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Summary

PRINCIPLES: Midregional proadrenomedullin (proADM)
is a novel biomarker with potential prognostic utility in
patients with community-acquired pneumonia. The aim of
this study was to investigate the value of proADM levels
for severity assessment and outcome prediction in severe
sepsis and septic shock due to CAP.

METHODS: Prospective observational study including 49
patients admitted to ICU with both a clinical and radiologic
diagnosis of pneumonia and fulfilling criteria for severe
sepsis or septic shock. The prognostic accuracy of
proADM levels was compared with those of pneumonia
severity index and of procalcitonin (PCT) and C-reactive
protein (CRP).

RESULTS: 49 patients with severe sepsis or septic shock
due to CAP were included in the study. Mortality was
24.5% for ICU and 34.7% for hospital mortality. In all
cases proADM values at ICU admission were pathological
(considering normal proADM levels <4 nmol/L). ProADM
consistently rose as PSI class advanced from II to V (p
= 0.02). Median proADM levels were higher (p <0.01) in
hospital non-survivors 5.0 (1.9—10.1) nmol/L vs. survivors
1.7 (1.3-3.1) nmol/L. These differences were also signific-
ant with respect to ICU mortality. The receiver-operating
characteristic curve for proADM yielded an AUC of 0.72;
better than the AUC for PCT and CRP (0.40 and 0.44 re-
spectively) and similar to PSI (0.74).

CONCLUSIONS: In our study MR-proADM levels correl-
ate with increasing severity of illness and death. High MR-
proADM levels offer additional risk stratification in high-
risk CAP patients.

Keywords: proadrenomedullin, pneumonia; CAP; sepsis;
procalcitonin

Introduction

Community-acquired pneumonia (CAP) is the leading
cause of death from infectious disease in western countries

and involves major consumption of healthcare resources
[1]. CAP mortality is reported to be between 5.7% and
14%, and is a common ground for intensive care unit ad-
mission [2]. Prompt antibiotic administration and ICU
transfer if required are essential to improve survival in
these patients [3, 4]. Hence early and accurate diagnosis
and risk assessment are vital for optimal care of critically
ill patients. Novel laboratory methods, such as real-time
multiplex PCR or MALDI TOF MS, have been developed
to improve the diagnosis aspect but early identification of
high risk patients continues to be a challenge [5]. Like-
wise, several scores have been proposed to define severe
CAP and identify patients at high risk. Nevertheless, these
scores may underestimate severity in young people and do
not perform so well when outcomes such as ICU admission
or need for mechanical ventilation are taken into account
[6]. Given these areas of uncertainty in clinical decision-
making, a concerted effort has been undertaken to develop
reliable and practical biomarkers for diagnosis, risk predic-
tion and management of CAP.

Adrenomedullin is a peptide produced by multiple tissue
types during physiological stress, and has pluripotent func-
tion including vasodilatory, antimicrobial, and antiinfam-
matory activity [7]. Quantification of ADM may be helpful
in diagnosing and monitoring sepsis as well as establishing
prognosis [8]. Unfortunately, ADM is rapidly cleared from
the circulation and hence reliable measurement is almost
impossible. Recently the more stable mid-regional frag-
ment of proadrenomedullin, which directly reflects levels
of the active peptide ADM, was identified in plasma of pa-
tients with septic shock [9]. ProADM may be as good as
validated severity scores at detecting critically ill patients
with CAP, and is probably better than other biomarkers
such as procalcitonin [10, 11].

The aims of this study are to determine whether by using
proADM we shall be able to detect patients with CAP and a
high risk of mortality, and to compare this prognostic value
with other biomarkers and scores used commonly in clinic-
al practice.
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This study was performed with the approval of the hospital
ethics committee and written informed consent was ob-
tained from patients or their relatives to allow blood
sampling.

Patients and methods

Study design and setting

We conducted a single-centre prospective observational
study between January and September 2009. The study was
performed in a 30-bed adult intensive care department at
Marques de Valdecilla University Hospital in Spain. This
department consists of two general medical and surgical
units and a neurotrauma unit. Eligible patients were all
consecutive adult patients, aged 17 or over and admitted
to the ICU with both a clinical and radiological diagnosis
of pneumonia as defined by Fine et al. [12] and fulfilling
criteria for severe sepsis or septic shock according to the
2001 International Sepsis Definitions Conference. We ex-
cluded all subjects who had been discharged from a hospit-
al within the 10 days prior to diagnosis of CAP and those
with hospital-acquired pneumonia defined as development
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Figure 1
Distribution of proADM levels by PSI class.
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Figure 2

Distribution of PCT levels by PSI class.

of pneumonia 48 hours or more following hospital admis-
sion.

