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  Pref ace   

 Biomarkers now play an integral role in the treatment and management of patients 
with congestive heart failure and acute ischemic heart disease because of the impor-
tant information the values provide. All of us in the fi eld are terribly interested in 
how to optimally use these biomarkers and particularly to understand when values 
provide actionable information. However, extrapolating a large compendium of 
information to the average clinician is diffi cult because many do not have the under-
lying basic science, laboratory, and/or clinical expertise about the use of these 
markers. 

 Accordingly, it seemed to us that there was a need to develop a case-based com-
pendium of learning. For that reason, we asked our most knowledgeable colleagues 
to help us generate a book that hopefully comprehensively informs clinicians about 
how to optimally deploy the major clinically utilized biomarkers in a case-based 
manner. From scrutinizing the chapters, it appears we have succeeded. We hope you 
will enjoy and learn from the case studies as much as we have.  

    La Jolla ,  CA ,  USA      Alan     S.     Maisel  ,   MD    
   Rochester ,  MN ,  USA      Allan     S.     Jaffe  ,   MD       



ix

  Acknowledgments  

 I would fi rst like to acknowledge the now deceased Dr. Ralph Shabetai, who, as my 
fi rst cardiology section chief, taught me the fi ne balance with the art and science of 
medicine. Never have I met a more selfl ess and giving man than Ralph. Second, I 
would like to thank my laboratory personnel, without whose help and support over 
these many years I would never have been half as productive as I have been. A spe-
cial thanks to my lab director, Stever Carter, for 30 years of unwavering loyalty. I 
would be remiss if I did not thank my fi ve children, who remind me on a daily basis 
why I inhabit the earth. Finally, my wife, Fran, thank you for putting up with long 
hours, extensive travel, and a crazy sense of humor. 

 Alan S. Maisel, MD  



xi

   Contents 

   Part I Ischemic Heart Disease       

    1      Pre-analytical Factors and Analytical Issues Affecting 
Interpretation of Cardiovascular Biomarkers . . . . . . . . . . . . . . . . . . . . .   3   
    Amy   K.   Saenger    

     2      Troponin Basics for Clinicians . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   17   
    Yader   Sandoval     and     Fred   S.   Apple    

     3      Unique Aspects of High Sensitivity Assays: What Are They, 
Why Do We Need Them, and How Do We Use Them? . . . . . . . . . . . . .   31   
    Paul   Ormandy   Collinson    

     4      Evaluation of Patients Presenting with Chest Pain in the 
Emergency Department: Where Do Troponins Fit In? . . . . . . . . . . . . .   41   
    Martin   Paul   Than     and     Louise   Cullen    

     5      Using Cardiac Troponins in Patients with Acute 
Myocardial Infarction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   57   
    Johannes   Mair     and     Kristian   Thygesen    

     6      What Is a Type 2 Myocardial Infarction: How Is It Recognized 
and What Should One Do to Establish That Diagnosis? . . . . . . . . . . . .   69   
    Joseph   S.   Alpert     and     Allan   S.   Jaffe    

     7      Use of Cardiac Troponin in Patients with Heart Failure  . . . . . . . . . . .   79   
    Wayne   L.   Miller    

     8      Elevated cTn in Other Acute Situations Such as Atrial 
Fibrillation, Sepsis, Respiratory Failure, and 
Gastrointestinal Bleeding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   93   
    Evangelos   Giannitsis     and     Hugo   A.   Katus    

     9      Use of cTn for Detection of More Chronic Disease States . . . . . . . . . .   111   
    Ravi   H.   Parikh     and     Christopher   R.   deFilippi    



xii

     10      Use of High-Sensitive cTn Assays for the Evaluation of Patients 
Potentially at Risk for Cardiovascular Disease  . . . . . . . . . . . . . . . . . .   123   
    Kai   M.   Eggers     and     Per   Venge    

     11      Other Biomarkers in Acute Coronary Syndrome . . . . . . . . . . . . . . . .   135   
    Roxana   Ghashghaei     and     Nicholas   Marston    

     12      Newer Lipid Markers: Apolipoprotein B, LDL Particle 
Concentration, and Triglyceride-Rich Lipoproteins – 
When Are They Needed? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   145   
    Renato   Quispe    ,     Seth   S.   Martin    , and     Steven   R.   Jones     

   Part II Heart Failure      

     13      Natriuretic Peptides: Physiology for the Clinician. . . . . . . . . . . . . . . .   161   
    Siu-Hin   Wan     and     Horng   H.   Chen    

     14      Natriuretic Peptides: Basic Analytic Considerations  . . . . . . . . . . . . .   173   
    Alan   H.   B.   Wu    

     15      Natriuretic Peptide Use in Screening in the Community  . . . . . . . . . .   181   
    Noel   S.   Lee     and     Lori   B.   Daniels    

     16      Natriuretic Peptide Use in the Emergency Department  . . . . . . . . . . .   195   
    W.   Frank   Peacock     and     Salvator   DiSomma    

     17      Heart Failure: Natriuretic Peptide Use in the Hospital . . . . . . . . . . . .   207   
    Kevin   Shah     and     James   Iwaz    

     18      Natriuretic Peptide Guided Therapy in Outpatient Heart 
Failure Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   215   
    Matthew   N.   Peters     and     Christopher   R.   deFilippi    

     19      Caveats Using Natriuretic Peptide Levels . . . . . . . . . . . . . . . . . . . . . . .   227   
    Trenton   M.   Gluck    ,     Kevin   Shah    , and     Alan   S.   Maisel    

     20      Gaps in Our Biomarker Armamentarium: What Novel 
Biomarkers Might Be Synergistic in Patients with 
Acute Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   237   
    Bertil   Lindahl    

     21      Biomarkers in Heart Failure: ST2. . . . . . . . . . . . . . . . . . . . . . . . . . . . .   251   
    Antoni   Bayes-Genis     and     Josep   Lupón    

     22      Biomarkers in Heart Failure: Procalcitonin . . . . . . . . . . . . . . . . . . . . .   269   
    Martin   Möckel     and     Julia   Searle    

     23      Novel Biomarkers in Heart Failure: Adrenomedullin 
and Proenkephalin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   285   
    Daniel   Chan     and     Leong   Ng    

Contents



xiii

     24      Biomarkers in Specific Disease States: Cardio-Oncology . . . . . . . . . .   297   
    Ugochukwu   O.   Egolum     and     Daniel   J.   Lenihan    

     25      Biomarkers of Sarcopenia and Mitochondrial Dysfunction . . . . . . . .   317   
    Boris   Arbit    ,     Elizabeth   Lee    , and     Pam   R.   Taub    

     26      Biomarkers in Arrhythmias, Sudden Death, and 
Device Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   329   
    David   E.   Krummen     and     Lori   B.   Daniels    

     27      Biomarkers in Cardio-Renal Dysfunction  . . . . . . . . . . . . . . . . . . . . . .   345   
    Nicholas   Phreaner    ,     Alex   Pearce    , and     Alan   S.   Maisel    

     28      Biomarkers in Heart Failure with Preserved Ejection 
Fraction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   357   
    Robert   Colbert    ,     Rohit   Mital    , and     Nicholas   Marston     

        Index     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   367 

Contents



xv

  Contributors 

     Joseph     S.     Alpert  ,   MD       Department of Medicine, Sarver Heart Center ,  University 
of Arizona College of Medicine  ,  Tucson ,  AZ ,  USA   

  Mayo Clinic  ,  Rochester ,  MN ,  USA     

      Fred     S.     Apple  ,   PhD       Clinical Laboratories ,  Hennepin County Medical Center  , 
 Minneapolis ,  MN ,  USA   

  Department of Laboratory Medicine and Pathology ,  University of Minnesota  , 
 Minneapolis ,  MN ,  USA     

      Boris     Arbit  ,   MD       Division of Cardiovascular Medicine, Department of Medicine , 
 University of California, San Diego  ,  La Jolla ,  CA ,  USA     

      Antoni     Bayes-Genis  ,   MD, PhD       Department of Cardiology, Heart Failure Unit , 
 Heart Institute, Hospital Universitari Germans Trias i Pujol  ,  Badalona, Barcelona , 
 Spain   

  Hospital Universitari Germans Trias i Pujol  ,  Badalona ,  Spain     

      Daniel     Chan  ,   BMedSci, BMBS       Department of Cardiovascular Sciences ,  University 
of Leicester  ,  Leicester ,  UK   

  NIHR Leicester Cardiovascular Biomedical Research Unit ,  Glenfi eld Hospital  , 
 Leicester ,  UK     

      Horng     H.     Chen  ,   MB, BCh       Division of Cardiovascular Diseases, Department of 
Internal Medicine ,  Mayo Clinic and Foundation  ,  Rochester ,  MN ,  USA     

