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Significance of the Study

• This study evaluated the utility of preoperative midregional pro-adrenomedullin and high-sensitivity 
troponin T for improved detection of patients at high risk for perioperative cardiac events and mortal-
ity after major noncardiac surgery. Compared to high-sensitivity troponin T, midregional pro-adre-
nomedullin was more effective as a predictor of perioperative cardiovascular complications.

DOI: 10.1159/000488197
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Abstract
Objective: We evaluated the utility of preoperative midre-
gional (MR) pro-adrenomedullin (proADM) and cardiac tro-
ponin T (TnT) for improved detection of patients at high risk 
for perioperative cardiac events and mortality after major 
noncardiac surgery. Subjects and Methods: This prospec-
tive, single-center, observational study enrolled 79 patients 
undergoing major noncardiac surgery. After initial clinical 
assessment (clinical history, physical examination, echocar-

diogram, blood tests, and chest X-ray), MR-proADM and 
high-sensitivity TnT (hsTnT) were measured within 48 h prior 
to surgery by immunoluminometric and electrochemilumi-
nescence immunoassay. Patients were followed by the con-
sulting physician until discharge or up to 14 days in the hos-
pital after surgery. Perioperative cardiac events included 
myocardial infarction and development or aggravation of 
congestive heart failure. Data were compared between pa-
tients who developed target events and event-free patients. 
Results: Within 14 days of monitoring, 14 patients (17.72%) 
developed target events: 9 (11.39%) died and 5 (6.33%) de-
veloped cardiovascular events. The average age of the pa-
tients was 71.29 ± 6.62 years (range: 55–87). Sex, age, and 
hsTnT did not significantly differ between groups. MR- 
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proADM concentration was higher in deceased patients (p = 
0.01). The upper quartile of MR-proADM was associated with 
a fatal outcome (66.7 vs. 20.0%, p < 0.01) and with cardiovas-
cular events (64.3 vs. 16.9%, p < 0.01). MR-proADM above the 
cutoff value (≥0.85) was associated with a fatal outcome 
(88.9 vs. 20.0%, p < 0.01) and cardiovascular events (71.4 vs. 
28.6%, p < 0.01); this association was not observed for hsTnT. 
Conclusion: Preoperative measurement of MR-proADM pro-
vides useful information for perioperative cardiac events in 
high-risk patients scheduled for noncardiac surgery.

© 2018 The Author(s) 
Published by S. Karger AG, Basel

Introduction

In 2014, the European Society of Cardiology (ESC) 
and the European Society of Anesthesiology (ESA) pro-
duced guidelines for preoperative cardiac risk assessment 
and perioperative cardiac management of noncardiac 
surgery patients [1]. Several different strategies were used 
to identify patients who were at risk of major postopera-
tive cardiovascular complications with preoperative risk 
assessment tools and, more recently, with the use of bio-
markers [2, 3]. Midregional (MR) pro-adrenomedullin 
(proADM), the MR precursor of adrenomedullin (ADM), 
is of interest because it is an indicator of the severity of 
cardiovascular disease [4, 5]. MR-proADM is a prime 
marker of global hemodynamic stress and cardiovascular 
dysfunction, and it is highly predictive of adverse out-
comes in patients with heart failure [6]. Levels of MR-
proADM indicate significant cardiovascular risk factors 
in elderly patients [7] and can predict mortality in the 
general population [8]. In modern practice, the most cur-
rently used biomarkers are cardiac troponin C, troponin 
I, and troponin T (TnT), because of their higher sensitiv-
ity and specificity compared with those of other biomark-
ers. Cardiac troponin I and TnT are proteins that are 
unique to the heart and are specific and sensitive bio-
markers of myocardial damage [9]. The objective of this 
study was to evaluate the utility of preoperative MR-pro-
ADM and cardiac TnT for improved detection of patients 
at high risk for perioperative cardiac events and all-cause 
mortality after major noncardiac surgery.