Clinical and demographic characteristics of all patients,
including age, gender, comorbidities, immunosuppression
(AIDS, neutropenia [neutrophil count <1 x 10°/L], expos-
ure to glucocorticoids [>0.5 mg/kg for >30 d] and/or im-
munosuppressive or cytotoxic medications, solid organ
transplantation, allogeneic or autologous stem cell trans-
plantation, haematological malignancy, or solid tumour),
Acute Physiology and Chronic Health Evaluation II score
at 24 hrs [13], Sequential Organ Failure Assessment score
[14] at admission, location before ICU admission, source
of infection, sepsis category and organ dysfunction at ICU
admission were recorded. We prospectively assessed sever-
ity of illness using the Pneumonia Severity index (PSI)
[12]. We calculated CURB-65 [15] retrospectively using
altered mental status or a new change in the Glasgow Coma
Scale as proxy measures for confusion. Both scores were
determined on ICU admission.

Methods of measurement

Venous blood samples were obtained at ICU admission
and collected in tubes containing EDTA. After centrifu-
gation, these were kept frozen at —80 °C until assayed.
MR-proADM was measured using a new sandwich im-
munoassay (MR-proADM; BRAHMS; Hennigsdorf, Ger-
many). Intra-assay imprecision was under 10% over the en-
tire measuring range, and the functional assay sensitivity
(interassay coefficient of variation [CV] <20%) was 0.12
nmol/L. ProADM levels were considered normal when <4
nmol/L based in the median value of proADM observed in
healthy adults [16].

For serum PCT measurement we used a time-resolved
amplified cryptate emission technology assay (Kryptor
PCT; Brahms, Hennigsdorf, Germany). This assay is based
on a polyclonal antibody against calcitonin and on a mono-
clonal antibody against katacalcin. Antibodies bind to the
calcitonin and katacalcin sequence of precursor molecules.
This assay has an optimised functional sensitivity of 0.06
meg/L.

Serum CRP concentrations were measured by immunotur-
bidimetric assay on Modular analyser (Roche Diagnostics,
Meylan, France).

Statistical analysis

Discrete variables were expressed as counts (percentage)
and continuous variables as means + standard except for
biomarker levels which were expressed as median and
quartiles. Statistical differences between groups were as-
sessed by chi-square test, using Yates’ correction or Fish-
er’s exact test when appropriate, for categorical variables,
and by the Kruskal-Wallis for continuous. Those variables
with P values less than 0.15 on univariate analysis were
then entered into a multivariate logistic regression analysis
to further identify the independent predictors of hospital
mortality and their adjusted odds ratios (OR) with 95%
confidence intervals (CIs) (95% CI). A P value less than
0.05 was considered significant.

To compare the predictive value of CRP, PCT, and
proADM, receiver operating characteristic (ROC) curves
were constructed and the area under the curve (AUC) was
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determined. The outcome variable was in-hospital mortal-
ity. On the basis of optimal thresholds determined accord-
ing to ROC curve analysis, prognostic parameters (positive
and negative predictive values and positive and negative
likelihood ratios) were also calculated.

All tests were two-tailed. We used the SPSS statistical soft-
ware package 15.0 (SPSS, Inc., Chicago, Ill) for all statist-
ical analyses.

Results

The demographic characteristics of the study population
are presented in table 1. Forty-nine patients with severe
sepsis and/or septic shock due to CAP were included in the
study (33 men and 16 women) with a mean age at admis-
sion of 59.4 + 13.4 years. At ICU admission mean Apache
II (at 24 hours) and SOFA scores were 20.5 = 6.8 and 8.7
+ 2.2 respectively. Immunosuppression was present in 12
(24.5%) of the patients; 8 cases due to exposure to glu-
cocorticoids or immunosuppressive medications, 1 AIDS,
1 solid organ (lung) transplantation, 1 haematological ma-
lignancy and 1 solid tumor. Microbiological determina-
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Distribution of CRP levels by PSI class.
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Figure 4