      Robert     Colbert  ,   BS       University of Minnesota Medical School  ,  Minneapolis ,  MN , 
 USA     

      Paul     Ormandy     Collinson  ,   MA, MB, BChir, FRCPath, MD       Clinical Blood 
Sciences and Cardiology ,  St George’s Hospital and Medical School  ,  London ,  UK     

      Louise     Cullen  ,   MB, BS       Department of Emergency Medicine ,  Royal Brisbane and 
Women’s Hospital  ,  Herston ,  QLD ,  Australia     



xvi

      Lori     B.     Daniels  ,   MD, MAS       Division of Cardiovascular Medicine ,  University of 
California  ,  San Diego ,  CA ,  USA     

      Christopher     R.     deFilippi  ,   MD       Department of Medicine ,  University of Maryland 
School of Medicine, Maryland Heart Center University of Maryland Medical 
Center  ,  Baltimore ,  MD ,  USA     

      Salvator     DiSomma  ,   MD, PhD       Department of Internal Medicine, Emergency 
Medicine ,  San Andrea Hospital  ,  San Andrea ,  CA ,  USA   

  Department of Medical-Surgery Sciences and Translational Medicine ,  University 
Rome Sapienza  ,  Rome ,  Italy     

      Kai     M.     Eggers  ,   MD, PhD       Departments of Medical Sciences, Cardiology ,  Uppsala 
University Hospital and Uppsala University  ,  Uppsala ,  Sweden     

      Ugochukwu     O.     Egolum  ,   MD       Division of Cardiovascular Medicine ,  Vanderbilt 
University Medical Center  ,  Nashville ,  TN ,  USA     

      Roxana     Ghashghaei  ,   MD       Department of Internal Medicine ,  University of 
California San Diego Health System  ,  San Diego ,  CA ,  USA     

      Evangelos     Giannitsis  ,   MD       Department of Internal Medicine III, Cardiology , 
 University Hospital Heidelberg, Medizinische Klinik III  ,  Heidelberg ,  Germany     

      Trenton     M.     Gluck  ,   BS       Division of Cardiovascular Medicine, Department of 
Medicine ,  Veterans Affairs San Diego Healthcare System  ,  San Diego ,  CA ,  USA     

      James     Iwaz  ,   MD       Department of Internal Medicine ,  UCSD Medical Center  ,  San 
Diego ,  CA ,  USA     

      Allan     S.     Jaffe  ,   MD       Cardiology Department and Department of Laboratory 
Medicine and Pathology ,  Mayo Clinic  ,  Rochester ,  MN ,  USA     

      Steven     R.     Jones  ,   MD       Division of Cardiology ,  Johns Hopkins Hospital, The Johns 
Hopkins Ciccarone Center for the Prevention of Heart Disease  ,  Baltimore ,  MD , 
 USA     

      Hugo     A.     Katus  ,   MD       Department of Internal Medicine III, Cardiology ,  University 
Hospital Heidelberg, Medizinische Klinik III  ,  Heidelberg ,  Germany     

      David     E.     Krummen  ,   MD       Division of Cardiovascular Medicine ,  University of 
California San Diego  ,  San Diego ,  CA ,  USA   

  Division of Cardiovascular Medicine ,  VA San Diego Healthcare System  ,  San Diego , 
 CA ,  USA     

      Elizabeth     Lee       Division of Cardiovascular Medicine, Department of Medicine , 
 University of California, San Diego  ,  La Jolla ,  CA ,  USA     

      Noel     S.     Lee  ,   MD       Division of Cardiovascular Medicine, Department of Medicine , 
 Sulpizio Cardiovascular Center, University of California, San Diego  ,  La Jolla ,  CA ,  USA     

Contributors



xvii

      Daniel     J.     Lenihan  ,   MD       Division of Cardiovascular Medicine ,  Vanderbilt 
University Medical Center  ,  Nashville ,  TN ,  USA     

      Bertil     Lindahl  ,   MD, PhD       Uppsala Clinical Research Center and Department of 
Medical Sciences ,  Uppsala University Hospital  ,  Uppsala ,  Sweden     

      Josep     Lupón  ,   MD, PhD       Heart Failure Unit, Heart Institute ,  Hospital Universitari 
Germans Trias i Pujol  ,  Badalona ,  Spain   

  Department of Medicine ,  Universitat Autònoma de Barcelona  ,  Barcelona ,  Spain     

      Johannes     Mair  ,   MD       Department of Internal Medicine III – Cardiology and 
Angiology ,  Innsbruck Medical University  ,  Innsbruck ,  Austria     

      Alan     S.     Maisel  ,   MD, FACC       Division of Cardiovascular Medicine, Department of 
Medicine ,  University of California San Diego  ,  La Jolla ,  CA ,  USA   

  Department of Medicine, Coronary Care Unit and Heart Failure Program ,  Veterans 
Affairs San Diego Healthcare System  ,  San Diego ,  CA ,  USA     

      Nicholas     Marston  ,   MD       Department of Internal Medicine ,  UCSD Medical Center  , 
 San Diego ,  CA ,  USA     

      Seth     S.     Martin  ,   MD, MHS       The Johns Hopkins Ciccarone Center for the Prevention 
of Heart Disease  ,  Baltimore ,  MD ,  USA     

      Wayne     L.     Miller  ,   MD, PhD       Department of Cardiovascular Diseases ,  Mayo Clinic  , 
 Rochester ,  MN ,  USA     

      Rohit     Mital  ,   MD       Department of Internal Medicine ,  University of California, San 
Diego, Medical Center  ,  San Diego ,  CA ,  USA     

      M.     Möckel  ,   MD, PhD       Division of Emergency Medicine and Department of 
Cardiology ,  Campus Virchow Klinikum and Campus Charité Mitte, Charité – 
Universitätsmedizin  ,  Berlin ,  Germany     

      Leong     Ng  ,   MD       Department of Cardiovascular Sciences ,  University of Leicester  , 
 Leicester ,  UK   

  NIHR Leicester Cardiovascular Biomedical Research Unit ,  Glenfi eld Hospital  , 
 Leicester ,  UK     

      Ravi     H.     Parikh  ,   MD       Department of Medicine ,  University of Maryland School of 
Medicine  ,  Baltimore ,  MD ,  USA     

      W.     Frank     Peacock  ,   MD, FACEP       Department of Emergency Medicine ,  Baylor 
College of Medicine  ,  Houston ,  TX ,  USA   

  Ben Taub General Hospital  ,  Houston ,  TX ,  USA     

      Alex     Pearce  ,   BA       Department of Internal Medicine ,  University of California, San 
Diego  ,  San Diego ,  CA ,  USA     

      Matthew     N.     Peters  ,   MD       Department of Cardiovascular Medicine ,  University of 
Maryland Medical Center  ,  Baltimore ,  MD ,  USA     

Contributors



xviii

      Nicholas     Phreaner  ,   MD       Department of Internal Medicine ,  University of 
California, San Diego  ,  San Diego ,  CA ,  USA     

      Renato     Quispe  ,   MD       The Johns Hopkins Ciccarone Center for the Prevention of 
Heart Disease  ,  Baltimore ,  MD ,  USA     

      Amy     K.     Saenger  ,   PhD, DABCC       Department of Laboratory Medicine and 
Pathology ,  University of Minnesota  ,  Minneapolis ,  MN ,  USA     

      Yader     Sandoval  ,   MD       Division of Cardiology ,  Hennepin County Medical Center/
Abbott Northwestern Hospital  ,  Minneapolis ,  MN ,  USA     

      J.     Searle  ,   MD, MPH       Division of Emergency Medicine and Department of 
Cardiology ,  Campus Virchow Klinikum and Campus Charité Mitte, Charité – 
Universitätsmedizin  ,  Berlin ,  Germany     

      Kevin     Shah  ,   MD       Department of Internal Medicine ,  University of California San 
Diego  ,  San Diego ,  CA ,  USA     

      Pam     R.     Taub  ,   MD, FACC       Division of Cardiovascular Medicine, Department of 
Medicine ,  University of California, San Diego  ,  La Jolla ,  CA ,  USA     

      Martin     Paul     Than  ,   MB, BS       Emergency Department ,  Chirstchurch Hospital  , 
 Christchurch ,  New Zealand     

      Kristian     Thygesen  ,   MD, DSc, FACC       Department of Cardiology ,  Aarhus 
University Hospital  ,  Aarhus ,  Denmark     

      Per     Venge  ,   MD, PhD       Departments of Medical Sciences, Cardiology and Clinical 
Chemistry ,  Uppsala University Hospital and Uppsala University  ,  Uppsala ,  Sweden     

      Siu-Hin     Wan  ,   MD       Department of Internal Medicine, Division of Cardiovascular 
Diseases ,  Mayo Clinic and Foundation  ,  Rochester ,  MN ,  USA     

      Alan     H.  B.     Wu  ,   PhD       Department of Laboratory Medicine ,  University of California, 
San Francisco, San Francisco General Hospital  ,  San Francisco ,  CA ,  USA      

Contributors



   Part I 
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    Chapter 1   
 Pre-analytical Factors and Analytical Issues 
Affecting Interpretation of Cardiovascular 
Biomarkers                     

     Amy     K.     Saenger     

    Abstract     The Universal Defi nition of Myocardial Infarction globally endorses car-
diac troponin (T and I; cTnT, cTnI) as the biomarker of choice for the diagnosis and 
assessment of acute coronary syndrome (ACS) and should be utilized routinely in 
patients with symptoms suggestive of acute myocardial infarction (AMI) [1]. 
Despite the widespread use of troponin in clinical practice there remain a number of 
pre-analytical, analytical and interpretive issues which can confound clinical inter-
pretation and will likely be magnifi ed with high-sensitivity troponin assays. The 
following case studies and discussion highlight some of these issues and nuances 
associated with troponin assays.  

