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ABSTRACT
Background Community-acquired pneumonia (CAP) is
the most important clinical infection with a high long-
term mortality rate. The aim of this study was to
evaluate the value of biomarkers for the prediction of
short-term and long-term mortality in CAP.
Methods A total of 1740 patients of mean6SD age
60618 years (45% female) with proven CAP were
enrolled in the study. Mid-regional pro-atrial natriuretic
peptide (MR-proANP), C-terminal pro-atrial vasopressin
(CT-proAVP), procalcitonin , C-reactive protein, leucocyte
count (WBC) and CRB-65 score were determined on
admission. Patients were followed up for 180 days.
Results MR-proANP and CT-proAVP levels increased
with increasing severity of CAP, classified according to
CRB-65 score. In patients who died within 28 and
180 days, median MR-proANP (313.9 vs 80.0 and 277.8
vs 76.0 pmol/l, each p<0.0001) and CT-proAVP (42.6 vs
11.2 and 33.2 vs 10.7 pmol/l, each p<0.0001) levels
were significantly higher than the levels in survivors. In
receiver operating characteristics analysis for survival at
28 and 180 days, the areas under the curves (AUCs) for
CT-proAVP (0.84, 95% CI 0.82 to 0.86 and 0.78, 95% CI
0.76 to 0.80) and MR-proANP (0.81, 95% CI 0.79 to 0.83
and 0.81, 95% CI 0.79 to 0.83) were superior to the AUC
of CRB-65 (0.74, 95% CI 0.71 to 0.76 and 0.71, 95% CI
0.69 to 0.74, p<0.05), procalcitonin, C-reactive protein
and WBC. In multivariable Cox proportional hazards
regression analyses adjusted for comorbidity and
pneumonia severity, MR-proANP and CT-proAVP were
independent and the strongest predictors of short-term
and long-term mortality.
Conclusions MR-proANP and CT-proAVP are powerful
tools for the prediction of short-term and long-term risk
stratification of patients with CAP.

INTRODUCTION
Community-acquired pneumonia (CAP) is the
most common potentially fatal infectious disease
throughout the western industrialised countries.1 2

The established CAP risk scoresdthe pneumonia
severity index (PSI) and the CURB score and its
modificationsdare validated for the prediction of
short-term mortality only.3e7 However, several
studies have shown that patients surviving CAP
have a subsequent mortality rate substantially
higher than expected from an age-matched control
population.8e11 Only a limited number of larger
studies have examined long-term mortality in CAP

and its risk factors.8e11 A validated score for the
determination of long-term mortality after CAP is
not available.
Inflammatory markers such as C-reactive protein

(CRP) and procalcitonin (PCT) have been shown to
be predictive of short-term (usually 28-day or 30-
day) mortality.12 We have recently shown in a pilot
study that C-terminal pro-atrial vasopressin (CT-
proAVP) and mid-regional pro-atrial natriuretic
peptide (MR-proANP) are also good predictors of
short-term mortality.13 CT-proAVP and MR-
proANP levels are significantly lower in short-term
survivors of CAP than in those who die within
28 days, and they correlate with the severity of the
disease as measured by the CRB-65 score.
This study was undertaken to investigate the

predictive potential of MR-proANP and CT-proAVP
for long-term mortality in patients with CAP.

METHODS
Patients
CAPNETZ represents a German Competence
network for the study of CAP (CAPNETZ, http://
www.capnetz.de).1 Within CAPNETZ, all new
cases of CAP are reported via a network of sentinel
practices and hospitals to the study monitor of the
corresponding local clinical centre. Inclusion criteria
are age $18 years, a pulmonary infiltrate diagnosed
by chest x-ray, clinical symptoms consisting of
cough or purulent sputum or positive auscultation.
Exclusion criteria include age <18 years, acquired or
therapeutically-induced immune deficiency, active
tuberculosis or possible nosocomial acquisition of
infection (hospitalisation <4 weeks before infec-
tion). After inclusion in CAPNETZ, all clinical
parameters of the patients are stored in an electronic
database.
The CRB-65 score was determined in all patients.