ROC curve analysis of PSI+ProADM on predicting hospital
mortality.

tions were positive in 32 (65%) of the patients. With 20
(40%) isolations Streptococcus pneumoniae was the most
frequently isolated bacterium followed by Legionella pneu-
mophila (7%) and Haemophilus influenzae (5%) respect-
ively. 12 patients (24%) presented bacteraemic pneumo-
nia. The mortality rate was 24.5% for ICU and 34.7% for
hospital mortality. Non-survivors were more frequently im-
munosuppressive, had higher Apache II, SOFA and PSI
scores on ICU admission and needed mechanical ventila-
tion in a higher percentage of cases (table 1).

Overall measurements of the three biomarkers are presen-
ted in table 1. In all cases, proADM values at ICU admis-
sion were pathological. Although not statistically signific-
ant, patients in septic shock had higher levels of proADM
than the group of patients in severe sepsis [2.7 (1.5-8.9)
nmol/L vs. 1.3 (1.0-3.2); p = 0.08]. Neither PCT nor CRP
levels could discriminate between these populations [9.3
(3.3-29.2) ng/ml vs. 13.1 (3.3-23.7) ng/ml; p=0.51] and
[25.1 (14.4-32.7) vs. 17.8 (10.1-28.8); p = 0.18] respect-
ively. ProADM consistently rose as PSI class advanced
from II to V (p = 0.02) (fig. 1 and table 2). Differences
across PSI class were not significant for CRP (p = 0.73)
and PCT (p = 0.12) (fig. 2 and 3 and table 2). Median
proADM levels were higher in non-survivors than in sur-
vivors 5.0 (1.9-10.1) nmol/L vs. survivors 1.7 (1.3-3.1)
nmol/L; p <0.01). These differences were also significant
with respect to ICU mortality 6.6 (1.5-15.4) nmol/L vs
2.0 (1.4-3.4) nmol/L; p <0.01. Patients with renal failure
(defined as serum creatinine higher than 2 mg/dl) presented
higher levels of proADM than patients with normal func-
tion, although the difference did not reach statistical signi-
ficance: 1.6 (1.2-3.6) vs 2.8 (1.5-7.7) nmol/L; p = 0.34.
The receiver-operating characteristic curve for proADM
yielded an AUC of 0.72, higher than the AUC for PCT
and CRP (0.40 and 0.44 respectively) and similar to PSI
(0.74).The association of proADM and PSI only slightly
increased the accuracy of PSI in determining the risk of
hospital mortality (AUC = 0.76) (fig. 4). The optimal pro-
gnostic cut-off (maximum combined sensitivity and spe-
cificity) related to in-hospital mortality for proADM was
4.86 nmol/L, with a sensitivity of 0.53, specificity of 0.84,
positive likelihood ratio of 3.39, negative likelihood ratio
of 0.56, positive predictive value of 64.3 and negative pre-
dictive value of 77.1. Patients with a plasma proADM level
higher than 4.86 nmol/L on ICU admission had in-hospital
mortality significantly higher than those with a lower value
(60% vs. 23.5%; p = 0.02).

In the multivariate logistic regression analysis, Apache II
score was the only independent predictor of hospital mor-
tality after adjustment by age, SOFA score, PSI score, im-
munosupression, proADM levels, ARDS and need for
mechanical ventilation (OR: 1.24; CI 95%: 1.07-1.43; p =
0.003).

Discussion

The accuracy of ProADM plasma levels at ICU admission
in predicting the severity and outcome of severe sepsis
and septic shock CAP is similar to that afforded by PSI
and CURB-65 scores and higher than commonly measured
laboratory parameters.
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Despite the remarkable advances in antibiotic therapies,
diagnostic tools, prevention campaigns and intensive care,
community-acquired pneumonia (CAP) is still among the
primary causes of death worldwide and there have been
no significant changes in mortality over the last few dec-
ades. Taking into account the importance of CAP in terms
of morbidity and mortality, early identification of patients
at high risk is a key point in improving their outcome.
However, commonly available diagnostic tools are of lim-
ited value in determining which patients will have a poor
outcome. While several generic severity scoring systems
have been developed to approach this issue, they may be
too complicated for use in everyday practice, understimate

severity in young patients [17] and perform less well when
considering outcomes such as mortality [18].

