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Abstract

Objectives: To describe long-term mortality rate and to assess associations between mortality
rate and antibiotic treatment of lower respiratory infection in patients with advanced dementia;

antibiotic treatment allocation was independent of mortality risk—Ileaving less room for biased

associations than in previous multicenter observational studies.

Design: Prospective study (2004—-2009). Multilevel Cox proportional hazard analyses with
adjustment for mortality risk were used to assess associations between antibiotics and mortality
using time-dependent covariates.

Setting: A US Department of Veterans Affairs nursing home.

Participants: Ninety-four residents with advanced dementia who developed 109 episodes.
Measurements. Survival, treatment, mortality risk, illness severity, fluid intake, and several other
patient characteristics.

Results: Ten-day mortality was 48%, and 6-month mortality was 74%. Antibiotics were used in
77% of episodes. Overall, antibiotics were not associated with mortality rate (Hazard Ratio [HR]
0.70, Confidence Interval [CI] 0.38-1.30); however, antibiotics were associated with reduced 10-
day mortality rate (HR 0.51, CI, 0.30-0.87; rate after 10 days: 1.5, Cl 0.42-5.2). Benefit from
antibiotics was less likely with inadequate fluid intake, and when experiencing the first episode.
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Conclusion: In our sample of male nursing home residents with advanced dementia and lower
respiratory infection, mortality was substantial despite antibiotic treatment. Antibiotics prolonged
life but in many cases only for several days. Treatment decisions should take into account that
antibiotics may delay death but may also prolong the dying process, indicating a need for accurate
prediction of mortality and study of characteristics that may alter effectiveness of antibiotics.
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Lower respiratory infection (LRI), including pneumonia, is the cause of death in up to two
thirds of patients with dementia in a variety of studies.12 Long-term mortality after the
infection is substantial. Six-month mortality after curative treatment was between one third
and one half of patients in previous studies.3>

Comfort care may be appropriate especially in patients with later stages of dementia
depending on prognosis, burden of treatment, patients’ previous wishes, and patients’ best
interests.®=9 This may entail withholding of antibiotics or combining antibiotics with
symptom relief.10:11 From a population point of view, appropriate antibiotic use is important
because of concerns regarding increased antimicrobial resistance.’”12

Little is known about how antibiotic usage affects survival in this population. Previous
reports have been observational; the first such study was performed in Bedford, MA, in the
1980s.13 Antibiotics prolonged survival in nursing home residents with fever, but not for
those with more severe dementia. In a study in Missouri performed in the 1990s, antibiotic-
untreated nursing home residents were not very sick and mortality was low.1# In contrast, in
a Dutch study, antibiotic-untreated residents were much sicker than treated residents,
because antibiotics were withheld in dying patients.1115 Almost all antibiotic-untreated
nursing home residents died within days of diagnosis, whereas in antibiotic-treated residents,
mortality in the weeks and months after treatment was substantial.1® This raises the question
if antibiotics can cause prolonged dying.

However, such large differences between treated and untreated patients complicate
adjustment for confounding patient characteristics when examining associations between
antibiotics and outcome, and complete adjustment remains highly uncertain. The objectives
of our study were to describe long-term mortality and to assess associations between
antibiotic treatment and short- as well as long-term mortality in nursing home residents with
advanced dementia and LRI in a sample of residents with similar mortality risk in those
treated and not treated with antibiotics. We hypothesized that antibiotics may be partially
effective, possibly resulting in prolonged dying. Longer-term outcome could be either
protective (eg, via a faster cure and less health damage) or result in excess mortality in the
months after treatment if antibiotic-treated initial survivors were otherwise more vulnerable,
eg, when at increased risk of developing functional impairment.1’
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A prospective observational study design was used, collecting data on residents with LRI of
a 100-bed dementia special care unit. All residents had a physician’s diagnosis of dementia.
The facility is the same US Department of Veterans Affairs nursing home in Bedford, MA,
with a long-standing tradition of hospice care, where the first study of antibiotic usage and
survival was performed in the 1980s.13 Preference for antibiotic treatment was generally
determined in advance, with family input.? Between February 2004 and November 2008,109
episodes of LRI developed in 94 residents with advanced dementia defined as being severely
impaired in daily decision making (Cognitive Performance Scale!® [CPS] 5 or 6). Multiple
episodes in the same resident were included from June 2004 onward. There was a gap in
enrollment of new cases (episodes) between the summer of 2005 and the summer of 2006
because of staffing issues. Follow-up was until November 2009 by the time of which 91 of
94 residents had died.