  Keywords     Troponin   •   High-sensitivity troponin   •   Myocardial infarction   •   Acute 
coronary syndrome   •   Chest pain   •   Biomarker   •   Hemolysis   •   Interferences   • 
  Heterophile   •   Antibody  

   The Universal Defi nition of Myocardial Infarction globally endorses cardiac 
 troponin (T and I; cTnT, cTnI) as the biomarker of choice for the diagnosis and 
assessment of acute coronary syndrome (ACS) and should be utilized routinely in 
patients with symptoms suggestive of acute myocardial infarction (AMI) [ 1 ]. 
Despite the widespread use of troponin in clinical practice there remain a number of 
pre- analytical, analytical and interpretive issues which can confound clinical inter-
pretation and are likely magnifi ed with high-sensitivity troponin assays. The follow-
ing case studies and discussion highlight some of these issues and nuances associated 
with troponin assays. 

        A.  K.   Saenger ,  PhD, DABCC      
  Department of Laboratory Medicine and Pathology ,  University of Minnesota , 
  Minneapolis ,  MN ,  USA   
 e-mail: saen0006@umn.edu  
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    Case 1 

 A 68-year-old African-American male presents to the emergency room with com-
plaints of indigestion, mild chest pain and shortness of breath. The onset of pain 
began approximately 4 h prior and would last intermittently for 15 min. He has no 
previous history of overt coronary heart disease but was overweight with a body 
mass index of 28 and new onset of mild hypertension. His initial electrocardiogram 
(ECG) shows mild T-wave fl attening in the lateral leads along with other non- 
specifi c changes. A cardiac chest pain protocol was ordered which included serial 
cardiac troponin testing. The baseline plasma cTnT was 0.04 ng/mL (99th percen-
tile: <0.01 ng/mL) and the patient was placed in the chest pain observation area 
where he was given nitroglycerin to assist with his chest and abdominal discomfort. 
Three hours later nursing staff in the emergency department drew another sample 
for cTnT testing. The laboratory called approximately 30 min later to inform ED 
staff that the 3-h sample was hemolyzed and recommended the patient be redrawn. 
There was insistence that the result be released and the technologist reported the 
3-h cTnT result of 0.02 ng/mL. The patient’s pain appeared to be resolving, his 
TIMI score was 1 and he was deemed low-risk and discharged. Ten hours post-
discharge his wife found him unconscious and called 911. She was able to rouse 
him and he was transported to the same emergency department via ambulance. 
Upon arrival it was noted that his ECG remained non-diagnostic but cTnT was now 
0.12 ng/mL. He was admitted for coronary catheterization and ultimately diag-
nosed with NSTEMI. Further investigation into the laboratory results reveal the 
patient’s fi rst cTnT specimen was deemed “mildly hemolyzed but acceptable” and 
the second cTnT specimen was “grossly hemolyzed” but released per physician 
request. 

    Discussion of Case 1 

 This scenario illustrates how pre-analytical variables such as hemolysis can drasti-
cally affect the analytical results and potentially result in serious patient safety risks. 
Reliability of the cTn measurement depends on the quality and integrity of the 
blood specimen collected, as with all analytes measured using central laboratory or 
point-of-care (POC) assays. Pre-analytical variables have signifi cant potential to 
confound cTn measurement and can produce falsely elevated or falsely decreased 
results. Serious risk exists if a rise and/or fall in cTn values is masked or falsely 
detected by the presence of interfering substances in patient specimens and can 
adversely impact medical decision-making and patient care. Understanding about 
the pre-analytical factors and interferences that can infl uence cTn measurements is 
critical in order to establish strategies to assure collection of quality specimens, 
prevent reporting erroneous results, and identify scenarios when cautious interpre-
tation of cTn results is warranted. 

A.K. Saenger
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 Hemolysis is defi ned as the breakdown of erythrocytes with subsequent release 
of intracellular contents and is a known interference of a majority of cTnI and cTnT 
immunoassays [ 2 – 4 ]. Specimens collected from patients in the Emergency 
Department have high rates (up to 20 %) of contamination due to hemolysis [ 5 ]. 
Hemolyzed specimens can cause either a positive or negative bias in troponin mea-
surements, and although the bias is assay-specifi c in general hemolysis causes false- 
negative results in cTnT assays and false-positives in cTnI assays (Fig.  1.1 ) [ 4 ]. 
Florkowski  et al.  illustrated that specimens with cTnT concentrations near the 99th 
percentile reference interval (<14 ng/L) exhibited up to a 50 % negative interference 
with increasing hemolysis in the Roche high-sensitivity cTnT (hs-cTnT) assay, 
whereas the Vitros ECi cTnI assay demonstrated a positive interference up to 576 % 
with increasing hemolysis [ 2 ]. The mechanism of hemolysis interference remains 
unclear; it has been suggested that the release of hemoglobin and proteases from 
erythrocytes upon lysis may cause interference with the detection method or anti- 
cTn antibody recognition of degraded cTn fragments [ 3 ,  6 ,  7 ]. Plasma specimens 
are also more sensitive to hemolysis compared to serum which is unfortunate since 
plasma is the primary specimen type used in the emergency room and critical care 
patient areas [ 8 ].

   The presence of hemolysis can be visually detected as a pink to red color when 
hemoglobin concentrations are > 0.2 g/dL [ 9 ]. However, visual examination of spec-
imen color is extremely subjective. Central laboratory analyzers are typically 
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 capable of performing automated spectrophotometric detection of hemoglobin to 
reliably detect hemolysis and aid in defi ning acceptable specimen rejection criteria. 
Unfortunately, there is no way to detect hemolysis in whole blood samples which is 
the primary specimen type used for POC cTn testing. Laboratories must implement 
acceptance/rejection criteria for hemolyzed specimens to assure accurate troponin 
results are reported, as well as monitor hemolysis rates originating from areas such 
as the emergency department where specimens are often not collected by phlebot-
omy staff.   

    Case 2 

 A 58-year-old Caucasian male with type 2 diabetes has been on hemodialysis for 
approximately a year and currently being evaluated for renal transplantation. He 
abruptly develops acute dyspnea and is unable to remain ambulatory without mild 
chest pain, therefore he is transported to the local emergency room. He denies a his-
tory of prior cardiovascular events or known coronary disease. His ECG is notable 
for an ST-segment depression and T waves. A baseline cTnI was measured using a 
point-of-care (POC) assay which was within normal limits (99th percentile: 
<0.08 ng/mL). A second POC cTnI result obtained 4 h later was also <0.08 ng/
mL. The biomarker protocol at this institution required confi rmation of all POC 
cTnI results with the central laboratory cTnI automated assay. The emergency medi-
cine physician treating the patient received a call from the laboratory that the central 
lab cTnI results were 0.06 ng/mL for the baseline sample and 0.11 ng/mL for the 4-h 
sample, which was greater than the automated cTnI assay’s 99th percentile 
(<0.04 ng/mL) and indicated a signifi cant delta (change) over this acute time period. 
Based on this information, the patient is immediately taken to cardiac catheteriza-
tion and a diagnosis of NSTEMI is made. The physician was puzzled regarding the 
lack of concordance between the two cTnI methods and also inquired if the reason 
was due to the automated “high-sensitivity” cTnI assay. 

    Discussion of Case 2 

 This case demonstrates the critical importance of understanding the limitations of 
the troponin assay used, regardless if the assay is POC or performed in the central 
laboratory. In addition, it highlights issues related to the lack of standardization 
between cTnI assays and the heterogeneous nomenclature used to describe assays. 