Biomarkers are becoming the way to improve prognostic
accuracy of clinical scores. PCT is the marker that has been
most widely investigated and most frequently used in CAP.
In severe sepsis and septic shock patients, PCT values on
admission have better prognostic utility than other inflam-
matory markers such as CRP [19]. In our study neither PCT
nor CRP was adequate to differentiate between different
severities of CAP, as defined by PSI or CURB65, and risk
of death. These results coincide with other studies which
have shown the limited accuracy of PCT in predicting mor-
tality risk in different infections including CAP, when used
as a stand-alone test [20-23].

Table 1: Baseline characteristics of the study population.

Overall population Survivors Non-survivors P value

n =49 n =32 n=17
Age (years) 594 +13.4 58.5+14.3 61.0 £12.0 0.55
Male sex, n (%) 33 (67.3) 23 (71.8) 10 (58.8) 0.52
Immunosuppression, n (%) 12 (24.5) 11 (34.3) 14 (82.3) <0.01
Comorbidities, n (%) 32 (65.3) 18 (56.2) 14 (82.3) 0.11
COPD 16 (32.6) 7(21.8) 9 (52.9) 0.05
Hypertension 15 (30.6) 12 (37.5) 3(17.6) 0.21
Chronic heart failure 3(6.1) 2(6.2) 1(5.8) 1.00
Diabetes 10 (20.4) 7 (22.5) 3(17.6) 1.00
Chronic renal failure 2(4.0) 2(6.2) 0(0) 0.56
Cancer 10 (20.4) 5(15.6) 5(29.4) 0.22
Septic shock, n (%) 36 (73.5) 21 (65.6) 15 (88.2) 0.99
Scores:
Apache Il 205+6.8 18.3+56 265+6.2 <0.01
SOFA 8722 8.1+20 10.3+1.7 <0.01
PSI 126.7+41.9 114.3+£35.9 150.0+43.5 <0.01
CURB 65, n (%): 0.18
2 10 (20.4) 9(28.1) 1(5.8)
3 26 (53.1) 15 (46.8) 11 (64.7)
4 10 (20.4) 7 (21.8) 3(17.6)
5 3(6.1) 1(3.1) 2 (28.5)
PSI Risk Class, n (%): 0.03
Il 4(8.2) 3(9.3) 1(5.8)
1]l 7 (14.3) 5(15.6) 2(11.7)
v 17 (34.7) 15 (46.8) 2(11.7)
\% 21 (42.9) 9(28.1) 12 (70.5)
Mechanical ventilation, n (%) 25 (51.0) 11 (34.3) 14 (82.3) <0.01
ARDS, n (%) 28 (57.1) 14 (43.7) 14 (82.3) 0.01
Renal failure, n (%) 27 (55.1) 21 (65.6) 6 (35.2) 0.07
SvcO, (%) 67.4+124 66.2 £ 11.8 69.7 £ 13.5 0.35
Lactate (mg/dl) 27.9+18.2 25.7£18.1 31.7+£18.2 0.28
Biomarkers:
PCT (ng/ml) 10.0 (3.8-6.2) 13.2 (5.6-29.2) 6.0 (3.1-19.0) 0.69
CRP (mg/dl) 24.0 (13.7-31.6) 25.2 (14.2-32.7) 19.9 (12.6-27.8) 0.59
Pro-ADM (nmol/L) 2.4 (1.4-5.6) 1.7 (1.3-3.1) 5.0 (1.9-10.1) <0.01
Table 2: Biomarker levels and CAP severity scores.

