YS NUTepaTypHbIe AaHHbIE
OTHOCWTENBHO ee YaCcToTbl M B3aMMOCBA3M CO CMEPTHOCTBHO.

PE3YJIbTATbI. Cpeaun 1536 nauneHTOB, BKJILOYEHHbIX B aHaNU3, Ae3CKanauns npoTMBOMUKPOOHONM Tepanuu Bbina ocy-
wecTeneHa y 257 (16,7 %), ackanaumsa -y 123 (8,0 %), y 1156 (75,3 %) 60nbHbIX aHTMOaKTepManbHbIi CNEKTP OCTaBanACs
HeusMeHHbIM. B cTatuctuyeckom aHanmse 6e3 yyeta conyTcTByLWMX HakTopoB 30-AHEBHAs NeTanbHOCTb cOCTaBuna 3,5 %
(9/257) n 10,9 % (107/986) B rpynnax fe3ckanaumm 1 HEM3MEHHOM Tepanuu COOTBETCTBEHHO, YTO COOTBETCTBOBA/IO CHUXEHUIO
pucka cMepTu B rpynne aesckanaumu Ha 61 % (95 % noseputenbHblii MHTepBan 21-81 %). Mpu ycnosuu, yto 90 % nauneHToB
C Aesckanaumen 6binm KNMHUYECKM CTabUNbHBIMU Ha 3-11 IeHb, CHUXKEHME PUCKA CMEPTU MpW Ae3CKanaLumum coCcTaBuio yxe 44 %,
a ecnv Takmx naumeHToB 6bi10 100 %, neackanaums accoumMmpoBanach C NOBbILLEHWMEM pUCKA CMepTH Ha 4 %. lNpu 3ToM BAUSHME
KJIMHUYECKOM CTabMNAbHOCTM KaK COMYyTCTBYHOLWEro Gaktopa Ha 3ddeKT fAeackanaumm 6bi10 3HaYUTEeNbHO CUbHEE MO CPaBHe-
HUIO C NOOBIMM APYTUMU UCXOAHBIMU XapaKTeEPUCTUKAMU. KonmuecTBeHHas oLeHKa NocneacTBMi Ae3CcKanauum OTHOCUTENTIbHO
NpOorHo3a naumeHToB 6e3 MoNpaBKM Ha KIMHUYECKY0 CTabUNbHOCTbIO NPUBOAMIIA K CUIIbHOMY HEFAaTUBHOMY CMELLLEHUIO (TO eCTb
HeL00LLeHKe NeTanbHOCTH).

BbIBOAbI. BnavsHue peackanaumm aHTUMUKPOGHONM Tepanmu Ha NeTanbHOCTb TPebyeT faNibHeMWero u3y4yeH1s B Xopowo
CMNAAHMPOBaHHbIX MPOCMEKTUBHbIX UCCIEL0BAHMAX A9 6onee TOYHOro onpeaeneHns LeecoobpasHOCTH TaKoW CTpaTeruu.

KJ/TIOYEBDbIE CJIOBA: BHEOOIbHMYHAS MHEBMOHMS, aHTUMUKPOOHAs Tepanus, fe3CcKanaLms, NeTanbHOCTb.