 Contemporary POC troponin methods are analytically and clinically less sensi-
tive compared to central lab assays and there are currently no high-sensitivity POC 
assays available [ 10 ,  11 ]. Therefore, current guidelines recommend use of central 
laboratory troponin testing as opposed to POC. In a study reported by Apple et al., 
the ratio of measured 99th percentile to the limit of detection (LoD) across fi ve 
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 different POC cTn test systems demonstrated considerable variability and substan-
tially lower than automated hs-cTn and contemporary cTn assays [ 12 ]. Consequently, 
POC assays often produce undetectable cTn concentrations with lower clinical sen-
sitivity to rule-in AMI or to use for predicting future adverse events in patients 
presenting to the emergency department with symptoms suggestive of cardiac isch-
emia [ 13 – 17 ]. This is a major concern in clinical practice as the limited analytical 
sensitivity of POC assays can lead to missed or delayed diagnosis of patients at-risk 
for ACS who may benefi t from medical intervention. Further improvement in the 
analytical sensitivity of POC cTn test systems by manufacturers is needed in order 
to complement the growing utilization and superior diagnostic performance of high- 
sensitivity assays. 

 If the central laboratory is unable to meet a 60-min turnaround time (TAT; defi ned 
here as time from collection to reporting in the electronic medical record) a majority 
(>90 % of the time) for cTn testing, then POC testing should be considered although 
frequently an optimal TAT can be achieved after resolving operational issues and/or 
ineffi ciencies. Although use of POC cTn assays clearly improves TAT and avail-
ability of results [ 18 ,  19 ], having a more rapid test does not guarantee improved 
patient outcomes, operational effi ciency, or cost effectiveness. Results vary regard-
ing the effect of POC testing in reducing patient length of stay (LOS), patient 
charges and overall cost effectiveness [ 18 ,  20 – 22 ]. Whether POC cTn testing 
improves triage, treatment, and/or discharge of NST-ACS patients largely depends 
on the effectiveness of integration into the operational workfl ows and clinical pro-
tocols for each hospital or healthcare system. 

 Standardization and harmonization efforts have focused on cTnI assays, which 
are available from a wide variety of manufacturers and analytical platforms. 
Standardization is generally not an issue for cTnT because only one diagnostic 
company (Roche Diagnostics) holds the patent and antibodies for cTnT, with the 
caveat that there are known cTnT analytical differences evident between small and 
large platforms [ 23 ]. There are several cTnI diagnostic assays commercially avail-
able with variable analytical and clinical performance characteristics and different 
target antibodies (Table  1.1 ). The International Federation of Clinical Chemistry 
(IFCC) website (  http://www.ifcc.org/    ) maintains a collated and updated list of these 
assays. Anti-cTnI antibody cross-reactivity with cTnI is dependent upon epitope 
recognition; however, the cTnI complex can also undergo substantial modifi cations 
after release into circulation including oxidation, reduction, phosphorylation and 
proteolytic degradation which can change its interaction with other troponins and 
anti-cTnI antibodies.

   Despite some success with harmonization efforts for cTnI, signifi cant inter-assay 
differences remain with up to a ten-fold difference in absolute cTnI concentrations 
[ 24 ]. The discordance in numeric cTnI values between assays and methods can 
largely be attributed to the diversity of different materials utilized for calibrators, as 
well as the variety of detection and capture antibodies used which have differing 
antigen epitope specifi cities (Table  1.1 ). Current cTnI calibration materials are only 
traceable to different calibrators selected by each manufacturer; consequently, cTnI 
results are not interchangeable between different assays and testing platforms. 

1 Analytical Issues Affecting Troponin Interpretation
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    Table 1.1    Analytical characteristics of selected contemporary troponin assays   

 Company/platform/assay 

 Cardiac troponin concentrations at:  Amino acid 
residues of epitopes 
recognized by 
capture (C) and 
detection (D) mAbs 

 LoD a , 
ng/mL 

 99th 
percentile, 
ng/mL 
(CV) b  

 10 % CV 
concentration, 
ng/mL 

  Laboratory test systems  
 Abbott AxSYM ADV  0.02  0.04 (14 %)  0.16  C: 87–91, 41–49; 

D: 24–40 
 Abbott ARCHITECT  0.009  0.028 (14 %)  0.032  C: 87–91, 24–40; 

D: 41–49 
 Beckman Access AccuTnI  0.01  0.04 (14 %)  0.06  C: 41–49; D: 24–40 
 bioMerieux Vidas Ultra  0.01  0.01 

(27.7 %) 
 0.11  C: 41–49, 22–29; 

D: 87–91, MAb 
7B9 

 Ortho Vitros ECi ES  0.12  0.034 (10 %)  0.034  C: 24–40, 41–49; 
D: 87–91 

 Roche Elecsys TnT Gen 4  0.01  <0.01  0.03  C: 136–147; D 
125–131 

 Roche Elecsys TnI  0.16  0.16 (10 %)  0.3  C: 87–91, 190–196; 
D: 23–29, 27–43 

 Siemens Centaur Ultra  0.006  0.04 (8.8 %)  0.03  C: 41–49, 87–91; 
D: 27–40 

 Siemens Dimension RxL  0.04  0.07 (20 %)  0.14  C: 27–32; D: 41–56 
 Siemens Vista  0.015  0.045 (10 %)  0.04  C: 27–32; D: 41–56 
 Tosoh AIA  0.06  <0.06 (NA)  0.09  C: 41–49; D:87–91 
  Point of care test systems  
 Abbott i-STAT  20  0.08 

(16.5 %) 
 0.1  C: 41–49, 88–91; 

D: 28–39, 62–78 
 Alere Triage  50  <0.05 (NA)  NA  C: NA; D: 27–40 
 Alere Triage Cardio3 c   10  0.02 (17 %)  NA  C: 27–39; D: 

83–93, 190–196 
 Mitsubishi Pathfast  8  0.029 

(5.0 %) 
 0.014  C: 41–49; D: 

71–116, 163–209 
 Radiometer AQT90 cTnI  9  0.023 

(17.7 %) 
 0.039  C: 41–49, 190–196; 

D: 137–149 
 Radiometer AQT90 cTnT  8  0.017 

(15.2 %) 
 0.026  C: 125–131; D: 

136–147 
 Response RAMP  30  <0.01 

(18.5 % at 
50) 

 0.21  C: 85–92; D: 26–38 

 Roche cobas h232 Cardiac 
T c,d  

 50  NA  NA  C: 125–131; D: 
136–147 

 Roche Cardiac Reader cTnT e   0.03  NA  NA  C: 125–131; D: 
136–147 

 Siemens Stratus CS  0.03  0.07 (10 %)  0.06  C: 27–32; D: 41–56 
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Although release of cTnT and cTnI from damaged cardiomyocytes should theoreti-
cally occur in equimolar amounts, absolute values for cTnT and cTnI between dif-
ferent assays are vastly different and poorly correlate. Some differences can be 
attributed to different clearance rates, ratio of free cTnI and cTnT pools and stability 
of circulating cTnI and cTnT. 

 In the absence of standardized cTnI assays, assay-specifi c cTnI decision thresh-
olds (99th percentiles and acute change criteria) must be validated or verifi ed for 
each assay and laboratory which a majority of facilities are underpowered to carry 
out, in terms of resources and expertise. It is important not to extrapolate cTnI refer-
ence values, results and decision thresholds between cTnI assays until cTnI assay 
standardization is successfully achieved, although in the author’s opinion this is 
unlikely to happen anytime soon. Accordingly, healthcare systems reporting cTnI 
results across multiple manufacturer assays or testing platforms and merging results 
into a single electronic patient medical record must effectively differentiate the cTnI 
results by assay in order to minimize patient safety risks associated with misinter-
pretation of results. 

 While there are some analytical differences in cTnT assays dependent upon plat-
form, the major differences are between the fourth-generation cTnT assays used in 
the United States and the fi fth-generation TnT (also referred to as “high-sensitivity 
cTnT” or hs-cTnT) assays available everywhere except for the United States. The 
fourth-generation cTnT assay uses the M11.7 capture antibody and M7 detection 
antibody to recognize residues 136–147 and 125–131, respectively [ 23 ,  25 ]. The 
hs-cTnT assays utilize the M7 detection antibody and a chimeric derivative of the 
M11.7 detection antibody to generate the 5D8 detection antibody that similarly rec-
ognizes residues 136–147. Analytical evaluation between 4th and 5th generation 
cTnT assays demonstrate substantial positive bias (76 %) in measured cTnT values 
at the low end of the measuring range (<50 ng/L; <0.05 ng/mL) using the hs-cTnT 
assay compared with a fourth-generation cTnT assay [ 23 ]. The discordance between 
designated contemporary assays and high-sensitivity assays for both cTnT and cTnI 
could generate signifi cant clinical confusion and potentially impact future standard-
ization efforts of cTnI assays. 