Subjects and Methods

In this prospective, single-center, observational study, 90 pa-
tients undergoing major noncardiac surgery were recruited in 
2013 at surgical clinics in the Clinical Center Nis, Serbia. The  

inclusion criteria were major noncardiac surgery (abdominal,  
thoracic, orthopedic, and vascular surgery), general anesthesia,  
age > 55 years and at least one of the following cardiovascular risk 
factors: diabetes mellitus, hypertension, hyperlipidemia, active 
smoking, or a family history of cardiac disease. Exclusion criteria 
were emergency surgery; the inability to understand or sign an in-
formed consent, and the lack of measurable levels of preoperative 
plasma MR-proADM (6 patients) and preoperative levels of high-
sensitivity TnT (hsTnT) (4 patients); 1 patient was lost as a result 
of surgery cancellation. In total, 79 patients were enrolled in the 
final analysis. Within the 14-day monitoring period, 14 patients 
developed a target event, and 65 were event free. The patients were 
also divided into groups of deceased patients (9 patients) and sur-
vivors (70 patients).

The Biomedical Ethics Committee of the Medical School (Uni-
versity of Nis) approved the study. Written informed consent was 
obtained from all participating patients. The study was carried out 
according to the principles of the Declaration of Helsinki.

Anesthetic management, perioperative care, and intensive care 
unit referral were provided at the discretion of the attending phy-
sicians. The attending clinicians were not blinded to the values of 
MR-proADM or hsTnT. The subjects were classified according to 
the physical status classification of the American Society of Anes-
thesiologists (ASA) [10]; the New York Heart Association (NYHA) 
classification [11] was recorded for each subject. During the peri-
operative period, adverse cardiac events, including the develop-
ment or aggravation of congestive heart failure and acute myocar-
dial infarction, as well as all-cause mortality within 14 days of sur-
gery, were recorded. Peri- or postoperative myocardial infarction 
was diagnosed based on the universal definition of myocardial in-
farction [9]. To confirm the absence of myocardial damage, tropo-
nin was regularly assessed and electrocardiography or echocar-
diography was performed. The primary outcome was all-cause 
mortality, and secondary outcomes were defined as single or com-
bined cardiovascular events during the perioperative period. The 
initial clinical assessment of patients included clinical history, 
physical examination, echocardiogram, blood tests, pulse oxime-
try, and chest X-ray. The follow-up period after surgery lasted un-
til discharge or up to 14 days in the hospital. Blood samples were 
taken within 48 h prior to surgery from the antecubital vein and 
stored in serum Vacutainer tubes without additives. After centri-
fugation, the serum was separated and frozen at −70  ° C until anal-
ysis. Cardiac hsTnT was measured in the serum specimens using 
a newly developed high-sensitive electrochemiluminescence im-
munoassay (hsTnT) on a Cobas e411 analyzer (Roche Diagnostics 
GmbH, Mannheim, Germany) according to the recommendations 
of the manufacturer (expressed as ng/L). MR-proADM (expressed 
as nmol/L) was detected in serum with a “sandwich” immunolu-
minometric assay (MR-proADM; Brahms AG, Hennigsdorf, Ger-
many).

Statistical Analyses
Statistical analyses were done with the Statistical Package for 

the Social Sciences (SPSS 16.0 for Windows; SPSS Inc., Chicago, 
IL, USA). All data are presented as means and standard deviations, 
medians, and interquartile ranges, or percentages. Comparisons 
between surviving and deceased patients, and patients with and 
without any cardiovascular event were made using the Student t, 
Mann-Whitney, or χ2 tests. Receiver-operating characteristic 
(ROC) curve analysis was done to determine the optimal threshold 
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with a maximum combination of specificity and sensitivity in pre-
dicting mortality. Survival curves were estimated by the Kaplan-
Meier method; the differences were assessed with the log-rank test. 
Differences in the proportions of patients in the upper quartile 
ranges for MR-proADM and hsTnT between defined groups were 
analyzed by χ2 test. A value of p < 0.05 was considered statistically 
significant. 

Results

During monitoring, 14 (17.72%) patients developed  
a target event, and 65 (82.28%) were event free. In 9  
patients, the outcome was death (11.39%); 70 patients 
(88.61%) survived. 