Introduction

The aim of antimicrobial stewardship is improving an-
tibiotic use, without compromising clinical outcomes on
the individual level [1]. De-escalation of empirical anti-
microbial therapy is highly recommended in antimicrobial
stewardship programs. In a recent systematic review de-es-
calation of empirical antimicrobial therapy was associated
with a 56 % (95 % Cl 34 %-70 %) relative risk reduction
in mortality [2]. Although it seems a safe strategy, most
studies evaluating de-escalation and reporting mortality
were observational with a high risk of bias, high clinical
heterogeneity and not sufficiently powered to demonstrate
safety for mortality. To the best of our knowledge, there are
two randomized trials evaluating de-escalation, and these
trials did not show a survival benefit for de-escalation
[3,4]. A possible physiological mechanism for decreased
mortality due to de-escalation could be a result of a more
effective strategy by narrow-spectrum antibiotics or in case
of continuation of unnecessary broad-spectrum antibiotics
due to more (severe) side-effects. However, it seems highly
unlikely that this would lead to increased mortality in the
population. Therefore, the association between de-escala-
tion and improved survival in observational studies is most
likely biased by unmeasured confounding by indication.
Confounding by indication is present if the indication for
the intervention (here: de-escalation of empirical antimi-
crobial therapy) is also a prognostic factor for the outcome
(mortality). De-escalation is usually only performed when
clinical stability is reached in the first days after starting
antimicrobial therapy and this also is a strong prognostic
factor for patient outcome. However, hardly any of the
observational studies adjusts for clinical stability during
admission. In the aforementioned systematic review [2] only
one of nineteen observational studies corrected for this con-
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founder [5]. Potentially they did not consider this to be an
important confounder, or they lacked data on clinical stabil-
ity during admission. Not taking this into account causes
a negative bias (towards a protective effect). However, the
magnitude of this bias has never been established. The
aim of the current study was to quantify the potential
effect of unmeasured confounding by indication due to
clinical stability in the association between de-escalation
and patient outcome in patients with community-acquired
pneumonia.

Materials and methods
Data collection

Data were used from the Community-Acquired Pneumonia
immunization Trial in Adults (CAPITA) [6]. This study was a par-
allel-group, randomized, placebo-controlled, double blind trial
to assess the efficacy of a 13-valent pneumococcal conjugate
vaccine. The study included 84,496 immunocompetent com-
munity-dwelling adults, 65 years of age and above. Surveil-
lance for suspected pneumonia was performed in 58 hospitals
in the Netherlands, in the period September 2008 - August
2013. The study was approved by the Central Committee on
Research Involving Human Subjects and by the Ministry of
Health, Welfare and Sport in the Netherlands and all the par-
ticipants provided written informed consent. For the current
analysis, patients receiving antibiotics on the day of admission
and with a working diagnosis of CAP admitted to a non-in-
tensive care unit (ICU) were included. We think the effect of
de-escalation on mortality in the ICU population is different
than in non-1CU population and including these patients will
result in a more heterogeneous population. Moreover, factors
such as culture results and clinical stability may play a very
different role in that population. Patients were excluded from
the current analysis if they participated in a simultaneously
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running interventional trial evaluating different antibiotic reg-
imens for CAP [7], since this trial interfered with the choice of
empirical antibiotic treatment, or if they died within 24 hours
of admission because these are not eligible for de-escalation.

Definitions

To define de-escalation, antibiotics were ranked based on
their spectrum of activity against CAP pathogens, from rank 1
(narrow-spectrum’) to rank 3 (extended / restricted spectrum’)
antibiotics (Table 1). The ranking was performed by a team
of experts: two clinical microbiologists (CHEB, MIMB), one
infectious diseases specialist (JJO), two clinical pharmacists
(IvH, PDvdL) and one epidemiologist (CHvW). In the Dutch
setting, penicillin and amoxicillin are in general classified as
narrow-spectrum antibiotics. For mild CAP in primary care and
moderate-severe CAP (non-ICU ward) these antibiotics are first
choice treatment with tetracyclines as an alternative in case
of allergies [8]. Sweden and Denmark have similar policies
[9,10]. These antibiotics were classified as rank 1. Antibiotics
with a ‘restricted’ label, advised by the national guide for
antibiotic stewardship teams were classified as rank 3 [11].
All other regimens were classified as rank 2. In patients with
combination therapy, the highest rank of any individual antibi-
otic was counted, except for combination therapy of 3-lactam
therapy and a macrolide, which was considered as rank 3, as
for respiratory pathogens this combination results in a much
broader spectrum than any of the individual antibiotics. Ther-
apy adjustment was defined as the first switch from empirical
therapy to another antimicrobial class during hospitalization,
independent of the reason for switching. De-escalation and
escalation were defined as a change to a lower rank or a
higher rank, respectively. Continued regimens or adjustments
to an equivalent rank were defined as continuation.