 The lack of standardization in automated and POC troponin assays necessitates 
the need for assay-specifi c reference limits. Diverse 99th percentile reference inter-
vals and systematic biases between POC and automated assays exist, even in meth-
ods which use the same antibodies designed to recognize the same antigen epitopes. 

Table 1.1 (continued)

  Adapted from Apple et al. [ 10 ], reproduced with permission from the American Association for 
Clinical Chemistry 
  a  LoD  limit of detection,  mAbs  monoclonal antibodies,  NA  not available,  Gen 4  fourth-generation 
  b  CV  coeffi cient of variation at 99th percentile 
  c Not cleared by the US Food and Drug Administration 
  d Standardized against hs-cTnT assay 
  e Standardized against Gen 4 cTnT assay  
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Dupuy  et al.  identifi ed discrepant results in a comparison of a POC cTnT assay 
versus a central laboratory hs-cTnT, with 41 % of samples presenting with cTnT 
values above the central laboratory hs-cTnT 99th percentile reference limit 
(<14 ng/L) but below the POC cTnT 99th percentile reference limit (<17 ng/L) [ 15 ]. 
Noteworthy, poor clinical concordance was observed despite the use of assay- 
specifi c cutoffs [ 15 ,  17 ], which is likely attributed to varying analytical sensitivities 
of the assays. Discordance in cTn results obtained between POC and lab cTn assays 
can confound appropriate interpretation of the clinical situation [ 14 ]; therefore, dual 
utilization of POC and central lab cTn testing within a hospital or healthcare system 
should be avoided. 

 Finally, review of peer-reviewed literature reveals descriptive verbiage and ter-
minology regarding troponin assays (e.g., ultrasensitive, high performance, highly 
sensitive, high-sensitivity) which leads to a common misperception that one may be 
using a high-sensitivity assay when indeed they are not. The analytical characteris-
tics of current high-sensitivity troponin assays are shown in Table  1.2 ; no hs-cTn 
assays are approved by the Food and Drug Administration for use in the United 
States. An analytical troponin scorecard has been developed and endorsed by the 
International Federation of Clinical Chemistry (IFCC) (Fig.  1.2 ) [ 26 ]. The fi rst tier 

   Table 1.2    Analytical characteristics of high-sensitivity troponin assays   

 Company/
platform/assay 

 Cardiac troponin concentrations at: 

 Measureable 
values in reference 
participants > LOD 
(%) 

 Amino acid 
residues of 
epitopes 
recognized by 
capture (C) 
and detection 
(D) mAbs b  

 LoD a , 
ng/L 

 10 % CV 
concentration, 
ng/L 

 99th 
percentile, 
ng/L 

  hs-cTnI test systems  
 Abbott 
ARCHITECT c,d  

 1.2  3.0  F: 16 
 M: 34 

 96  C: 24–40; D 
41–49 

 Beckman 
Access d  

 2.1  8.6  F: 9 
 M: 11 

 80  C: 41–49; D: 
24–40 

 Ortho-Clinical 
Diagnostics 
Vitros d  

 1.0  6.5  F: 16 
 M: 19 

 75  C: 24–40, 
41–49; D: 
87–91 

 Singulex Erenna 
MTP e  

 0.1  0.9  F: 15 
 M: 27 

 100  C: 41–49; D: 
27–41 

 Siemens Vista d   0.8  3.0  F: 33 
 M: 55 

 86  C: 30–35; D: 
41–56, 
171–190 

  hs-cTnT test system  
 Roche E601 c,d   2.0  13  F: 14 

 M: 22 
 25  C: 136–147; 

D: 125–131 

   a  LOD  limit of detection 
  b  mAbs  monoclonal antibodies 
  c Not cleared by the US Food and Drug Administration 
  d For research use 
  e Available as commercial test through Singulex  
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criteria are based upon analytical sensitivity and designated based on the percentage 
of normal subjects who have measureable values above the limit of detection (LoD) 
but below the 99th percentile reference limit. The second tier criteria evaluate assay 
imprecision at the 99th percentile and classify as “guideline acceptable,” “clinically 
useable” or “not acceptable”. Accordingly, the defi nition of a high-sensitivity tropo-
nin assay requires having a detectable concentration above the LoD in a minimum 
of 50 % of normal subjects and a CV ≤ 10 % at the 99th percentile using sex-specifi c 
cut-points. The scorecard approach provides objective criteria for evaluating cTn 
assays and can be used to assess potential strengths and weaknesses of each assay 
used in clinical practice or the research setting. Notably, one way to distinguish 
high-sensitivity from contemporary troponin assays in literature or when in use 
clinically is that hs-cTn results should be reported in whole numbers (ng/L) to dis-
tinguish them from contemporary assays and avoid potential patient safety issues 
associated with rounding errors or decimal misplacement.

         Case 3 

 An 80-year-old female with a chronic history of aortic stenosis presents with chest 
discomfort. Her baseline cTnI was markedly elevated at 1.43 ng/mL (99th percen-
tile: <0.04 ng/mL) and she was admitted for observation. Additional sequential 

Level 4, 3rd GENb, hs, ≥ 95

Level 3, 2rd GEN, hs, 75 to < 95

Level 2, 1st GEN, hs, 50 to < 75

Level 1, Contemporary, < 50

99th percentile URL

cTn (ng/L)

Guideline acceptable ≤ 10 Acceptability designation:
Imprecision at 99th

Percentile URL, CVc %Clinically useable > 10 to ≤ 20

Not acceptable > 20

F
re

qu
en

cy

Assay designation
Measureable cTn values
< 99th percentile URLa, %

  Fig. 1.2    IFCC scorecard classifi cation of troponin assays.  a  URL  upper reference limit,  b  GEN  gen-
eration; hs, high-sensitivity,  c  CV  coeffi cient of variation at 99th percentile URL (Adapted from 
Apple et al. [ 26 ], with permission)       
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samples drawn 6, 12 and 24 h later confi rmed the baseline results with a range 
between 1.22 and 1.55 ng/mL, all performed using the same cTnI assay. Her ECG 
was non-diagnostic with no changes over time. The physician consulted the labora-
tory director for additional discussion about these potential false-positive results. 
The specimens were analyzed using a different cTnI method and all results were 
below the 99th percentile for that assay (<0.03 ng/mL). The samples were then 
incubated with heterophile blocking reagent (Scantibodies, Inc., Saentee, CA) due 
to a suspected heterophile antibody interference and post-incubation cTnI results 
were all within the original assays reference interval (<0.04 ng/mL). 

    Discussion of Case 3 

 This case illustrates a case of false-positive troponin results due to heterophile anti-
body analytical interference. Assessment of troponin is the biochemical gold stan-
dard for the diagnosis of myocardial infarction and false-positive results carry a 
very high-risk of jeopardizing accurate clinical decision making. Heterophile anti-
bodies are human antibodies with the capacity to bind to animal immunoglobulins, 
thereby potentially interfering with the interaction between animal-derived antibod-
ies and analyte, which are components of all immunoassays. The mechanism of 
interference generally involves a bridging effect between the capture and detection 
antibody (Fig.  1.3 ).

   The frequency of heterophile antibodies in the general population is estimated 
between 0.1 and 3.1 % but can be signifi cantly increased up to 50 % in specifi c 
populations who have been therapeutic interventions with monoclonal antibody 
drugs such as chemotherapy or autoimmune diseases [ 27 ]. Heterophile antibodies 
can be classifi ed into three broad groups:

•    Polyspecifi c antibodies have mild to modest affi nity to many different antigens, 
including animal antigens, but also autoantigens. A majority of the time the titer 
and affi nity are low enough such that they will not cause interference in immu-
noassays but may be transiently increased in situations such as viral infections 
whereby their concentrations and affi nity increases.  

•   Anti-immunoglobulin antibodies with cross-reactivity to animal immunoglobu-
lins. Examples include rheumatoid factor and related antibodies; generally prob-
lematic in a sub-group of patients.  

•   High-specifi city, high-affi nity antibodies against antigens from one or several 
animal species. This class of antibodies arise from specifi c immunization and 
sensititization of individuals to an animal species. Examples include human anti-
mouse antibodies (HAMA) and human anti-goat antibodies (HAGA).    