Mortality
The mean age of the patients was 71.29 ± 6.62 years 

(range: 55–87), with no difference between the deceased 
and survivor groups. The incidence of hypertension was 
higher in patients who survived (82.90%) than in those 
who died (44.40%, p = 0.03). The incidence of abdominal 
surgery was significantly more frequent in patients who 
died (100.0 vs. 57.1%, p = 0.01); thus, all deceased patients 
underwent this type of surgery. The incidence of anti-
platelet treatment was statistically higher in deceased pa-
tients than in those who survived (66.7 vs. 14.3%, p < 0.01) 
(data not shown). NYHA class III–IV was significantly 
more frequent in deceased than in surviving patients 
(55.6 vs. 10.0%, p < 0.001). The other demographic and 

Table 1. Demographic and clinical characteristics in relation to death rate and occurrence of cardiovascular events

Parameter Deceased
(n = 9)

Survivors
(n = 70)

p 
value

CV event
(n = 14)

Other
(n = 65)

p 
value

Males/females, n 6/3 35/35 0.346† 8/6 33/32 0.62†

Mean age (±SD), years 75.67±6.67 70.97±6.79 0.075‡ 70.86±7.911 71.21±6.26 0.88‡

Prior myocardial infarction 0 1 (1.40) 0.89# 0 1 (1.50) 0.82#

Prior PCI 0 2 (2.90) 0.78# 0 2 (3.00) 0.68#

Atrial fibrillation 1 (11.10) 9 (12.90) 0.88# 3 (21.40) 7 (10.7) 0.368#

Prior CV event 0 5 (7.10) 0.92# 1 (7.10) 4 (6.20) 0.63#

Peripheral arterial disease 0 1 (1,40) 0.89# 1 (7.10) 0 0.17#

Hypertension 4 (44.40) 58 (82.90) 0.03# 13 (92.90) 50 (76.90) 0.29†

Diabetes mellitus 0 23 (32.90) 0.099# 7 (50.00) 16 (24.60) 0.11†

FH of cardiac disease 7 (77.80) 35 (50.00) 0.22† 9 (64.30) 34 (52.30) 0.56†

Creatinine (mean ± SD) 83.77±12.76 91.29±26.09 0.27ǁ 110.83±24.14 85.87±22.98 0.001ǁ
Type of surgery

Orthopedic 0 25 (35.70) 0,051# 4 (28.60) 20 (30.80) 1.000#

Thoracic 0 4 (5.70) 0.908# 3 (21.40) 1 (1.50) 0.016#

Abdominal 9 (100.00) 40 (57.10) 0.011 7 (50.00) 43 (65.30) 0.365
Other 0 1 (1.40) 1.000 0 1 (1.50) 1.000

NYHA 
Class I–II 4 (44.40) 63 (90.00) 0.001† 12 (85.70) 55 (84.60) 0.934†

Class III–IV 5 (55.60) 7 (10.00) 2 (14.30) 10 (15.40)
ASA classification

II 5 (62.50) 43 (61.40 0.084† 5 (38.50) 42 (64.60) 0.132†

III 2 (25.00) 27 (38.60) 8 (61.50) 21 (32.30)
IV 1 (12.50) 0 0 1 (1.50)

Acute heart failure 0 2 (2.85) 0.78# – – –
Pulmonary edema 0 3 (4.28) 0.62#

New atrial fibrillation 0 2 (2.85) 0.78#

MR-proADM (mean ± SD) 1.31±1.23 0.74±0.50ǁ 0.01 1.34±1.02 0.67±0.43 <0.001ǁ
hsTnT (mean ± SD) 15.02±19.13 9.96±17.92ǁ 0.21 12.78±14.62 9.90±18.43 0.04ǁ

Numbers (%) are shown unless indicated otherwise. PCI, percutaneous coronary intervention; CV, cardiovascular; FH, family 
history; MR-proADM, midregional pro-adrenomedullin; hsTnT, high-sensitivity troponin T; NYHA, New York Heart Association; 
ASA, American Society of Anesthesiologists. † χ2 test; ‡ t test; ǁ Mann-Whitney test; # Fisher exact test.
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clinical parameters did not significantly differ between 
the study groups (Table 1).

The concentration of MR-proADM was significantly 
higher in deceased than in surviving patients (1.31 ± 1.23 
vs. 0.74 ± 0.50 nmol/L, p = 0.01). hsTnT levels did not 
significantly differ between the study groups (15.02 ± 
19.13 vs. 9.96 ± 17.92 ng/L, p = 0.21). 

The discriminatory potential for death outcome was 
higher for MR-proADM (AUC = 0.77, p = 0.01) than 
hsTnT. The calculated cutoff value was 0.85, with a sen-
sitivity of 87.50% (Fig. 1) and a specificity of 79.40%. For 
hsTnT, the calculated cutoff value was 7.50, with a sensi-
tivity of 62.50% and a specificity of 64.70. The AUC for 
hsTnT was 0.64 (p = 0.21).