Physicians on staff diagnosed pneumonia by physical examination and clinical signs and
symptoms compatible with pneumonia. In 4 cases, chest x-ray was performed and in these
cases, pneumonia was confirmed. Because x-rays were not used in most of the residents, we
further refer to LRI. We also assessed if surveillance diagnostic criteria for LRI were met.
Briefly, more stringent LRI diagnostic criteria apply without chest x-ray, requiring at least 3
of cough, sputum, fever, pleuritic chest pain, physical findings, change in status, or breathing
difficulty. The study protocol was approved by the local Institutional Review Board. A
waiving of consent procedures applied because of the observational nature of the study.

Data Collection

We collected data on treatment, mortality risk, global illness severity, cognition, fluid intake,
demographics, activities of daily living (ADLs), and symptoms and signs of LRI on a study
form. Mortality risk was estimated according to an 8-item risk score that estimates 14-day
mortality in nursing home residents with dementia and LRI when treated with antibiotics.? It
includes male gender, respiratory rate, respiratory difficulty, pulse rate, decreased alertness,
fluid intake, eating dependency, and pressure sores. This score was developed in antibiotic-
treated residents in the Netherlands, and validated well in antibiotic-treated nursing home
residents with dementia in Missouri. When tested (unpublished data), discrimination was
adequate also for untreated residents in 5 US and Dutch datasets. Global subjective illness
severity by clinical judgment was estimated by the attending physician, nurse practitioner, or
nurse, using Charlson’s illness severity rating, ranging from 1 (not ill) to 9 (moribund).20:21
Walking and eating dependency were measured with 4-level scales, referring to status at
diagnosis.

Data Analyses and Statistics

Mortality rafe was our main focus, as relevant to time to death, and hazard models were
developed with antibiotic treatment as the independent variable. Adjustments included
mortality risk as indicated by the validated risk score, illness severity, CPS, fulfillment of the
diagnostic criteria, and episode. Models without adjustment for episode and with adjustment
for morphine treatment, and for different time frames were explored. We further tested
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influence of fluid intake on the association of antibiotic treatment with mortality by adding it
as an item separate from the score, because intake might affect antibiotic effectiveness. A
priori, 10-day mortality rate (death rate until and including day 10 from diagnosis) was
regarded as relevant in view of previous findings of a high death rate in the first week in
antibiotic-untreated residents and possible prolonged dying because of antibiotics, and
because antibiotic treatment was usually no longer than that.

Multilevel Cox proportional hazard analyses were performed using generalized estimating
equations (GEE) regression accounting for clustering of episodes within residents, using an
exchangeable working correlation matrix.22 Hazard ratios (HR) and 95% confidence
intervals (CI) were calculated. We used time-dependent covariates for antibiotic treatment,
fitting 2-period models with interaction terms for antibiotics. As in previous work, mortality
rates soon after treatment differed for antibiotic-treated and untreated residents. Although
the Cox proportional hazard assumption was met, the HR for antibiotics in the first 10 days
differed significantly from the HR in the second period, justifying the 2-period approach
(Likelihood ratio test, chi-square 5.83, 1 degree of freedom; P=.02). We tested interaction
terms for 10-day mortality rate with antibiotic treatment to examine if associations with
treatment differed by mortality risk, illness severity, cognitive status, fulfillment of
diagnostic criteria, later episodes, or fluid intake.