 Clinically, analytical interferences in troponin assays are particularly trouble-
some due to the critical nature of its involvement in acute diagnostic decisions. 
Clinical laboratories have mechanisms in place to investigate suspected interfer-
ences including confi rmation of results by a different method, assessing linearity 
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and recovery, utilizing heterophile blocking tubes, polyethylene glycol precipitation 
and/or immunoadsorption methods to remove non-specifi c assay interferences. It is 
important to note that the pre-analytical and analytical issues appear to be magnifi ed 
in high-sensitivity cTn assays compared to contemporary assays, examples includ-
ing skeletal muscle interference with the hs-cTnT assay [ 28 ], plasma versus serum 
differences [ 29 ] and disparate centrifugation practices [ 30 ]. Small changes or ele-
vated troponin concentrations are highly clinically relevant, and remaining cogni-
zant about the pre-analytical and analytical assay issues which can affect 
interpretation of results is critical.      
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    Chapter 2   
 Troponin Basics for Clinicians                     

     Yader     Sandoval      and     Fred     S.     Apple     

    Abstract     Cardiac troponin (cTn) is the preferred biomarker for the diagnosis of 
acute myocardial infarction (AMI), including each specifi c MI subtype (i.e., type 
1–5 acute myocardial infarction), due to cTn’s high myocardial tissue specifi city 
and high clinical sensitivity [1]. cTn are regulatory proteins with both cytosolic 
(predominant) and structural pools (minor) [2]. Clinical implementation of cTnT 
and cTnI assays in the late 1980s revolutionized the diagnostic approach of patients 
with symptoms suspicious for AMI [3, 4]. Global utilization of high-sensitivity (hs) 
cTnI and cTnT assays has brought upon clinicians another transformational stage in 
the diagnostic approach of patients presenting with symptoms suspicious for AMI. It 
is essential for clinicians, in particular emergency physicians and cardiologists, to 
understand the nuances of cTn testing, as proper understanding of the analytical 
characteristics of assays will lead to sound clinical implementation and improved 
research observations.  

  Keywords     Cardiac troponin   •   Troponin assays   •   Biomarkers in cardiac disease   • 
  cTn assays  

      Background 

 Cardiac troponin (cTn) is the preferred biomarker for the diagnosis of acute myo-
cardial infarction (AMI), including each specifi c MI subtype (i.e., type 1–5 acute 
myocardial infarction), due to cTn’s high myocardial tissue specifi city and high 
clinical sensitivity [ 1 ]. cTn are regulatory proteins with both cytosolic (predomi-
nant) and structural pools (minor) [ 2 ]. Clinical implementation of cTnT and cTnI 
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assays in the late 1980s revolutionized the diagnostic approach of patients with 
symptoms suspicious for AMI [ 3 ,  4 ]. Global utilization of high-sensitivity (hs) cTnI 
and cTnT assays has brought upon clinicians another transformational stage in the 
diagnostic approach of patients presenting with symptoms suspicious for AMI. It is 
essential for clinicians, in particular emergency physicians and cardiologists, to 
understand the nuances of cTn testing, as proper understanding of the analytical 
characteristics of assays will lead to sound clinical implementation and improved 
research observations.  

    Fundamental Analytical Characteristics 

 In order to properly use cTn assays, in particular hs-cTn assays, clinicians must 
understand several test parameters that have important implications, including: limit 
of blank (LoB), limit of detection (LoD), limit of quantitation (LoQ), coeffi cient of 
variation (%CV) and the 99th percentile upper-reference limit (URL). 

 LoB, LoD and LoQ are terms used to describe the smallest concentration of cTn 
that can be reliably measured by an analytical procedure [ 5 ]. LoB is defi ned as the 
highest apparent cTn concentration measurement expected when replicates of a 
sample containing no cTn is tested [ 5 ,  6 ]. LoD is a concentration greater than the 
LoB; defi ned as the lowest detectable cTn concentrations reliably distinguished 
from the LoB in a sample containing a low cTn concentration [ 5 ,  6 ]. The clinical 
relevance of LoB and LoD relates to the emerging potential value of using very low 
cTn concentrations to exclude acute myocardial infarction sooner and/or risk- 
stratify patients [ 7 – 9 ]. These analytical parameters are of no clinical value with 
contemporary cTn assays, as these assays are unable to reliably measure cTn con-
centrations at these low levels. Conversely, hs-cTn assays are able to provide mea-
surable values in >50 % of normal patients at these low concentrations with an 
acceptable total imprecision of <20 % [ 10 ]. 

 LoD, LoB and LoQ are reported in the manufacturer’s insert package and often 
described in peer-reviewed literature. For example, the hs-cTnT has been reported 
to have a LoB of 3 ng/L and a LoD of 5 ng/L [ 9 ,  10 ]. The clinical correlation of 
these concentrations corresponds to the potential value of ruling-out AMI faster 
with a high negative predictive (NPV) value. Body and colleagues examined the 
sensitivity and NPV of presentation hs-cTnT concentrations using both the LoB and 
LoD cutoffs for AMI [ 9 ]. Using the LoB the sensitivity and NPV for AMI were both 
100 %; in contrast to 98.7 % and 99.0 % respectively for the LoD. Using the same 
hs-cTnT assay, Bandstein et al. hypothesized a similar concept using the LoD cutoff 
and concluded that among patients with chest pain who had an initial hs-cTnT 
<5 ng/L and no signs of ischemic electrocardiographic changes, there was minimal 
risk of myocardial infarction or death within 30-days [ 8 ]. These studies underscore 
the importance of understanding analytical parameters below the 99th percentile 
upper-reference limit (URL) and their potential clinical use in ruling out AMI ear-
lier, as well as reducing serial cTn testing and hospital admissions. 
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 From an analytical perspective, it is important to understand what is the total 
imprecision (analytical variation) at these very low concentrations and whether 
results obtained at these levels have a satisfactory precision to support clinical 
decision- making. This is highly relevant in the United States, where the Food and 
Drug Administration (FDA) will not allow cTn concentrations to be reported if val-
ues are below the LoQ (20 % imprecision) [ 6 ,  11 ]. For example, the most recent 
FDA cleared cTn assay, the contemporary Beckman Coulter cTnI assay, has been 
reported to have a 99th percentile of <0.03 ng/mL. Notably, the 20 % LoQ corre-
sponds to 0.03 ng/mL. Hence, values under the LoQ (which in this case equates the 
99th percentile) are unable to be reported in the United States, and therefore neither 
the LoB nor LoD would be of clinical relevance in such context. 

 An observed limitation of using either the LoB or LoD to exclude AMI using 
hs-cTn assays is that such strategy applies only to a modest proportion of patients 
[ 6 ]. In the same study by Body and colleagues, only 5.2 % of patients had values 
under the LoB, whereas only 21 % had values under the LoD [ 9 ]. While in some 
studies these rule-out strategies appear to have a potentially acceptable sensitivity 
and NPV, they are not applicable to most patients being evaluated for possible 
AMI. Based on these concepts that examined analytical parameters (LoB and LoD), 
Shah et al. examined a similar approach, but rather than using an analytical cutoffs, 
these investigators selected a threshold on the basis of a clinical need [ 12 ]. This was 
a testable concept based on the improved analytical precision at very low concentra-
tions with the studied hs-cTnI (Abbott ARCHITECT) assay. In this study, inter- 
laboratory coeffi cient of variation was examined across 33 instruments and reported 
to be 12.6 % at 3.5 ng/L. Therefore, based on the improved total imprecision at low 
levels, Shah et al. were able to examine a range of concentrations at these low levels 
and determined that in patients without AMI at presentation, hs-cTnI concentrations 
<5 ng/L were present in 61 % of patients (2311 of 3799 with values under the 99th 
percentile), with a negative predictive value of 99.6 % (95 % confi dence interval: 
99.3–99.8 %) for the primary outcome of composite index type 1 MI, or type 1 MI 
or cardiac death at 30-days.  

    Total Imprecision: Coeffi cient of Variation (%CV) 

 The coeffi cient of variation (CV) is a useful measure of relative spread in data and is 
used frequently in laboratory testing and quality control procedures [ 13 ]. Each labo-
ratory result is associated with analytical variation, which can be calculated by 
repeatedly measuring one sample and calculating the analytical %CV from the mean 
and standard deviation (CV = (standard deviation/mean) * 100 %) [ 13 ,  14 ]. Total 
imprecision (CV) at the 99th percentile URL for each assay should ideally be ≤ 10 %, 
as improved precision facilitates the detection of serial changes in cTn (delta [δ])  
[ 1 ]. Even though a CV ≤10 % is preferred and deemed guideline acceptable, cTn 
assays with a CV ≤20 % at the 99th percentile are clinically usable [ 1 ,  15 ]. Assays 
with a CV >20 % at the 99th percentile URL should not be used clinically [ 1 ]. 
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Notably, most contemporary cTn assays don’t have an optimal imprecision (≤10 % 
CV) at the 99th percentile, whereas high-sensitivity assays by defi nition have a 
CV% ≤ 10 % [ 6 ]. This is clinically relevant as better imprecision facilitates detection 
of changing values, particularly at low cTn concentrations [ 1 ,  6 ,  10 ]. 