Statistical analysis

Descriptive statistics were used to describe clinical prac-
tice of de-escalation. Differences in patient characteristics
between patients with a de-escalation versus no de-escalation
were compared using Student’s t test or 2 tests. Frequencies
of de-escalation, escalation and continuation were described
visually and numerically. We tested the proportional hazard
assumptions for a follow-up period of 90 days, which revealed
that the hazards were proportional up to 30 days and not
thereafter. Therefore we used 30-day mortality as the outcome.
To determine the effect of de-escalation on clinical outcome
we excluded patients starting in rank 1, since they are not
able to de-escalate. We performed Cox proportional hazards
regression with de-escalation as time-dependent variable

Table 1. Antibiotic ranking

Rank 1 (Narrow spectrum)
Penicillin 15t generation cephalosporins

Amoxicillin 2 generation cephalosporins

Co-amoxi-clav
Co-trimoxazole
Clindamycine
Macrolides

Tetracyclines

INFUSION & CHEMOTHERAPY

Rank 2 (Broad spectrum)

and adjusted for baseline characteristics using propensity
score analyses. Propensity scores were calculated from a
logistic regression model to estimate a patients propensity
for de-escalation and included the variables: age, gender,
smoking status, history of diabetes mellitus, history of chronic
pulmonary disease, antibiotic use two weeks before admission,
rank on day 1, season of admission, weekday vs. weekend day
(the latter defined as Saturday or Sunday), culture results and
all variables from the Pneumonia Severity Index (PSI) score
(nursing home resident, comorbidities (neoplastic disease,
liver disease history, congestive heart failure history, cerebro-
vascular disease history, renal disease history), altered mental
status, respiratory rate, systolic blood pressure, temperature,
heart rate, pH, blood urea nitrogen, sodium, glucose, hemato-
crit, partial pressure of oxygen and pleural effusion on x-ray).
Propensity scores were then included as a continuous variable
in the Cox proportional hazard regression model. Patients with
escalation of therapy were censored at the time of escalation
so that only the days before escalation contributed to the
analysis. Other patients were censored at day 30.

Effect of confounding by indication

To quantify the effect of unmeasured confounding by indi-
cation we simulated clinical stability during hospital admis-
sion as a new confounder. We defined clinical stability during
admission as a binary variable evaluated at 72 hours, because
clinical stability in patients with CAP is often reached within
48 hours and therapy is often evaluated after three days
(with culture results also available) [8, 12, 13]. The strength
of any given confounder is determined by the following three
parameters: (1) the prevalence in the group with the deter-
minant (de-escalation), (2) the prevalence in group without
the determinant (continuation) and (3) the association with
patient outcome (mortality). For the simulation of clinical
stability at 72 hours we reviewed the literature for reasonable
assumptions for the three parameters.

We assumed that 80 % of CAP patients admitted to
a non-ICU ward will be clinically stable at day three,
based on three randomized controlled trials evaluating
intravenous to oral switches in patients [14-16]. As the
prevalence of clinical stability in the total study popula-
tion is a weighted average of the prevalence of clinical
stability in the de-escalation and the continuation group,
the prevalence in one group can be calculated from the
prevalence in the other group. We assumed a high preva-
lence for clinical stability in the de-escalation group, so
we varied the prevalence from 80 % to 100 %, with corre-
sponding calculated prevalence’s in the continued group

Rank 3 (Extended / restricted spectrum)
34 generation cephalosporins
4t generation cephalosporins