Chi-square and independent ¢tests were used to compare treatment groups and episodes.
Dependent and independent tests explored characteristics by episode. The data were
complete except for a few missing data in the variables for diagnostic criteria and illness
severity. Diagnostic variables were imputed using a conservative approach where missing
data were coded as absent. We imputed the mean for illness severity in the multivariable
models in 2 cases. The level of significance was .05. The GEE analyses were performed in
Stata 10.1 (StataCorp, College Station, TX); other analyses were performed with SPSS
15.0.1.1 (SPSS, Chicago, IL).

There were 109 episodes of LRI that developed in 94 residents; 81 residents had a single
episode, 11 residents had 2 episodes, and 2 residents had 3 episodes. In all but 1 case (99%),
there was abnormal chest auscultation. Mean respiratory rate was 27.4 per minute (SD 9.0),
and mean pulse rate was 91 (SD 20). Decreased alertness was present in 94% of cases, and
cough presented in 60%. Using the conservative approach, 80% met the LRI diagnostic
criteria.

Almost all residents were male (97%) (Table 1). The mean mortality risk score was 20.0,
corresponding to “moderately high risk” of 2-week mortality with an estimated 40% 14-day
mortality when treated with antibiotics.2 The mean illness severity score of 6.6 corresponds
to “severely ill.”20 The 94 first episodes did not differ significantly from the 15 later
episodes in mortality risk or in illness severity. Comparing first and last (second or third)
episodes of the same 13 residents, mortality risk (16.4, SD 5.1, versus 20.7, SD 5.0; P=.01)
and illness severity (5.3, SD 1.4, versus 6.4, SD 1.4; P=.047) were greater for the last
episode.
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Antibiotic treatment was provided in 77%, and morphine in 62% of episodes. Morphine was
more frequently provided when antibiotics were withheld than when antibiotics were used
(80% versus 57%; P=.04; not in table). There were no significant differences (P> .15)
between the groups treated and untreated with antibiotics in mortality risk, illness severity,
or other characteristics, although antibiotic-untreated residents tended to have less favorable
characteristics (Table 1).

In 95% of cases, antibiotic treatment lasted at most 10 days. At the first day of treatment,
antibiotics were intramuscular in 62% of cases, and oral in 38%. A single way of
administration applied to 85% of those who received antibiotics; 15% had received both oral
and parenteral antibiotics at some point during treatment. Antibiotics were mostly
cephalosporins (65%; including combinations of 2 cephalosporins) or quinolones (24%), and
in other cases, macrolides (5%), a combination of 2 different antibiotic types (5%), or
trimethoprim-sulfamethoxazole (1%).

Overall 10-day mortality was 48%, 1-month mortality was 61%, and 6-month mortality was
74% (Table 1). Only 10-day mortality was lower for residents treated with antibiotics (39%
versus 76% in untreated residents; 2= .001), although the difference at 1 and 6 months was
marginally statistically significant (P=.07).

Antibiotics were associated with reduced mortality rate in bivariable multilevel analyses
(HR 0.56, Cl 0.34-0.92). This was because of a strong association with mortality rate in the
first 10 days (HR 0.38, CI 0.23-0.64). The HR for mortality after 10 days was notsmaller
than 1: HR 1.2, Cl 0.59-2.2.

After adjustment for covariates, overall, antibiotics (with no time dependency) were not
significantly associated with mortality (HR 0.70, Cl 0.38-1.3). Subjective illness severity
largely accounted for the difference between unadjusted and adjusted models; however, the
association with lower 10-day mortality remained after adjustment (HR 0.51, CI, 0.30-0.87;
for mortality after 10 days: 1.5, Cl 0.42-5.2; Table 2). Mortality risk, illness severity, and
not fulfilling the diagnostic criteria were independent risk factors of mortality (Table 2).
Models with and without adjustment for episode were similar, as were models that included
morphine treatment, and models for data collected before summer 2005 and later (not
shown). Models in selected cases that met the diagnostic criteria were essentially the same;
the antibiotics HR for mortality after 10 days tended to be larger but was not significant (2.6;
Cl, 0.83-7.8; Table 2).