The score consists of four variables: confusion,
respiratory rate $30/min, systolic blood pressure
<90 mmHg or diastolic blood pressure
#60 mmHg, age $65 years.4 14 One point is given
for each parameter present which results in CRB-65
scores of 0e4. The microbiological investigation in
patients in CAPNETZ has been described previ-
ously.1 Briefly, it included sputum samples with
Gram stain and culture, blood samples for serolog-
ical testing for Chlamydophila pneumoniae and
Mycoplasma pneumoniae and a urine sample for the
detection of Legionella pneumophila and Streptococcus
pneumoniae. Detection of respiratory pathogens was
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performed according to standard methods and established
microbiological guidelines.15

All patients were assessed at first presentation and during
follow-up according to a standardised data sheet. After 14 days,
all patients or relatives were contacted personally or by telephone
for a structured interview on outcome parameters including
death. To assess the number of pneumonia-related deaths within
28 days and 180 days, the interview was repeated for all patients
after 180 days. Short-termmortality was defined as death within
the first 28 days. Long-term mortality was defined as death from
day 29 to 180 days after inclusion in the study.

Laboratory measurements
Venous blood samples were collected at the time of inclusion in
the study. Serum CRP was measured by nephelometry with
a commercially available assay (Behring Diagnostics, Marburg,
Germany). Serum PCT was determined by an immunofluores-
cent assay (BRAHMS PCT sensitive KRYPTOR, BRAHMS AG,
Henningsdorf, Germany).

Because of the short half-life of atrial natriuretic peptide
(ANP) and atrial vasopressin (AVP) as well as the instability and
platelet binding of AVP, precursor fragments of both hormones
(mid-regional pro-atrial natriuretic peptide (MR-proANP) and C-
terminal pro-atrial vasopressin (CT-proAVP; Copeptin) were
analysed as alternative diagnostic targets. MR-proANP and CT-
proAVP levels directly reflect the release of their rapidly degraded
active hormones ANP and AVP.16e19

MR-proANP measurements were performed using an immu-
noluminometric sandwich assay (BRAHMS MR-proANP LIA,
BRAHMS AG) as described in detail elsewhere.16 19 CT-proAVP
measurements were performed with a new sandwich immuno-
luminometric assay, as described recently.17 Briefly, two poly-
clonal antibodies to the C-terminal region (covering amino acids
132e164 of pre-proAVP) were used. Laboratory measurements
were performed in a blinded fashion without knowledge of
clinical parameters and microbiological results. Measurements of
PCT, CT-proAVP and MR-proANP were performed in one central
laboratory.

Statistical analysis
Data were statistically analysed with Graph Pad Prism 4.0
(GraphPad Software Inc) and MedCalc 9.0.1.0 package (MedCalc
software). Distribution of the analysed continuous variables (eg,
scores, biomarkers) for normality was tested with the Kolmo-
goroveSmirnov test. To compare inpatients and outpatients as
well as short-term/long-term survivors and deaths, two group
comparisons of continuous variables were performed by the
ManneWhitney U test. Categorical data were compared using
the c2 test. For comparisons of (continuous) marker values and
pneumonia severity (CRB-65 class), KruskaleWallis one-way
analysis of variance was used. Correlation analyses were
performed using Spearman rank correlation. To compare the
accuracy of markers to predict hospitalisation and to identify
best cut-off concentrations to predict the risk of mortality, we
constructed receiver operating characteristic curves and deter-
mined the area under the curve (AUC). Using the identified cut-
off concentrations to predict mortality risk, KaplaneMeier
survival curves were generated to visualise the distribution of
times from baseline to death, and the log-rank test was
performed to compare the survival curves between groups. ORs
were calculated from cross tabulation of markers above/below
the cut-off values and outcome. Furthermore, Cox proportional
hazards regression was used to analyse the effect of the
biomarkers on survival in univariate analyses. To show that the

proposed markers are independent of the known risk factors
CRB-65, presence of congestive heart failure or comorbidities,
multivariable Cox regression analyses were performed. Comor-
bidities were defined as the presence of one or more of the
following: congestive heart failure, chronic obstructive pulmo-
nary disease (COPD), chronic renal disease, chronic liver disease,
cerebrovascular disease, malignancy or diabetes mellitus.
Proportional hazards assumption for the Cox regression was
tested based on weighted residuals. None of the time-dependent
coefficients b(t) deviated significantly from a straight line. Posi-
tive and negative predictive values were calculated to give
information about the probability that the new biomarkers will
give the correct diagnosisdin our case, the event of mortality. All
statistical tests were two-tailed and a p value <0.05 was
considered statistically significant.