Fluoroquinolones
Aminoglycosides
Piperacillin/tazobactam
Carbapenems
Vancomycin
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between 80 % and 75% to arrive at the overall prevalence
of 80 %. The assumed crude odds ratio (OR) between clinical
stability at 72 hours and 30-day mortality was 0.14, based on
unpublished data of a randomized controlled trial evaluating
the effect of adjunct prednisone therapy versus placebo on
time to clinical stability for patients with CAP (Courtesy of dr.
Blum) [17]. In this trial, clinical stability was measured every
12 hours during hospital stay and was defined as time (days)
until stable normalized vital signs for 224 hours: temperature
<£37.8 °C without antipyretic agents, heart rate €100 beats
per minute, spontaneous respiratory rate €24 per minute,
systolic blood pressure 290 mmHg (2100 mmHg for patients
diagnosed with hypertension) without vasopressor support,
mental status back to level before CAP, oxygenation on room
air or oxygen therapy (PaO2 260 mmHg or pulse oxim-
etry 290 %, or PaO2 or pulse oximetry measurement back
to baseline for patients with chronic hypoxemia or chronic
oxygen therapy) [17]. To simulate the confounder of clinical
stability at 72 hours in our dataset, we randomly assigned
the presence and the absence of clinical stability such that
the aforementioned assumptions about the three parameters
were met. Subsequently, the HR of de-escalation on mortality
adjusted for clinical stability was determined by including
clinical stability as an extra covariate in the propensity score
adjusted model. The robustness of the resulting adjusted HRs
was tested by repeating the random assignment three times
with a different random seed, which verified that the same
adjusted HRs was achieved. In the end we plotted the crude
and adjusted HR without clinical stability and the resulting
HRs for different prevalence’s of clinical stability.

Table 2. Baseline characteristics

We also quantified the strength of each confounder as the
change in HR of the model with or without each confounder.
For the simulated confounder (clinical stability) we used the
corresponding adjusted HR when added to the model with
prevalence’s of resp. 90% and 100% in the de-escalation
group. Data analysis was performed using SPSS for Windows,
v.25.0 (SPSS, Chicago, IL, USA) and R v.3.4.3 http://www.R-proj-
ects.org/.

Results
Association between de-escalation and mortality

The study cohort consisted of 3,243 patients admitted
with a clinical suspicion of pneumonia. After applying the
in- and exclusion criteria 1,536 patients were included for
analysis. Empirical treatment was rank-1 in 211 (13.7 %),
rank-2 in 624 (40.6 %), and rank-3 in 701 (45.6 %) patients.
De-escalation occurred in 257 patients (16.7 %) and escalation
occurred in 123 (8.0 %) patients. Most patients (1156, 75.3 %)
continued treatment without a change in rank of antimicrobial
therapy during admission. Median time to de-escalation was
3.0 days (IQR2.0-4.0 days). Compared to patients with contin-
ued (no de-escalation) regimens, patients with de-escalation
less often were current smokers (21/257 (8.2 %) vs. 148/1068
(13.9 %), more often had a pathogen identified (107/257
(41.6 %) vs. 303/1068 (28.4 %) and had a higher median PSI-
score (103 vs. 99) (Table 2). Patients in rank 2 de-escalated less
often than patients in rank 3 (6.7 % vs. 30.1 %; p<0.001). Of
the 257 patients with de-escalated therapy, therapy was later
escalated in 14 patients (5.5 %; 0.9 % of all included patients)
during admission.

Total cohort De-escalation  No de-escalation (rank 2-3)>  No de-escalation (rank 1)*
Patients (N, %) 1536 (100) 257 (16.7) 1068 (69.5) 211 (13.7)
Age (y, median, range) 77 (65-100) 77 (66-95) 77 (65-99) 78 (66-100)
Male gender (n, %) 1093 (71.2) 189 (73.5) 768 (71.9) 136 (64.5)
Smoker (n, %) 194 (12.6) 21 (8.2) 148 (13.9) 25 (11.8)
Co-morbidities (n, %)
Chronic pulmonary disease 849 (55.3) 131 (51.0) 608 (56.9) 110 (52.1)
Chronic cardiovascular disease 650 (42.3) 123 (47.9) 446 (41.8) 81 (38.4)
Chronic renal disease 11 (0.7) 3(1.2) 5(0.5) 3(1.4)
Chronic liver disease 17 (1.1) 5(1.9) 8 (0.7) 5(1.9)
Diabetes mellitus 322 (21.0) 53 (20.6) 215 (20.1) 54 (20.6)
PSI score (median, IQR) 99 (82-117) 103 (84-121) 99 (82-118) 92 (80-111)
Antibiotic use before admission (n, %) 493 (32.1) 84 (32.7) 365 (34.2) 44 (20.9)
Pathogen identified (n, %) 469 (30.5) 107 (41.6) 303 (28.4) 59 (28.0)
Day of admission (n, %)
Weekend 613 (39.9) 71 (27.6) 263 (24.6) 59 (28.0)
Empirical rank on day 1 (n, %)
Rank 1 211 (13.7) NA NA 211 (100)
Rank 2 624 (40.6) 42 (16.3) 582 (54.5) NA
Rank 3 701 (45.6) 215 (83.7) 486 (45.5) NA