 In a study comparing a contemporary cTnI assay with a %CV at the 99th percen-
tile of 14 % to a hs- cTnI assay with a %CV at the 99th percentile of 5.6 %, the use 
of the hs-cTnI assay with higher precision was associated with fewer AMI diagno-
ses, a fi nding related to the improved total imprecision (less analytical noise), as 
using hs-cTn assays, only cTn increases indicative of true myocardial injury should 
be observed [ 10 ,  16 ]. The clinical impact of the relationship between the 99th per-
centile URL as the decision cutoff for acute MI and the %CV is illustrated in 
Fig.  2.1 . Total imprecision has an important value not only at the 99th percentile, but 
also at lower concentrations such as the LoB and LoD as mentioned before, when 
considering whether rapid rule-out strategies using hs-cTn assays have satisfactory 
imprecision at these low levels.

   cTn concentrations are also commonly reported by clinical laboratories at the 
10 % CV. For example, the contemporary Abbott Architect cTnI assay has a 99th 
percentile of 0.028 μg/L with a corresponding CV of 14 % at this concentration. 
Against guideline-recommendations using the 99th percentile, some laboratories 
and/or clinicians may opt to use a concentration threshold at which the CV is 10 %. 
Hence, based on this example, some may use the 10 % CV concentration of 
0.032 μg/L as the URL, rather than the 99th percentile concentration of 
0.028 μg/L. Similarly, some laboratories may still use the World Health Organization 
(WHO) cutoffs based on receiver-operator-characteristic (ROC) curve analysis for 
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  Fig. 2.1    Cardiac troponin I serial concentrations comparing high-sensitivity and contemporary 
assays in two suspected acute coronary syndrome patients presenting with 30 min of symptom onset       
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the diagnosis of AMI. For example, the hs-cTnT assay has a reported 99th  percentile 
of 14 ng/L and a ROC-derived concentration of 100 ng/L. Based on the old WHO 
recommendation, some laboratories may use the ROC derived concentration. It is 
important to emphasize that all major guidelines and societies in contemporary 
practice currently recommend the 99th percentile URL, ideally with a total impreci-
sion of ≤10 %, rather than any other concentration such as the 10 % CV or ROC- 
derived concentrations.  

    The 99th Percentile Upper-Reference Limit 

 The detection of a rising and/or falling pattern of cTn with at least one value above 
the 99th percentile URL of a normal reference population is an essential component 
of the current defi nition of acute MI according to the Third Universal Defi nition of 
Myocardial Infarction consensus document [ 1 ]. Consequently, it is imperative to 
understand why the 99th percentile URL cutoff value is endorsed and how it is 
determined. The 99th percentile URL has been endorsed as the operative threshold 
on the basis that an acceptable false-positive rate would be approximately 1 % [ 17 , 
 18 ]. The 99th percentile URL is derived from a normal reference population using 
nonparametric statistical analysis to establish reference intervals [ 19 ]. However, the 
methodology used to defi ne normal reference populations is heterogeneous and no 
uniform guideline exists to guide how researchers or manufacturers should defi ne 
normality [ 19 ]. It has been recommended that as minimum studies screening for 
normal individuals should perform a clinical history to exclude history of cardiovas-
cular disease and medication usage, surrogate biomarker for diabetes mellitus 
(hemoglobin A 1C ), myocardial dysfunction (NT-proBNP) and renal dysfunction 
(creatinine, eGFR calculation), a minimum of 300 men and 300 women and inclu-
sion of an imaging modality if fi nancially feasible [ 19 ]. From a clinical standpoint 
it is important to understand that currently with contemporary cTn assays one single 
cutoff value is utilized. However, hs-cTn assays studies have shown differences in 
99th percentile URLs among men and women and therefore sex-specifi c 99th per-
centiles will need to determined and reported for clinical use [ 19 – 21 ]. This concept 
is of relevance to clinicians as it has been studied that the use of a single diagnostic 
threshold with contemporary assays has contributed to the under-diagnosis of AMI 
in women [ 21 ]. Using a hs-cTnI assay with gender-specifi c cutoffs, Shah and col-
leagues demonstrated an increase in the diagnosis of MI in women and a minimal 
effect in men (Table  2.1 ) [ 21 ].

   Using hs-cTn assays, age has been recognized as an important factor infl uencing 
the 99th percentile. In a large study including three well-characterized population 
studies: the Dallas Heart Study (DHS), the Atherosclerosis Risk in Communities 
(ARIC) Study, and the Cardiovascular Health Study (CHS); the 99th percentile 
URLs calculated on each cohort were signifi cantly above the standard general cut-
off specifi ed by the manufacturer in all strata of men ≥50 years and women 
≥65 years [ 22 ]. For example, in sub-cohort of the DHS that included individuals 
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free from recent hospitalization of any cause, with no clinical cardiovascular disease 
or stage III or greater chronic kidney disease; the 99th percentile for men ranging 
50–64 years-old was 28 ng/L, double than the standard manufacturer’s package 
99th percentile of 14 ng/L. In a separate study, Vasikaran and colleagues, assessed 
the distribution of hs-cTnT results in their laboratory including the fi rst result only, 
on each of 19,998 patients and after removal of all results in the 2,159 patients that 
had a ≥50 % change from the fi rst hs-cTnT; and demonstrated a steady increase in 
hs- cTnT concentration after 50 years of age [ 23 ]. Ninety nineth percentile URLs 
have also been shown to vary by specimen type (serum, plasma, or whole blood) 
[ 19 ]. Therefore, it is important to report details on how specimens are collected, 
handled and stored. As an example, in study by Apple and colleagues, the Abbott 
ARCHITECT cTnI assay showed marked differences in the reported 99th percentile 
when using plasma (0.012 μg/L) vs. serum (0.025 μg/L) [ 24 ,  25 ].  

    Contemporary, Point-of Care and High-Sensitivity Cardiac 
Troponin Assays 

 Contemporary cTn assays are defi ned as those assays that measure normal values 
below the 99th percentile in less than 50 % of a normal reference population [ 15 ]. 
Contemporary assays measure cTn above the limit of detection in less than 35 % of 
normal individuals [ 19 ]. Moreover, most contemporary cTn assays do not have a 
CV below 10 % at the 99th percentile [ 6 ]. A list of cTn assays, including contempo-
rary assays is shown Table  2.2 . High-sensitivity cTn assays are defi ned as assays 
that measure cTnI and cTnT above the LoD in ≥ 50 % of healthy subjects, with an 
analytical imprecision of ≤10 % at the 99th percentile URL. A list of hs-cTn assays 
is shown in Table  2.2 . Using hs-assays, sex-specifi c cutoffs will be reported and 
results should be reported in nanograms per liter (whole numbers) to distinguish 
from contemporary or point of care (POC) assays.

   POC cTn assays utilize rapid, simple, portable, instruments that are able to 
deliver rapid turn-around-time results in under 30 min, and require minimal sample 
handling and preparation, that waive the necessity for skilled laboratory personnel 
to operate the assays [ 26 ]. Ideally, POC devices should be sensitive to cTn at very 
low concentrations, maximize analytical specifi city to cTn by minimizing 

   Table 2.1    Diagnostic accuracy of type 1 myocardial infarctions comparing contemporary and 
high-sensitivity troponin assays in men and women using sex-specifi c vs. a single 99th percentile 
URL   

 Proportion of men 
and women with 
type 1 MI 

 Contemporary cTnI: 
single URL (50 ng/L) 

 High sensitivity cTnI: 
single threshold 
(26 ng/L) 

 High sensitivity 
cTnI: sex-specifi c 
URLs 

 Men  19 % (n = 117)  23 % (n = 142)  21 % (n = 131) 
 Female  11 % (n = 55)  16 % (n = 80)  22 % (n = 111) 

  Data from Shah et al. [ 21 ]  
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     Table 2.2    Analytical characteristics of contemporary, point of care and high sensitivity cardiac 
troponin I and T assays   

 Company/platform/assay 
 LoD 
μg/L 

 99th 
μg/L 

 %CV 
at 
99th 

 10 % 
CV 
μg/L  Epitopes 

  Contemporary assays  
 Abbott ARCHITECT  <0.01  0.028  15.0  0.032  C 87–91, 24–40: D: 