RESULTS
Patients
The study population comprised 1740 patients with a mean age
of 60618 years (range 18e98) and 55% were male; 65% of
patients were hospitalised and 35% were treated as outpatients.
The causative pathogen was found in 331 patients (19.0%)
(typical pyogenic bacterial infection, n¼100 (5.7%); atypical
bacterial infection (Legionella spp,Mycoplasma andC pneumoniae),
n¼170 (9.8%); viral infection, n¼21 (1.2%); mixed infections
with two or more pathogens, n¼40 (2.3%)). Overall, 58.8% of
patients were characterised by one or more relevant coexisting
illnesses, including congestive heart failure, COPD, chronic renal
disease, chronic liver disease, cerebrovascular disease, cancer and
diabetes mellitus. Comorbidities and abnormal physical exami-
nation findings were more frequent in hospitalised patients than
in outpatients (table 1).

Outcome
Of the 1740 patients included in the study, four patients (0.2%)
were lost to follow-up. Seventy-eight patients (4.5%) died
within 28 days and an additional 93 patients (5.6%)
died between days 29 and 180. Overall, 171 patients (9.9%) died
within 180 days. The proportion of short-term deaths of outpa-
tients was significantly lower than that of hospitalised patients
(1 (0.2%) vs 77 (6.9%), p<0.0001). The isolated proportion of
long-term deaths of outpatients was significantly lower than
that of hospitalised patients (3 (0.5%) vs 90 (8.6%), p<0.0001).
One hundred and five of the 1736 patients (6%) were from
nursing home/long-term care facilities. The overall number of
deaths at 180 days of patients from nursing home/long-term care
facilities was higher than of patients who were not from nursing
home/long-term care facilities (23 (22%) vs 148 (9.1%), p<0.01).

Pneumonia severity
Severity of pneumonia was assessed using the CRB-65 score. In
outpatients, pneumonia severity assessed by CRB-65 points was
lower than in hospitalised patients (p<0.0001). MR-proANP and
CT-proAVP levels increased with increasing severity of CAP
(p<0.0001). CRP, WBC and PCT levels were also associated with
increasing pneumonia severity (p<0.0001).

Prediction of short-term clinical outcome
In patients who died within 28 days of follow-up, MR-proANP
and CT-proAVP levels on admission were significantly higher
than levels in survivors (median (IQR) MR-proANP 313.9
(154.0e615.6) vs 80.0 (47.0e175.0) pmol/l, p<0.0001;
CT-proAVP 42.6 (20.6e75.8) vs 11.2 (5.1e20.7) pmol/l,
p<0.0001; figure 1). The respective values for CRP were 155.0
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(69.1e296.5) vs 72.5 (21.0e176.9) mg/l (p<0.0001) and for PCT
0.83 (0.19e4.49) vs 0.10 (0.06e0.35) ng/ml (p<0.0001).

The AUCs for short-term mortality of CT-proAVP (0.84, 95%
CI 0.82 to 0.86) and MR-proANP (0.81, 95% CI 0.79 to 0.83)
were significantly higher than those of PCT (0.76, 95% CI 0.73
to 0.78; p¼0.02), CRB-65 (0.74, 95% CI 0.71 to 0.76, p¼0.02),
CRP (0.67, 95% CI 0.65 to 0.69, p<0.001) andWBC (0.60, 95% CI
0.57 to 0.62, p<0.001) (figure 2A).

The optimal threshold (minimal false negative and false
positive results) to predict short-term death was 110 pmol/l for
MR-proANP with a sensitivity of 91%, specificity of 62%, posi-
tive predictive value of 10% and negative predictive value of 99%
(OR 14.6, 95% CI 7.0 to 30.5). The optimal threshold for CT-
proAVP to predict death was 29.0 pmol/l with a sensitivity of
68%, specificity of 86%, positive predictive value of 19% and
negative predictive value of 98% (OR 13.1, 95% CI 7.8 to 22.2).