‘ ProADM ‘ Procalcitonin ‘ C-reactive protein

PSI Risk class
Il 1.0 (0.5-2.1) 14.4 (4.1-21.8) 28.8 (16.8-37.8)
1] 1.3 (1.3-2.0) 6.0 (0.7-15.7) 23.9 (7.5-38.6)
I\ 1.7 (1.5-4.3) 10.0 (4.2-22.6) 16.2 (13.5-29.6)
\% 5.0 (2.4-10.5) 13.0 (3.8-41.2) 25.0 (13.1-32.1)
P value 0.02 0.12 0.73
CURB 65 group
1 1.4 (1.1-1.9) 10.4 (4.6-28.0) 25.3 (12.7-32.4)
2 2.6 (1.5-4.7) 11.1 (5.6-23.5) 25.1 (14.5-37.5)
3 5.6 (2.0-10.1) 9.5 (2.8-36.8) 19.9 (12.5-28.8)
P value 0.03 0.73 0.70
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With regard to proADM there is growing knowledge of the
potential role of this vasoactive pro-hormone in patients
with CAP, and several studies suggest that proADM is a
strong predictor for adverse outcome, probably better than
scores and commonly used biomarkers. Recently Albrich et
al. demonstrated in two different studies focused on emer-
gency department patients with lower respiratory tract in-
fections how the prognostic ability of proADM was high-
er than severity scores, and also how its addition to the
scores improved the triage decisions, allowing better man-
agement of resources without adverse effects [24, 25]. Four
other studies have evaluated its prognostic value in CAP,
and in each and every one of them proADM also turned
out to be better than commonly used biomarkers, PCT
and CRP [10, 11, 26, 27]. All of them included only pa-
tients admitted to the emergency department, and to the
best of our knowledge this is the first study focused only
on ICU. In the study of Kriiger et al., proADM was the
one which performed best in predicting survival of CAP
patients compared with the other six different cardiovascu-
lar and inflammatory biomarkers [26]. Similarly, Schuetz’s
group evaluated the prognostic capacity of 5 prohormones
(proADM, endothelin-1, atrial-natriuretic peptide, copept-
in, and procalcitonin) in patients with lower respiratory
tract infections and CAP. In their experience, while PSI and
CURBG65 overestimated the observed mortality, proADM
alone had stronger discriminatory power than both scores
to predict serious complications, and the inclusion of
proADM in addition to the PSI or CURB6S scores signi-
ficantly improved prediction accuracy [27]. In our study,
as previously mentioned, with an AUC of 0.72 (compar-
able with the 0.74 of PSI), proADM was shown to be a
helpful prognostic tool in individual risk assessment. Like-
wise, in the study of Christ-Crain et al., proADM levels on
admission to the emergency department may predict out-
come with a similar prognostic accuracy to the PSI score
[11]. Our results are also comparable to those presented by
Huang et al. in the larger published study on the use of
proADM in CAP [10]. In 1,653 patients (546 in PSI class
IV/V), they observed an optimal correlation of proADM
levels with increasing severity of illness and death. Our
study, while clearly more limited in scale, may be said to
include a sicker population, as indicated by higher mor-
tality rates similar to other studies focused on these critic-
ally ill patients [28]. Unfortunately our end points differed
from theirs (30-day vs. hospital mortality) and also the lack
of systemic severity scores in their study makes this com-
parison unfeasible. It is also important to emphasise that
proADM levels in our population were significantly high-
er than those observed in all studies focused on CAP and
other respiratory tract infections, and similar to those in-
cluding only septic shock patients [16, 29]. This prompts us
to question whether a specific cut-off is necessary for this
group of patients.

Several limitations in our study need to be mentioned. The
first is that we conducted a single centre study. Second,
the generalisability of our findings is limited by the small
sample size. Third, the role of renal failure in pro-ADM
metabolism is not well known, and it is probable that im-
paired clearance of proADM in the kidney due to renal
failure may have influenced our results. This hypothesis

is supported by the results of the study by Christ-Crain et
al. However, our data exhibit only slightly higher levels of
proADM in the patients with renal dysfunction. Fourth, as
previously explained, this is the first study to be focused
exclusively on ICU patients with CAP, and for that reason
the moment of prognostic score calculation and biomarker
determination differs from the rest of the studies published
so far. This particular does not minimise the importance of
the results, but may render comparison with other studies
unfeasible. Fifth, we have only measured single proADM
and for this reason we do not know the potential value
of serially measured proADM in detecting worst evolution
and guiding care.

Conclusions

In our study, focused on patients with CAP, proADM level
correlated with severity of illness and death. Our data sug-
gest that this biomarker could potentially be clinically use-
ful for prognosis in these patients, especially in mild/severe
cases.
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Figure 1

Distribution of proADM levels by PSI class.
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Figure 2
Distribution of PCT levels by PSI class.
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Figure 3
Distribution of CRP levels by PSI class.
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Figure 4

ROC curve analysis of PSI+ProADM on predicting hospital mortality.
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