Patients with a continued regimen and patients with an escalation.
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Crude 30-day mortality was 3.5 % (9/257) and 10.9 %
(107/986) in the de-escalation and continuation groups, re-
spectively. The crude and adjusted hazard ratios for de-escala-
tion, compared to continuation, were 0.40 (95 % Cl: 0.20-0.80)
and 0.39 (95 % Cl: 0.19-0.79) for day-30 mortality. The AUC
of the propensity score was 0.76 (95 % Cl: 0.73-0.79) and was
considered acceptable.

Effect of confounding by indication due to clinical stability

In simulation analysis, not using clinical stability for ad-
justment yields the afore-mentioned HR of 0.39. When using
the assumed odds ratio between clinical stability at 72 hours
and 30-day mortality of 0.14, the adjusted HR for de-escala-
tion gradually increased to 1.04 with an increasing prevalence
of clinical stability in patients with de-escalation up to 100%.
The upper boundary of 95% confidence interval crosses 1 if
the prevalence of clinical stability in the de-escalated patients
was > = 87%. Determination of the strength of the simulated
confounder, clinical stability, revealed that it was substantially
stronger than any of the observed confounders in our dataset
(Table 3).

Discussion

In this observational study of patients hospitalized with
CAP, after adjustment for observed baseline confounders

Table 3. Strength of known and simulated confounders
to the crude HR for 30-day mortality

% change of

Confounder crude HR
Smoking +1.5
Renal disease +1.7
Respiratory rate -1.9
Nursing home resident +2.0
Congestive heart failure -2.2
Liver disease -2.3
Heart rate -24
pH -2.8
Propensity score -39
Partial pressure of oxygen -4.2
Blood urea nitrogen -6.5
Neoplastic disease +7.4
Rank on day 1 -11.4
Clinical stability (simulated)
With prevalence in de-escalated group +37.4
of 90 %
With prevalence in de-escalated group +157.8
of 100 %

Variables with a change less than 1.5 %: diabetes
mellitus, sodium, systolic blood pressure, hematocrit,
cerebrovascular disease, antibiotic use before
admission, day of admission, glucose, chronic pulmonary
disease, pleural effusion, altered mental status, age,
culture results, season of admission, temperature and
gender.
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de-escalation of antimicrobial therapy was associated with
a 61 % lower hazard of day-30 mortality. However, our simu-
lations have demonstrated that clinical stability at 72 hours,
which was not measured in our study, could fully explain this
effect under reasonable, literature based assumptions. Based
on these findings we conclude that the effects of de-escala-
tion on patient outcome cannot be reliably quantified with-
out adjustment for clinical stability and that the true effect
of de-escalation on mortality needs to be quantified by a
well-designed prospective study.

De-escalation occurred in 16.7 % of the patients. During
the enrolment period of our study antibiotic stewardship was
not yet well established. Therefore, we expect the proportion
of de-escalation in current practice to be larger. In our popu-
lation, most patients continued the antibiotic regimen, even
though the majority should be clinically stable based on data
from the literature. In the absence of antibiotic stewardship,
physicians might be more inclined to continue the regimen
when it appears to be effective.