When fluid intake was added to the (left) model of Table 2, associations were similar, and
fluid intake was not an independent risk factor for mortality (HR 1.2; Cl, 0.64-2.30).
However, there was significant interaction with 10-day mortality rate between antibiotics
and fluid intake (P=.012), and between later episodes and antibiotics (P=.001). The
interactions indicated that inadequate fluid intake in the first 10 days decreased the
protective effect of antibiotics, and that antibiotics had more favorable (adjusted) effect in
later episodes compared with first episodes. There were no significant interactions between
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antibiotics and risk score, illness severity, cognition, or, as expected comparing models in
Table 2, diagnostic criteria.

Adjusted survival curves for those treated and untreated with antibiotics over 5 years are
shown in Figure 1 and detail over the first 30 days is provided in Figure 2. Figure 2 shows
that about a quarter of antibiotic-treated residents had a survival benefit that developed
between 5 and 10 days from diagnosis, and diminished roughly between 10 and 15 days.
The parallel lines in Figures 1 and 2 show that for about 10% of residents the survival
benefit persisted for at least a few months. Mean time to death in those who died in the first
30 days was 7.1 (SD 5.6) days for antibiotic-treated and 3.8 (SD 2.6) days for antibiotic-
untreated residents.

Discussion

There are 2 possible goals that are sought by administration of antibiotics to individuals with
advanced dementia who develop LRI: extension of life and improvement of discomfort
caused by this infection. Results of this study indicate that antibiotics are independently
associated with decreased short-term mortality in a male nursing home population with
advanced dementia. However, antibiotics provided a survival benefit that persisted over at
least a few months for about 1 of 10 residents, whereas they may have prolonged the dying
process with some days for as many or some more residents (roughly 15%), typically for
residents who had insufficient fluid intake or those who may have experienced LRI for the
first time. Most residents died within a month irrespective of antibiotics, and few residents
were alive a year after the LRI.

Mortality after antibiotic treatment in this study was higher than in 4 previous studies,3>
with three quarters (74%) dying within 6 months from diagnosis. This may be explained by
higher mortality risk particularly in antibiotic-treated residents in the current study (mean
risk score 19.8 versus 14.8 and 15.0 in previous Dutch studies, and 11.3 in a previous US
study),*® which is not only attributed to predominantly male gender (+2 points). Earlier
observational studies suffered from large differences between treated and untreated patients.
11,14 The previous study performed in the same nursing home as the current study included
patients with fever not distinguished by diagnosis, and had relatively low mortality rates.13

Effects of antibiotics on comfort at the end of life varies across studies and may depend on
diagnoses, adequate adjustment for initial discomfort because physicians may treat for
comfort,18 and other treatments provided. Decreased symptoms in antibiotic-treated dying
patients was reported in an observational study with direct observation and adequate
adjustment for discomfort at diagnosis,2® and antibiotics may therefore contribute to
improved comfort. However, it is unclear if antibiotics still provide additional comfort with
higher levels of treatment to relieve symptoms provided more recently.® In an earlier study,
discomfort was the same in residents with dementia treated with antibiotics or with palliative
care, but this study included patients with fever caused by various infections,?4 and LRI or
pneumonia diagnosed by physicians specifically involves severe discomfort.23 In cancer
patients receiving hospice care, antibiotics controlled symptoms in half of patients with a
respiratory tract infection,2® and in the last week of life of cancer patients with variable
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infections, it was 9%.28 In other work, death with an infection (95% antibiotic-treated) in
hospice patients was more frequently peaceful than death without infection (86% versus
52%; P< .001; the reported nonsignificant 2 value should be erroneous).2” Death from
infection is therefore not necessarily related to suffering, and effects of antibiotics on
comfort need further study.

