
42  |  4–2019 InfusIon & Chemotherapy

ЗАРУБІЖНИЙ ДОСВІД

Статтю опубліковано в журналі PLoS One. 2019; 14 (9): e0218062. Опубліковано онлайн 27 вересня 2019 р.  
Цифровий ідентифікатор об’єкта (doi): 10.1371/journal.pone.0218062

Клінічна стабільність як показання до деескалації антимікробної 
терапії – супутній фактор у розрахунку 30-денної летальності  
від позалікарняної пневмонії
І. ван Хейль1, 2, В. А. Схвейтзер2, К.Х.Е. Бул3, Й. Й. Остергерт4, С. М. Хьойтс5, В. Доріго-Зетсма6, П.Д. ван дер Лінден1, М.Й.М. Бонтен2,3, 
К.Х. ван Верховен2

1. Відділення клінічної фармації, лікарня Tergooi, м. Хільверсум, Нідерланди
2. Джуліус Центр медичних наук та первинної допомоги, Університетський медичний центр Утрехта, Нідерланди

PLoS One. 2019; 14 (9): e0218062. Published online 2019 Sep 27. doi: 10.1371/journal.pone.0218062

Confounding by indication of the safety  
of de-escalation in community-acquired pneumonia:  
a simulation study embedded in a prospective cohort

I. van Heijl1, 2, V. A. Schweitzer2, C.H.E. Boel3, J. J. Oosterheert4, S. M. Huijts5, W. Dorigo-Zetsma6, P.D. van der Linden1, M.J.M. Bonten2, 3, 
C.H. van Werkhoven2

1. Department of Clinical Pharmacy, Tergooi hospital, Hilversum, The Netherlands
2. Julius Center for Health Sciences and Primary care, University Medical Centre Utrecht, Utrecht, The Netherlands
3. Department of Medical Microbiology, University Medical Centre Utrecht, Utrecht, The Netherlands
4. Department of Internal Medicine & Infectious Diseases, University Medical Centre Utrecht, Utrecht, The Netherlands
5. Department of Pulmonary Medicine, University Medical Centre Utrecht, Utrecht, The Netherlands
6. Department of Medical Microbiology, Tergooi hospital, Hilversum, The Netherlands
The authors have declared that no competing interests exist.

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 % CI: 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 % 
CI: 0.27-1.12) to 1.04 (95 % CI: 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.
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актуалЬністЬ роБоти. Спостережні дослідження продемонстрували, що деескалація антимікробної терапії 
незалежно асоціюється з нижчою летальністю. Найімовірніше, це пов’язано з тим, що показанням до деескалації є 
клінічна стабільність, яка сама собою є предиктором кращої виживаності. Утім, цей супутній фактор практично ніколи 
не беруть до уваги під час розрахунку летальності.
Методи. Використовуючи дані дослідження CAPiTA, ми оцінили потенційний ефект клінічної стабільності як супут-
нього фактора на розрахований вплив деескалації на смертність у дорослих пацієнтів із позалікарняною пневмонією. 
Первинною кінцевою точкою була 30-денна летальність. У статистичному аналізі використали регресію пропорційних 
ризиків Кокса з деескалацією як залежною від часу змінною. Поправку на вихідні характеристики здійснювали із за-
стосуванням псевдорандомізації. Потенційний вплив супутніх факторів оцінювали за допомогою симуляції змінної – 
клінічної стабільності на 3-й день, застосовуючи літературні дані щодо її частоти та взаємозв’язку зі смертністю.
реЗулЬтати. Серед 1536 пацієнтів, включених до аналізу, деескалація протимікробної терапії була здійснена 
у 257 (16,7 %), ескалація – в 123 (8,0 %), у 1156 (75,3 %) хворих антибактеріальний спектр залишався незмінним. У ста-
тистичному аналізі без урахування супутніх факторів 30-денна летальність становила 3,5 % (9/257) та 10,9 % (107/986) 
у групах деескалації та незмінної терапії відповідно, що відповідало зниженню ризику смерті в групі деескалації 
на 61 % (95 % довірчий інтервал 21-81 %). За умови, що 90 % пацієнтів із деескалацією були клінічно стабільними 
на 3-й день, зниження ризику смерті при деескалації склало вже 44 %, а якщо таких пацієнтів було 100 %, деескалація 
асоціювалася з підвищенням ризику смерті на 4 %. При цьому вплив клінічної стабільності як супутнього фактора 
на ефект деескалації був значно сильнішим порівняно з будь-якими іншими вихідними характеристиками. Кількісна 
оцінка наслідків деескалації стосовно прогнозу пацієнтів без поправки на клінічну стабільність призводила до силь-
ного негативного зміщення (тобто недооцінки летальності).
висновки. Вплив деескалації антимікробної терапії на летальність потребує подальшого вивчення в добре спла-
нованих проспективних дослідженнях для більш точного визначення доцільності такої стратегії.
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актуалЬностЬ раБоты. Наблюдательные исследования показали, что деэскалация антимикробной терапии неза-
висимо ассоциируется с более низкой летальностью. Вероятнее всего, это связано с тем, что показанием к деэскалации 
является клиническая стабильность, которая сама по себе служит предиктором лучшей выживаемости. Тем не менее этот 
сопутствующий фактор практически никогда не принимают во внимание при расчете летальности.
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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 % CI 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-