In a systematic review including different infectious dis-
eases, de-escalation of empirical antimicrobial therapy was
associated with a large reduction in mortality [2]. Although
our study only included CAP patients, we expect that the
mechanism of bias applies to all infectious diseases for which
empirical broad-spectrum antibiotic treatment is common
practice. This bias, introduced by not including clinical stability
during admission, applies to all previous studies evaluating
de-escalation in patients with CAP hospitalized at a non-ICU
ward [18-22]. To the best of our knowledge, there are four
observational studies on the association between de-esca-
lation and mortality that adjusted for clinical stability or a
similar time-varying confounder. In the first study by Joung
et al. patients with intensive care unit-acquired pneumonia
were included and clinical stability during admission was
measured as two scores; APACHE-II (Acute Physiology and
Chronic Health Evaluation Il) and modified CPIS (clinical pul-
monary infection score) both measured on day 5 after devel-
opment of pneumonia. Both high APACHE Il score (224) on
day 5 and a high CPIS (>10) on day 5 were associated with an
increased 30-day pneumonia-related mortality. By including
these confounders, next to other baseline covariates into the
multivariable analysis the association between no de-esca-
lation of antibiotics and 30-day mortality resulted in an aHR
of 3.988 (95 % Cl 0.047-6.985) [23]. The study objective was
to determine independent risk factors for mortality, hence
the focus of model building was not on selecting appropriate
confounders and one should be careful to interpret the results
as a causal effect. In the second study by Garnacho-Montero
et al. patients admitted to the ICU with severe sepsis or septic
shock were included and clinical stability during admission
was measured as Sequential Organ Failure Assessment (SOFA)
score on the day when culture results were available. A high
SOFA score at culture result day was associated with a higher
in-hospital mortality. When including this covariate next to
other covariates the association between de-escalation and
in-hospital mortality resulted in an aOR of 0.55 (95 % Cl
0.32-0.98, p = 0.022)[5]. In the third study by Montravers et
al. patients admitted with health care-associated intra-ab-
dominal infection admitted to ICU were included and clinical
stability during admission was measured by SOFA score. Here a
decreased SOFA score at day three after initiation of empirical
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antimicrobial therapy was associated with a lower 28-day
mortality. By including this covariate next to other covariates
in the analysis this resulted in an aHR of 0.566 (95 % CI
0.2503-1.278, p = 0.171) for association between de-escala-
tion and 28-day mortality. However, this multivariate analysis
also had the purpose to identify risk factors for 28-day mortal-
ity, not on selecting appropriate confounders [24]. The fourth
study by Lee et al. included patients with community-onset
monomicrobial Escherichia coli, Klebsiella species and Proteus
mirabilis bacteremia treated empirically with broad-spectrum
beta-lactams and clinical stability during admission was mea-
sured by the Pitt bacteremia score. A high Pitt bacteremia
score (>4) at day three was associated with 4-week mortality.
After propensity score matching there was no statistically
significant difference in mortality rates between de-escala-
tion and no-switch regarding 2-week, 4-week and 8-week
mortality [25]. Comparison of the studies is difficult because
different criteria for de-escalation and different definitions
of disease severity during admission were used, and different
populations were studied. The first three studies included ICU
patients, and in this setting registering scores representing
clinical stability is part of routine care, which makes it more
feasible to include such parameters in observational studies.
Although the definition for clinical stability for CAP as pro-
vided by Halm et al.[13] is widely accepted, in clinical practice
patients can be declared stable based on other criteria (e.g.
feeling well, eating and drinking) even if they do not meet the
formal criteria. A critique of the aforementioned studies is that
all used de-escalation as a fixed variable. However, de-esca-
lation is performed on a different day for each individual and
should be analyzed as a time-dependent variable, otherwise
it introduces immortal time bias [26].

It is recommended to include sensitivity analyses to
estimate the potential impact of unmeasured confounding
in every non-randomized study on causal associations [27].
However, for observational studies evaluating de-escalation
of antimicrobial therapy this has never been done before. To
strengthen our sensitivity analysis we based our assumptions
about the prevalence of clinical stability and association with
mortality on existing high-quality data. We further assumed
that physicians will only de-escalate when a patient is clini-
cally stable or to initiate targeted treatment for an identified
pathogen. In the latter case, we still expect that most patients
in whom the physician decides to de-escalate will be clinically
stable. We, therefore, expect that at least 90% and probably
close to 100 % of de-escalated patients will be clinically
stable on day three.