Possible effects of antibiotics on survival and comfort should be weighed against the
burdens of antibiotic use. These burdens may affect both the individual and the whole
society. For individuals, these include prolonging the dying phase if cure is not achieved
and, sometimes, adverse effects of antibiotics. Considering the discomfort associated with
LRI,23 possible length of suffering from LRI and risk of antibiotics prolonging this should
be taken into account. Use of antibiotics can cause adverse drug reactions such as allergic
reactions and diarrhea. Causes of diarrhea vary but nursing home residents are particularly
vulnerable to Clostridium difficile.28 In general, prevalence of allergic reaction caused by
antibiotics increases with age.28:2% Burdens of antibiotic use for the society include
antibiotic costs and development of difficult-to-treat infections. Frequent use of antibiotics in
nursing homes may result in epidemics of C difficile infection and development of highly
resistant pathogens.12:28

We have not limited our study to radiographic-confirmed pneumonia, because effectiveness
of antibiotics in a sample with a physician’s diagnosis of LRI is more clinically relevant.
Further, our findings were essentially unaffected by including cases that did not meet the
diagnostic LRI criteria in spite of a physician’s diagnosis of pneumonia. Adjustment for
confounding factors is an issue in observational work. However, it is unlikely that our results
are explained by unknown mortality risk factors because we adjusted with a carefully
developed and externally validated risk score that also performed well in the current study,
along with clinical judgment of illness severity; 2 potent determinants of prognosis that,
combined, usually provide the best prediction.2-30-32 Importantly, these known risk factors
were distributed almost equally between treatment groups. As a result, unadjusted results
differed little from adjusted analyses, and further, our findings are robust in a sense that
adjustment for clustering by episodes, or use of other possible, but less suitable, analyses for
mortality rates (series of ftests or logistic regression), when explored, did not essentially
change our findings. Therefore, we benefited from unique circumstances usually created for
randomized trials.

Although our study enrolled fewer cases than previous studies, power was adequate to assess
association of mortality rate with antibiotics. The smallest and power-determining group of
untreated cases was relatively large in particular for a US study, and combined with short-
term outcomes occurring in about half of residents, this involved favorable statistical
efficiency. However, power was insufficient to determine which time-dependent model
showed the best fit, because there were fewer deaths than in previous studies between 9 and
120 days from diagnosis. When exploring data-driven 3-period models in addition to the
presented a priori—determined 2-period models, 9 and 120 days seemed the best time cut
points, with a protective association in the first period (HR 0.47, Cl, 0.27-0.80), a tendency
for antibiotics to increase risk in the second period (HR 4.1, Cl, 0.65-26), and no association
in the third period (HR 0.90, CI, 0.21-3.9). The optimal 9-day cut point is obvious from
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Figure 2, because the slopes representing rates of mortality differ most by treatment in the
first 9 days. Future studies may examine if antibiotics are indeed associated with overall
excess mortality on midterm. Larger studies may also examine associations with different
antibiotic types. Our study was limited to male residents with advanced dementia and severe
acute illness, and further study should determine generalizability to other nursing home
populations.

In the United States, there is a default of treatment with antibiotics.” This does not apply to
the US nursing home under study, with a long-standing tradition of hospice care and
advance care planning.813 It also does not apply to the Netherlands, where antibiotics are
withheld in about a quarter of residents with a physician’s diagnosis of pneumonia and
dementis,>11 especially in high-risk residents, who almost all die when not treated.11.14.15
by contrast, US treatment strategies are more driven by family wishes.33 Informing families
and clinicians of poor prognosis in advanced dementia and modest effectiveness of
antibiotics to prolong life and possible prolonged suffering may help balanced decision
making to replace treatment with antibiotics by default.

Conclusion

For many dementia patients, whether or not to treat LRI with antibiotics remains a treatment
dilemma. Our findings on probable effectiveness of antibiotics to extend life in some cases
and prolong the dying process in others show the importance of accurate mortality
prediction and of further study on characteristics that may alter antibiotic effectiveness, such
as fluid intake. A combination of clinical judgment of risk and validated mortality risk
scores for short-term and long-term outcome in this population, even if scores are most
suitable to identify low-risk residents,234 warrants further study for help in decision making
and improving outcome including survival and comfort for patients with dementia and LRI.
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