Prediction of long-term clinical outcome
In patients who died during 180 days of follow-up, MR-proANP
and CT-proAVP levels on admission were significantly higher
than in survivors (median (IQR) MR-proANP 277.8
(138.0e626.5) vs 76.0 (45.7e161.6) pmol/l, p<0.0001;

CT-proAVP 33.2 (16.4e60.4) vs 10.7 (5.0e19.7) pmol/l,
p<0.0001; figure 1). The respective values for CRP were 101.7
(39.5e215.3) vs 71.8 (20.0e180.0) mg/l (p¼0.0004) and for PCT
0.43 (0.13e1.89) vs 0.09 (0.06e0.32) ng/ml (p<0.0001).
For cumulative long-term mortality at 180 days, AUC was

highest for MR-proANP (0.81, 95% CI 0.79 to 0.83) which was
comparable to the AUC of CT-proAVP (0.78, 95% CI 0.76 to 0.80;
p¼NS). The AUCs for PCT (0.70, 95% CI 0.67 to 0.72; p<0.001),
CRB-65 (0.71, 95% CI 0.69 to 0.74, p¼0.001), CRP (0.57, 95% CI
0.55 to 0.60, p<0.001) and WBC (0.61, 95% CI 0.59 to 0.64,
p<0.001) were significantly lower compared with MR-proANP
and CT-proAVP (figure 2B).
The optimal threshold (minimal false negative and false

positive results) to predict death at 180 days was 102 pmol/l for
MR-proANP with a sensitivity of 88%, specificity of 62%, posi-
tive predictive value of 20% and negative predictive value of 98%
(OR 11.9, 95% CI 7.4 to 19.0). The optimal threshold for CT-
proAVP to predict death was 22.3 pmol/l with a sensitivity of
65%, specificity of 80%, positive predictive value of 26% and
negative predictive value of 95% (OR 7.3, 95% CI 5.2 to 10.4).
Figure 3 shows the KaplaneMeier curves according to three
different biomarkers.

Table 1 Baseline characteristics of patients

Characteristic
Total
(n[ 1740)

Inpatients
(n [ 1131)

Outpatients
(n [ 609) p Value*

Mean 6 SD age (years) 60 6 18 64 6 18 51 6 16 <0.0001

Male sex, n (%) 961 (55.2) 682 (60.3) 279 (45.8) <0.0001

Smokers, n (%) 513 (29.5) 329 (29.1) 184 (30.2) 0.6

Comorbidities, n (%)

Congestive heart failure 298 (17.1) 262 (23.2) 36 (5.9) <0.0001

COPD 610 (35.1) 432 (38.2) 178 (29.2) 0.0002

Chronic renal disease 141 (8.1) 132 (11.7) 9 (1.5) 0.0001

Chronic liver disease 57 (3.3) 41 (3.7) 16 (2.6) 0.3

Cerebrovascular disease 165 (9.5) 157 (13.9) 8 (1.3) <0.0001

Malignancy 166 (9.5) 128 (11.3) 38 (6.2) 0.0006

Diabetes mellitus 286 (16.4) 247 (21.9) 39 (6.4) <0.0001

Physical examination findings, n (%)

Confusion 143 (8.2) 132 (11.7) 11 (1.8) <0.0001

Respiratory rate $ 30/min 146 (8.4) 127 (11.2) 19 (3.1) 0.0001

Blood pressure
systolic <90 mm Hg or diastolic #60 mm Hg

311 (17.9) 251 (22.2) 60 (9.9) <0.0001

Aetiology of CAP, n (%)

Typical bacterial pathogensy 100 (5.7) 74 (6.5) 26 (4.3) 0.05

Atypical pathogensz 170 (9.8) 100 (9.6) 61 (10.0) 0.4

Virusesx 21 (1.2) 13 (1.1) 8 (1.3) 0.8

Mixed{ 40 (2.3) 31 (2.7) 9 (1.5) 0.09

Unknown 1409 (81.0) 904 (79.9) 505 (82.9) 0.1

Prior antibiotics, n (%) 480 (27.6) 279 (24.7) 201 (33.0) 0.0002

CRB-65, n (%)