From the cutoff value determined in the ROC analysis, 
groups were formed in relation to the concentrations of 
MR-proADM (≥0.85) and hsTnT (≥7.50). Patients with 
MR-proADM values > 0.85 had a significantly shorter 
survival rate than did patients with lower values (median 
survival [SE]: 29.54 [0.45] vs. 23.59 [2.06], p < 0.001; 
Fig. 2). hsTnT levels did not affect the survival rate (p = 
0.25). The upper quartile of age and hsTnT was not asso-
ciated with a fatal outcome (Table 2). The upper quartile 
of MR-proADM was significantly associated with a fatal 
outcome (88.9 vs. 20.0%, p < 0.01) and cardiovascular 
events (71.4 vs. 28.6%, p < 0.01). hsTnT level above the 
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Fig. 1. ROC curve for midregional pro-adrenomedullin (MR- 
proADM) and high-sensitivity troponin T (hsTnT).

Fig. 2. Kaplan-Meier survival rate curve in relation to the values of 
midregional pro-adrenomedullin (MR-proADM; cutoff: 0.85).

Fig. 3. Kaplan-Meier survival rate curve in relation to the values of 
high-sensitivity troponin T (hsTnT; cutoff: 7.50).
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cutoff was neither significantly associated with a fatal  
outcome (p = 0.38) nor with cardiovascular events (p = 
0.11; Fig. 3).

Target Events
Creatinine levels were higher in patients with any car-

diovascular event than in the event-free group (110.83 ± 
24.14 vs. 85.87 ± 22.98 µmol/L, p = 0.001). Thoracic sur-
gery was performed more frequently in patients with car-
diovascular events (21.4 vs. 1.5%, p = 0.01). The values of 
the other biochemical and clinical parameters did not sig-
nificantly differ in relation to the occurrence of any car-
diovascular event (Table 1). All of the patients who died 
were in the intensive care unit. The patients who died were 
significantly more often admitted to intensive care units 
(Fisher test: p = 0.034). The deceased patients spent on 
average more days in the intensive care unit than the sur-
viving patients (5.29 ± 3.65 days vs. 2.21 ±1.75, p = 0.003).

Discussion

Our study showed that MR-proADM was a better pa-
rameter than hsTnT in identifying subgroups of patients 
who are at an extremely high risk for peri- or postopera-
tive adverse cardiac events and all-cause mortality. We 
suggest that the use of MR-proADM in risk stratification 
could identify high-risk patients who might benefit from 
risk reduction strategies. 

The total high perioperative mortality of 11.39% and 
cardiovascular morbidity of 6.33% in this study can part-
ly be explained by the facts that the patients included in 
our study were elderly (71.29 ± 6.62 years), that the study 
group was relatively small, that there was a great number 
of comorbidities, and that extensive noncardiac surgeries 
carry a particularly high risk. All deceased patients were 
over 65 years old (75.67 ± 6.67). All of the patients who 
died were subjected to abdominal (100%), mostly radical, 

Table 2. Interquartile analysis according to age, midregional pro-adrenomedullin (MR-proADM), and high-sensitivity troponin T 
(hsTnT) values

Parameter Deceased Survived p CV events Others p (χ2)

Age
Upper quartile (≥77.0) 4 (44.4) 15 (21.4) 0.26 5 (35.7) 14 (21.5)† 0.43
Others 5 (55.6) 55 (78.6) 9 (64.3) 51 (78.5)

MR-proADM
Upper quartile 6 (66.7) 14 (20.0) <0.01 9 (64.3) 11 (16.9) <0.01
Others 3 (33.3) 56 (80.0) 6 (35.7) 54 (83.1)

hsTNT
Upper quartile (≥10.8) 4 (44.4) 15 (21.4) 0.26 6 (42.9) 13 (20.0) 0.14
Others 5 (55.6) 55 (78.6) 8 (57.1) 52 (80.0)

MR-proADM
<0.85 1 (11.1) 56 (80.0) <0.01 4 (28.6) 55 (84.6) <0.01
≥0.85 8 (88.9) 14 (20.0) 10 (71.4) 10 (15.4)

hsTNT
<7.5 4 (44.4) 24 (34.3) 0.38 6 (42.9) 45 (69.3) 0.11
≥7.5 5 (55.6) 46 (65.7) 8 (57.1) 20 (30.7)