Strengths of our study include the pragmatic approach of
using prospectively collected data of a large patient popula-
tion treated with empiric antibiotics and a working diagnosis
of CAP.This included patients without an identified pathogen,
which increases the generalizability of our study results. The
effect of de-escalation on mortality may be different from
one country to another, or even between hospitals within one
country, depending on local antibiotic practices. However, we
think that the confounding effect of clinical stability is gen-
eralizable to other countries and also applies to other severe
bacterial infections, because clinical stability will always be a
major determinant of de-escalation. A limitation of our study is
that we had to exclude 165 patients due to participation in a
concurrent trial which could result in selection bias. However

48 | 4-2019

this was a small number of patients and participation was
hospital dependent, so the influence of selection bias will
be small. Another limitation of our study was that we had to
make assumptions for the prevalence of clinical stability in
the de-escalated and continued group and for the association
between clinical stability and day-30 mortality. These were
derived from different study populations, all representing CAP
patients hospitalized to a non-ICU ward. Our findings suggest
that adjustment for clinical stability will result in a non-sig-
nificant effect of de-escalation on mortality, which would
be biologically plausible. Our findings also demonstrate
that the individual baseline confounders, as measured in
our study, are poorly predictive for de-escalation, indicat-
ing that their correlation with clinical stability is probably
also weak.

Another simplification in our analysis was that we mod-
elled clinical stability as a binary variable on day three, which
does not well represent reality. For future studies we recom-
mend to measure clinical stability repeatedly over time, as a
time-varying confounder and on a continuous scale. Finally,
we did not have information on quality of our sputum samples
on which the pathogen was identified. Quality of sputum sam-
ples is also a prognostic factor for de-escalation of empirical
antimicrobial therapy, however we could not correct for this
in our model.

The results of our analysis may also suggest that possi-
bility of clinically relevant harm due to de-escalation cannot
be excluded, as the upper boundary of the 95% confidence
interval for the HR was over to 2 in the most extreme scenario.
The scientific evidence for safety of de-escalation is de facto
based on two RCTs. However, both RCTs are not powered for
mortality. The first prospective, open-label, randomized clini-
cal trial included patients with hospital-acquired pneumonia
in an ICU without inclusion criteria regarding baseline clinical
stability. After randomization de-escalation was performed
three to five days after initiation if empirical treatment when
culture results were available. For the association between
de-escalation and 14-day mortality the RR was 0.67 (95 % Cl
0.31-1.43), for 28-day mortality the RR was 0.75 (95 % Cl 0.46-
1.23) and for in-hospital mortality the RR was 0.64 (95 % Cl
0.37-1.13), (calculated by the authors based on the data re-
ported in [3]. The other multicenter non-blinded randomized
non-inferiority trial evaluated the safety of de-escalation
with 90-day mortality as secondary outcome in patients with
severe sepsis admitted to an ICU without inclusion crite-
ria regarding baseline clinical stability. After randomization
de-escalation was performed after culture results were avail-
able (IOR2-4 days after initiation of empirical therapy). In the
de-escalation group 18 of 59 patients (31 %) died within 90-
days, compared to 13 of 57 patients (23 %) in the continuation
group, yielding an adjusted HR of 1.7 (95 % Cl 0.79-3.49, p
= 0.18). Although not statistically significant, this trend may
indicate potential harm rather than improved outcome due
to de-escalation [4]. As we have demonstrated, observational
studies performed so far do not contribute to determining the
safety of de-escalation because the amount of confounding
by indication due to clinical stability is insurmountable. As
appropriate adjustment of confounding by indication was
not performed in the majority of the published observational
studies on de-escalation, the ones that adjusted for clinical
stability had other important limitations, and only two small
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RCTs have been performed, we conclude that the safety
of this widely propagated antibiotic stewardship
intervention should be studied more appropriately.
We recommend that future observational studies
addressing this research question include clinical
stability in the analysis, preferably as a time-vary-
ing variable because clinical stability may change
over time. It has been suggested that in the case
of time-varying confounders a marginal structural
model is appropriate [28]. Ultimately, although more
expensive, de-escalation would be optimally studied
in a pragmatic randomized controlled trial.

To conclude, the previously observed protective effect
of de-escalation on mortality is likely due to confounding
by unobserved factors such as clinical stability during ad-
mission. This study suggests the effect of de-escalation on

mortality needs further prospective research to determine
effect size more accurately.
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