0 726 (41.7) 354 (31.3) 372 (61.1) <0.0001

1 717 (41.2) 506 (44.7) 211 (34.6) <0.0001

2 232 (13.3) 207 (18.3) 25 (4.1) <0.0001

3 58 (3.3) 57 (5.0) 1 (0.2) <0.0001

4 7 (0.4) 7 (0.6) 0 (0) 0.05

28-day mortality, n (%) 78 (4.5) 77 (6.9) 1 (0.2) <0.0001

Cumulative 180-day mortality, n (%) 171 (9.9) 167 (14.8) 4 (0.7) <0.0001

*Comparison of inpatients vs outpatients.
yS pneumoniae, H influenzae, E coli, S aureus, Moraxella catarrhalis, Enterobacter spp, Proteus mirabilis, Pseudomonas spp,
Citrobacter spp, Enterococcus faecium, Klebsiella pneumoniae, Streptococcus agalactiae.
zMycoplasma pneumoniae, Legionella pneumophila, Chlamydophila pneumoniae.
xInfluenza A, respiratory syncytial virus.
{Infections with two or more pathogens including the following combinations: two or more typical or atypical bacteria, typical bacterial
plus atypical bacterial infection, typical or atypical bacterial infection plus viruses.
CAP, community-acquired pneumonia; COPD, chronic obstructive pulmonary disease.
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In univariate Cox proportional hazards regression analysis,
increased MR-proANP and CT-proAVP levels had significant risk
ratios independent of confounders such as the presence of
comorbidity and pneumonia severity (table 2). In multivariable
Cox proportional hazards regression analyses adjusted for these
confounders, the strongest predictors of short-term and cumu-
lative long-term mortality were serum MR-proANP and CT-
proAVP levels >110 pmol/l and 29.0 pmol/l for short-term
mortality, respectively, and MR-proANP and CT-proAVP levels
>102 pmol/l and 22.3 pmol/l for death at 180 days. Highest risk
ratios were calculated for MR-proANP.

DISCUSSION
The main findings of this study are (1) MR-proANP, CT-proAVP
and PCTserum levels increase with increasing pneumonia severity
as assessed by CRB-65 score; (2) MR-proANP and CT-proAVP

levels are good predictors of 28-day and 180-day mortality from
pneumonia; (3) MR-proANP and CT-proAVP are significantly
better predictors for 28-day mortality and especially for 180-day
mortality than the CRB-65 score and PCT, CRP and WBC.
Currently, two severity prediction tools have been developed

to assess pneumonia severity at initial presentation. These
include the PSI and the CURB score and its modifications
(CURB-65, CRB-65).3 4 7 20 Risk assessment by the CRB-65 score
yielded comparable results to the CURB or PSI score in patients
with CAP.5 14 More recently, biomarkers have emerged as
predictors of pneumonia severity. In previous studies we showed
that the biomarkers PCT,MR-proANPand CT-proAVP correlated
with severity and short-term mortality.12 13 In a smaller study of
373 patients with lower respiratory tract infections, MR-proANP
levels were significantly higher in short-term non-survivors than
in survivors.21 A further recent study showed that MR-proANP

Figure 1 Admission levels of (A) mid-
regional pro-atrial natriuretic peptide
(MR-proANP) and (B) C-terminal pro-
atrial vasopressin (CT-proAVP) in
patients with community-acquired
pneumonia (CAP) according to outcome
(28-day and 180-day mortality). Solid
lines denote median values, boxes
represent 25th to 75th percentiles and
whiskers indicate the range.
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Figure 2 Receiver operator
characteristic curves for mid-regional
pro-atrial natriuretic peptide (MR-
proANP), C-terminal pro-atrial
vasopressin (CT-proAVP), procalcitonin
(PCT), C-reactive protein (CRP), white
blood cells (WBC) and CRB-65 score
with respect to prediction of mortality
within (A) 28 days and (B) 180 days.
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levels increase with severity of CAP and are higher in patients
who develop complications or die.22 In the present study the
association of biomarkers such as MR-proANP, CT-proAVP and
PCTwith pneumonia severity and its high predictive potential
for short-term mortality was confirmed. Interestingly, MR-
proANP and CT-proAVP performed even better than the CRB-65
score as assessed by receiver operating characteristic curves. A