MR-proADM
PPV

95% CI
0.301 

0.18–0.45
0.362 
0.25–0.49

0.451 
0.29–0.62

0.502 

0.34–0.66
NPV

95% CI
0.95 
0.88–0.98

0.98 
89.8–99.7

0.90
0.83–0.94

0.93
0.86–0.96

hsTNT
PPV

95% CI
0.21
0.10–0.38

0.10
0.06–0.17

0.32
0.18–0.50

0.29
0.18–0.42

NPV 
95% CI

0.92
0.86–0.95

0.86 
0.73–0.93

0.87
0.80–0.91

0.88
0.80–0.93

Numbers of patients (%) are shown except for positive (PPV) and negative predictive values (NPV). CV, cardiovascular. 
1 PPV and NPV were calculated based on upper quartiles of MR-proADM and hsTnT, respectively.
2 PPV and NPV were calculated based on specific values of MR-proADM (≥0.85) and hs TnT (≥7.5), respectively.
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resections. The facts that the incidence and mortality 
rates of malignancy have increased since 1999 and that 
the mortality rate in the population older than 65 years is 
significantly higher than that observed in other countries 
of Europe may further explain the high mortality rate 
found here [12]. In older patients who live in rural parts 
of the country, have low monthly earnings, and/or are 
detached from family members, access to the health care 
network requires more efforts. These were the main rea-
sons for establishing a 14-day follow-up and a routine 
postoperative physical examination that was conducted 
after 2 weeks by surgeons [13]. Unlike developed coun-
tries, our patients were diagnosed with a higher stage of 
disease during the nonexistence of organized national 
screening at the time of this research, with an insolvent 
health care system and low health care consumption per 
capita [14, 15]. 

Over the last decade, numerous studies have increased 
our knowledge on the role of biomarkers as predictors of 
mortality and cardiovascular morbidity in noncardiac 
surgery [16–19]. MR-proADM was identified as a novel 
predictor of mortality in surgical patients [20]. Risk pre-
diction was further improved by combined biomarker 
analysis [2]. Several studies have examined the prognostic 
utility of MR-proADM in nonsurgical patients [21–23]. 
Recent studies have confirmed the use of hsTnT for the 
risk stratification of patients undergoing noncardiac sur-
geries [24, 25]. We did not observe an association of pre-
operative values of hsTnT and short-term mortality, as 
reported by Devereaux et al. [26] who concluded that an 
association exists between peak levels of postoperative 
hsTnT and 30-day mortality. We suggest that it was an 
impact of surgical stress response mechanisms. MR-pro-
ADM has better discriminatory potential than hsTnT, 
and because it is strongly associated, it could be used as a 
predictor of perioperative death and cardiovascular 
events in our study. 

Assuming that all deceased patients underwent ab-
dominal surgery and that patients who underwent tho-
racic surgery developed cardiovascular events more fre-
quently, with all of them having high MR-proADM, it 
could be considered a marker independent of the under-
lying pathological process. This is most likely related to 
its response to different systemic cellular and metabolic 
damage. Earlier studies focused on a role of MR-proADM 
and hsTnT in heart diseases. There is an association be-
tween TnT levels in malignant patients without cardiac 
diseases and adverse mortality [27, 28]. MR-proADM, 
which is secreted by malignant cells [29], and hsTnT were 
shown to be independent predictors of mortality in a het-

erogenic group of oncological patients prior to induction 
of anticancer therapy [30]. The same study demonstrated 
a relationship among MR-proADM, the proinflamma-
tory cytokine IL-6, and the inflammatory marker C-reac-
tive protein. This presents a possible explanation for its 
good prognostic value in patients with different surgical 
treatments and pathological conditions.

Conclusion

Patients at high risk for perioperative adverse cardio-
vascular events and all-cause mortality can be identified 
by a single preoperative measurement of MR-proADM. 
We conclude that preoperative MR-proADM was strong-
ly associated with mortality and adverse outcomes in this 
group of surgical patients. The advantages of this method 
include that it is noninvasive, objective, and rapid. In ad-
dition, it provides more reliable and prompt information 
to physicians regarding clinical risk factors than the mea-
surement of hsTnT. Since this was a single-center study, 
further research in a larger cohort of patients is needed to 
make clinically applicable conclusions.
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