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-ICU 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 

клЮчевые слова: внебольничная пневмония, антимикробная терапия, деэскалация, летальность.

Методы. Используя данные исследования CAPiTA, мы оценили потенциальный эффект клинической стабильности 
как сопутствующего фактора на рассчитанное влияние деэскалации на смертность у взрослых пациентов с внебольнич-
ной пневмонией. Первичной конечной точкой была 30-дневная летальность. В статистическом анализе использовали 
регрессию пропорциональных рисков Кокса с деэскалацией времязависимой переменной. Поправку на исходные ха-
рактеристики осуществляли с применением псевдорандомизации. Потенциальное влияние сопутствующих факторов 
оценивали с помощью симуляции переменной – клинической стабильности на 3-й день, используя литературные данные 
относительно ее частоты и взаимосвязи со смертностью.
реЗулЬтаты. Среди 1536 пациентов, включенных в анализ, деэскалация противомикробной терапии была осу-
ществлена у 257 (16,7 %), эскалация – у 123 (8,0 %), у 1156 (75,3 %) больных антибактериальный спектр оставался 
неизменным. В статистическом анализе без учета сопутствующих факторов 30-дневная летальность составила 3,5 % 
(9/257) и 10,9 % (107/986) в группах деэскалации и неизменной терапии соответственно, что соответствовало снижению 
риска смерти в группе деэскалации на 61 % (95 % доверительный интервал 21-81 %). При условии, что 90 % пациентов 
с деэскалацией были клинически стабильными на 3-й день, снижение риска смерти при деэскалации составило уже 44 %, 
а если таких пациентов было 100 %, деэскалация ассоциировалась с повышением риска смерти на 4 %. При этом влияние 
клинической стабильности как сопутствующего фактора на эффект деэскалации было значительно сильнее по сравне-
нию с любыми другими исходными характеристиками. Количественная оценка последствий деэскалации относительно 
прогноза пациентов без поправки на клиническую стабильностью приводила к сильному негативному смещению (то есть 
недооценке летальности).
выводы. Влияние деэскалации антимикробной терапии на летальность требует дальнейшего изучения в хорошо 
спланированных проспективных исследованиях для более точного определения целесообразности такой стратегии.
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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, MJMB), 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 β-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 χ2 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 

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 

Table 1. Antibiotic ranking

Rank 1 (Narrow spectrum) Rank 2 (Broad spectrum) Rank 3 (Extended / restricted spectrum)

Penicillin 1st generation cephalosporins 3d generation cephalosporins

Amoxicillin 2nd generation cephalosporins 4th generation cephalosporins

Tetracyclines Co-amoxi-clav
Co-trimoxazole
Clindamycine
Macrolides

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 ≥24 hours: temperature 
≤37.8 °C without antipyretic agents, heart rate ≤100 beats 
per minute, spontaneous respiratory rate ≤24 per minute, 
systolic blood pressure ≥90 mmHg (≥100 mmHg for patients 
diagnosed with hypertension) without vasopressor support, 
mental status back to level before CAP, oxygenation on room 
air or oxygen therapy (PaO2 ≥60 mmHg or pulse oxim-
etry ≥90 %, 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.

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.

Table 2. Baseline characteristics

Total cohort De-escalation No de-escalation (rank 2-3)a No de-escalation (rank 1)a

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
aPatients 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 % CI: 0.20-0.80) 
and 0.39 (95 % CI: 0.19-0.79) for day-30 mortality. The AUC 
of the propensity score was 0.76 (95 % CI: 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 

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 II) and modified CPIS (clinical pul-
monary infection score) both measured on day 5 after devel-
opment of pneumonia. Both high APACHE II score (≥24) 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 % CI 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 % CI 
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 

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

Confounder % change of 
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 -2.4

pH -2.8

Propensity score -3.9

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 
of 90 %

+37.4

With prevalence in de-escalated group 
of 100 %

+157.8

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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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 

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 % CI 
0.31-1.43), for 28-day mortality the RR was 0.75 (95 % CI 0.46-
1.23) and for in-hospital mortality the RR was 0.64 (95 % CI 
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 (IQR2-4 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 % CI 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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