new finding of this study is that MR-proANP and CT-proAVP
show a high predictive value for long-term mortality as well as
for short-term mortality. Although the positive predictive values
are low, the very high negative predictive potential of MR-
proANP and CT-proAVP for short-term as well as long-term
mortality might be useful for identifying patients who can be
safely treated despite an increased CRB-65 score. Patients with
raised levels of MR-proANP and CT-proAVP should be examined
with respect to underlying relevant cardiovascular morbidity.
Several investigations have consistently shown that long-term

mortality is excessive after an acute phase of CAP compared
with an age-matched cohort.8 9 23 The highest impact of CAP on
long-term mortality is in the first year after the initial episode of
CAP, but the association with excess long-term mortality could
be demonstrated for at least 5 years. Independent clinical
predictors of long-term mortality are increasing age, cardiovas-
cular and cerebrovascular comorbidities and altered mental state.
Acute physiological changes are not helpful for determining long-
term mortality; they are associated with short-term mortality
only.23 The main causes of death after an episode of CAP are
cardiovascular diseases and cancer, but chronic lower respiratory
disease, renal failure and infection also have an important role.23 24

Subjects with significant comorbidities such as chronic heart
disease, lung disease, renal disease or cancer have higher
circulating inflammatory marker concentrations and are more
likely to die of the underlying comorbidity. Yende et al found
that persistent inflammation, defined as increased circulating
levels of interleukin-6 (IL6) and IL10 at hospital discharge after
CAP were associated with all-cause and cause-specific mortality
over 1 year despite the resolution of clinical signs of an acute
infection.24 At hospital discharge more than half the patients had
raised serum concentrations of IL6. Interestingly, they found that
in many patients who died of cardiovascular disease, cancer and
renal failure long-term after CAP, the presence of these

Figure 3 KaplaneMeier analysis
according to (A) mid-regional pro-atrial
natriuretic peptide (MR-proANP levels)
(groups below (n¼998, solid line) and
above (n¼727, dotted line) a cut-off
concentration of 102 pmol/l; p<0.0001,
log-rank test); (B) C-terminal pro-atrial
vasopressin (CT-proAVP) levels (groups
below (n¼1270, solid line) and above
(n¼391, dotted line) a cut-off
concentration of 22.3 pmol/l;
p<0.0001, log-rank test); (C)
procalcitonin (PCT) levels (groups below
(n¼1037, solid line) and above (n¼688,
dotted line) a cut-off concentration of
0.15 ng/ml; p<0.0001, log-rank test).

MR-proANP

0 50 100 150 200

0.800

0.825

0.850

0.875

0.900

0.925

0.950

0.975

1.000 102 pmol/l

> 102 pmol/l

p < 0.0001

time (days)
F

r
a
c
t
i
o

n
 
s
u

r
v
i
v
a
l

F
r
a
c
t
i
o

n
 
s
u

r
v
i
v
a
l

F
r
a
c
t
i
o

n
 
s
u

r
v
i
v
a
l

0 50 100 150 200

0.7

0.8

0.9

1.0

CT-proAVP

22.3 pmol/l

p < 0.0001

> 22.3 pmol/l

time (days)

PCT

0 50 100 150 200

0.800

0.825

0.850

0.875

0.900

0.925

0.950

0.975

1.000

0.15 ng/ml

p < 0.0001

> 0.15 ng/ml

time (days)

A B

C

Table 2 Results of Cox proportional hazards regression analysis of the
effect of baseline variables on long-term survival; outcome is death within
follow-up of 180 days, patients lost to follow-up were censored

Baseline variables HR (95% CI) p Value

Univariate analysis

MR-proANP (>102 pmol/l) 10.98 (6.90 to 17.47) <0.0001

CT-proAVP (>22.3 pmol/l) 6.47 (4.69 to 8.94) <0.0001

CRB-65 (>1) 4.25 (3.14 to 5.77) <0.0001

Congestive heart failure 3.67 (2.70 to 4.99) <0.0001

Comorbidity* 7.62 (4.50 to 12.92) <0.0001

Multivariate Cox regression model 1

MR-proANP (>102 pmol/l) 7.67 (4.72 to 12.45) <0.0001

CRB-65 (>1) 2.43 (1.78 to 3.32) <0.0001

Congestive heart failure 1.64 (1.19 to 2.25) 0.002

Multivariate Cox regression model 2

MR-proANP (>102 pmol/l) 6.37 (3.92 to 10.35) <0.0001

CRB-65 (>1) 2.28 (1.67 to 3.11) <0.0001

Comorbidity* 3.23 (1.87 to 5.59) <0.001

Multivariate Cox regression model 3

CT-proAVP (>22.3 pmol/l) 4.43 (3.18 to 6.17) <0.0001

CRB-65 (>1) 2.38 (1.74 to 3.25) <0.0001

Comorbidity* 4.65 (2.71 to 7.96) <0.0001

*Presence of one or more comorbidities: congestive heart failure, chronic obstructive
pulmonary disease, chronic renal disease, chronic liver disease, cerebrovascular disease,
malignancy, or diabetes mellitus.
CT-proAVP, C-terminal pro-atrial vasopressin; MR-proANP, mid-regional pro-atrial natriuretic
peptide.
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underlying diseases was unknown before the occurrence of CAP
and even after the CAP episode. This supports the traditional
hypothesis that, in many cases (especially elderly subjects), CAP
might be a sentinel event for an underlying life-limiting disease.

In our study the CRB-65 score and PCT but not CRP and
WBC also predicted 180-day mortality. Again, however, they
performed significantly inferior to MR-proAVP and CT-proANP.
These results suggest that MR-proANP and CT-proAVP are
surrogate markers for patients with a high mortality risk at
follow-up. There are some mechanisms that might be respon-
sible for the marked increase in MR-proANP and CT-proAVP
levels in patients with CAP. First, sepsis is the main cause of
death in the acute phase of CAP. It has been shown that MR-
proAVP and CT-proANP serum levels are strongly elevated in
patients with septic shock and are associated with poorer
survival.18 25e27 Second, MR-proAVP and CT-proANP levels are
increased in patients with cardiac failure and renal disease.25 26 28

In patients with CAP, cardiac failure and consecutive elevation of
MR-proAVP and CT-proANP levels might be due to underlying
pre-existing cardiac disease or septic cardiomyopathy. As we have
shown, the prognostic value of MR-proAVP and CT-proANP was
independent of a pre-existing diagnosis of chronic heart failure or
other chronic heart disease. In the setting of acute CAP, under-
lying previously unknown cardiovascular or renal disease may be
aggravated by acute inflammatory activation. Although the
underlying disease might not appear directly clinically evident, it
could result in higher serum levels of MR-proANP and CT-
proAVP. This hypothesis is supported by our finding that MR-
proANP and CT-proAVP were stronger predictors of the risk of
mortality than a history of congestive heart failure or other
comorbidities alone. Taken together, the increase in MR-proANP
and CT-proAVP levels might be attributable to hidden cardio-
vascular comorbidities or to cardiovascular dysfunction as
a consequence of the acute infection.

Whether the better predictive potentials of MR-proANP and
CT-proAVP for short- and long-term mortality translate into
clinically relevant prediction toolsdparticularly of long-term
mortality from CAPdremains to be determined. We recently
showed that clinical scores and biomarkers can both bemerged and
result in superior predictions of short-term mortality.12 However,
our results need prospective validation in an independent patient
cohort before they can be implemented in clinical practice.

The present study has some limitations. The measurement of
MR-proANP and CT-proAVP is potentially influenced by other
factors such as sex, age and renal function which are known to
affect brain natriuretic peptide.29 Indeed, we observed a signifi-
cant correlation of MR-proANP and CT-proAVP with serum
osmolarity and serum urea levels. Interpretation is difficult
because the observed elevations in MR-proANP and CT-proAVP
might in part be a result of renal failure related to severe CAP.
Patients were not strictly consecutively included in the study.
However, it was an observational study and not an interven-
tional study, so this should not have a significant impact on the
findings. The timing of biomarkers was not standardised. Blood
samples were taken as soon as possible after inclusion in the
study. Because of the large scale and design of the CAPNETZ
study, the kinetics of the biomarkers have not been studied.
However, the assessment of pneumonia severity and obtaining
serum samples for biomarkers were performed concurrently. An
analysis of the causes of death could not be done because the
causes of death at long-term follow-up could not be consistently
identified.

In conclusion, MR-proANP and CT-proAVP are strong
predictors of 28-day and 180-day mortality from CAP. They

were superior to the clinical CRB-65 score and the inflammatory
markers PCT, CRP and WBC. If our findings are confirmed in
future prospective intervention studies, MR-proANP and CT-
proAVP might become useful additional prognostic markers for
short-term and long-term risk assessment in CAP. They may be
valuable tools for assessing both patients with increased short-
term risk of death and patients at high risk of death within
180 days after pneumonia. In these patients, increased attention
to possible cardiovascular disease, chronic lung disease and cancer
and closer medical follow-up may be indicated.
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Pulmonary puzzle

Three diagnoses become one:
a woman with ground-glass
attenuation develops fever

CLINICAL PRESENTATION
In 2002 a 73-year-old woman (non-smoking, medical history of
allergic rhinitis) was referred to a rheumatologist because of
synovitis of the metacarpophalangeal and proximal interpha-
langeal joints of both hands which had slowly developed over
3 months. Late-onset rheumatoid arthritis was suspected.
Morning stiffness, rheumatoid nodules, erosions of cartilage or
bone, rheumatoid factor and antibodies to cyclic citrullinated
peptides were absent. Prednisone (2.5e5 mg daily) and non-
steroidal anti-inflammatory drugs were started.

In 2004 she was referred to a respiratory physician for analysis
of a persistent dry cough and pleural effusion. CT scans of the
lungs (six scans between 2004 and 2009, see representative scan
in figure 1 revealed fleeting bilateral multifocal consolidations
with ground-glass attenuation. Bronchoscopic examination was
normal. The lavage fluid showed 39% macrophages, 58%
lymphocytes and 2% neutrophils. Diffusing capacity (transfer
factor) was low while spirometry was normal. These findings
were interpreted as lung disease secondary to rheumatoid
arthritis. Because polyarthritis had responded to low-dose gluco-
corticoid treatment and the pulmonary lesions appeared stable
over time, this low-dose regimen was maintained over the years.

In 2005 diabetes mellitus type 2 was diagnosed which was
treated with oral blood glucose lowering agents (metformin
500 mg twice daily) resulting in adequate control (glycosylated
haemoglobin 7.1%). No diabetic retinopathy was present. In
2006 she developed painful polyneuropathy. The neurologist
ascribed polyneuropathy to diabetes mellitus and started
amitriptyline. No further tests were ordered.

In 2008 she developed persistent fevers, elevated inflamma-
tory parameters (peak erythrocyte sedimentation rate 106 mm/h,
C-reactive protein 135 mg/l) and normocytic anaemia (haemo-
globin 8.7 g/dl (5.3 mmol/l)). Elaborate testing failed to provide
new insights. These tests included serial blood cultures, tests for
tuberculosis, syphilis, borrelia, hepatitis, HIV, bone marrow
biopsy, CT scans of chest and abdomen, positron emission
tomography, leucocyte scan, bronchoalveolar lavage and
temporal artery biopsy.

QUESTION
A woman with presumed rheumatoid arthritis, associated lung
disease, diabetes mellitus and polyneuropathy develops fevers of
unknown origin. Which alternative diagnosis is possible based
on the clinical information and the CT image (figure 1) and
which tests would you order to confirm this?
See page 270 for answer
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Figure 1 CT scan of the lungs of a 73-year-old woman with ground-
glass attenuation and fever.
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