41–49 
 Beckman Coulter Access 2  0.01  0.04  14.0  0.06  C: 41–49; D: 24–40 
 Roche E170  0.01  <0.01  18.0  0.03  C: 125–131; D: 

136–147 
 Siemens Centaur Ultra  0.006  0.04  10.0  0.03  C; 41–49, 87–91; D: 

27–40 
 Siemens VISTA  0.015  0.045  10.0  0.04  C: 27–32; D: 41–56 
 Tosoh AIA II  0.06  <0.06  8.5  0.09  C: 41–49; D: 87–91 
 Ortho Vitros ECi ES  0.012  0.034  10.0  0.034  C 24–40, 41–49; D 

87–91 
  POC assays  
 Abbott i-STAT  0.02  0.08  16.5  0.10  C: 41–49, 88–91; D: 

28–39,62–78 
 Alere Triage  0.05  <0.05  NA  NA  C: NA; D: 27–40 
 bioMerieux Vidas Ultra  0.01  0.01  27.7  0.11  C: 41–49, 22–29; D: 

87–91, 7B9 
 LSI Medience PATHFAST  0.008  0.029  5.1  0014  C: 41–49; D:71–

116, 163–209 
 Radiometer AQT90 cTnI  0.0095  0.023  17.7  0.039  C: 41–49, 190–196; 

D: 137–149 
 Radiometer AQT90 cTnT  0.01  0.017  20.0  .03  C: 125–131; 

D:136–147 
 Response Biomedical RAMP  0.03  <0.1  18.5  0.21  C: 85–92; D: 26–38 
 Roche Cardiac Reader  <0.05  <0.05  NA  NA  C: 125–131; 

D:136–147 
 Siemens Stratus CS*  0.03  0.07  10.0  0.06  C: 27–32; D: 41–56 
 Trinity Meritas  0.019  0.036  17.0  NA  C: 24–40; 41–49, D: 

88–90, 137–148, 
190–196 

  High-sensitivity assays    ng/L    M/F, ng/
LL  

  ng/L  

 Abbott ARCHITECT hs-cTnI  1.9  34/16  <6.0  3  C; 24–40; D: 41–49 
 Beckman Access hs-cTnI  2.1  11/9  <5.0  3.3  C; 41–49; D: 24–40 
 Ortho-Clin Diagnos hs-cTnI  1.0  19/16  <5.0  6.5  C 24–40, 41–49; D 

87–91 
 Roche E170 hs-cTnT  5  20/13  <8.0  13  C: 136–147; 

D:125–131 
 Siemens Vista hs-cTnI  0.8  55/33  <5.0  3  C: 30–35; D: 41–56, 

171–8 
 Singulex Erenna hs-cTnI  0.1  27/15  <5.0  0.9  C: 41–49; D: 27–41 

   LoD  limit of detection. Sex specifi c 99th percentiles,  M  male,  F  female  
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 interference and minimize the CV% at the 99th percentile; while being able to 
deliver a result in less than 30 min [ 26 ]. Conceptually, these are attractive assays, 
yet very few achieve the ideal imprecision of ≤10 % at the 99th percentile. A list of 
POC cTn assays is shown in Table  2.2 .  

    IFCC Educational Efforts to Defi ne High Sensitivity Assays 

 hs-cTn assays promise better diagnostic accuracy for AMI. This is why it is essen-
tial that laboratory medicine professionals and clinicians understand the perfor-
mance of these tests and how to use them. An IFCC Task Force on Clinical 
Applications of Cardiac Bio-Markers collaborated with representatives from in vitro 
diagnostics companies who have expertise in hs-cTn troponin immunoassays on 
education materials addressing the question, how does an assay become designated 
high-sensitivity and how to implement them into clinical practice and research? [ 20 ] 
These educational guidelines focus on two main issues, the 99th percentile URL 
and calculating serial change values (delta cTn) in accord with the Third Universal 
Defi nition of Myocardial Infarction. This task force was a global collaboration 
refl ecting a balanced perspective on hs-cTn assays from both clinical and laboratory 
viewpoints, providing guidance on the how and why of implementing hs-assays into 
practice, proving based defi nitions to the scientifi c and medical literature for consis-
tency. The task force’s primary priority was to address the potential for inconsistent 
use of the analytical characteristics of hs-cTn assays. The document is assay blind 
to whether cTnI or cTnT is measured for patient care, but proposes clear operational 
recommendations. Unfortunately, U.S.-based laboratories cannot put these recom-
mendations into practice, as the Food and Drug Administration (FDA) has not yet 
cleared hs-cTn assays for clinical use. Table  2.3  shows the selected key recommen-
dations from the IFCC educational materials.

      Delta Troponin 

 Using a delta cTn value is critically important to improve the diagnostic specifi city 
for AMI versus elevated levels due to a chronic myocardial injury that might be 
related to structural heart disease [ 20 ]. Numerous issues about delta cTn exist, 
including variation and timing of serial cTn measurements that impact delta change 
calculations [ 27 ]. It is important for both laboratorians and clinicians to understand 
that there is no universal delta cTn value for all hs-assays. Laboratory medicine 
professionals must prepare to educate clinicians on this point, emphasizing that one 
delta value does not fi t all assays, that serial change delta values are assay depen-
dent, and that the utility of hs-cTn is related to the onset of ischemic symptoms and 
the timing of presentation [ 20 ,  27 ]. For example, a patient presents with chest pain 
and a non-ischemic ECG and is admitted to the observation unit for serial cTn 
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measurements every 3 h. His initial (baseline) contemporary cTnI is 0.012 μg/L 
(99th percentile: 0.034 μg/L). His 3- and 6-h results are as follows: 3-h sample: 
0.029 μg/L and 6-h sample: 0.127 μg/L. In order to correlate the delta concepts 
mentioned above, the individual 6-h cTnI measurement with a value above the 99th 
percentile would likely provide an optimal clinical sensitivity for AMI. However, 
the individual value alone has a low specifi city for AMI. Therefore in order to 
improve the diagnostic accuracy and improve clinical specifi city for the diagnosis 
of AMI one includes the use of serial cTn changes to the interpretation of the results. 
In a simplistic fashion without taking into account timing of presentation, the pres-
ence of a signifi cant delta would support the diagnosis of an AMI, whereas the 
absence of it would argue against an acute event. It is also important to emphasize 
that the use of serial cTn changes (delta) has been associated an increase in the 
specifi city for AMI [ 28 ], however these dynamic changes are not specifi c exclu-
sively for AMI, but rather indicative of acute myocardial injury with necrosis which 
could be due to numerous etiologies other than acute myocardial infarction [ 29 ]. 

 When using delta cTn for hs-assays, absolute concentration changes have been 
shown to have signifi cantly higher diagnostic accuracy for AMI than relative 
changes [ 30 ,  31 ]. Using serial changes investigators have categorized patients into 
three cohorts: ‘rule-out MI’ group, ‘observational zone’ group and ‘rule-in MI’ 
group [ 32 ]. The rule-out MI strategy integrates the use of baseline presentation hs- 
cTn levels in combination with minimal absolute changes, which if met, provide a 
very high NPV. In contrast, the rule-in MI strategy relies on the presence of signifi -
cant absolute changes, which if present, provide a high diagnostic specifi city for 
AMI. Finally, if none of the rule-in or rule-out MI criteria are met, then patients fall 
into a “observational zone”, in which an individualized approach is utilized and 
clinical suspicious is important as there is an acute myocardial infarction prevalence 
of 8–19 % in this category [ 6 ].   

   Table 2.3    IFCC Task Force educational points regarding high sensitivity cardiac troponin assays   

 99th Percentile URL 
   Should be determined from a healthy population 
   Coeffi cient of variation (CV%) ≤10 % at 99th percentile 
   Measure cTn above the LoD in ≥50 % 
   Values will be reported as whole values, in ng/L units 
   Assays are not standardized and 99th percentiles are assay dependent 
   Sex-specifi c URLs established with minimum of 300 males and 300 females 
 Serial Change Delta Value 
   Best method to differentiate acute myocardial injury, including AMI, from those that have 

chronic cardiac troponin elevations; optimizes clinical specifi city 
   Timing of presentation is an essential aspect for an accurate delta calculation 
   Delta change may be absent at or near peak values when the presentation is late after an acute 

event 
   Need to use fi xed time intervals for sampling and measure 
   Absolute concentration delta change values must be developed for each assay 
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    Integration of Analytical Characteristics with Rule-out/
Rule-in Strategies 

 Based on the analytical characteristics described, four major diagnostic strategies 
have been studied and/or implemented in clinical practice with high-sensitivity 
assays: (1) use of undetectable values (cTn concentrations below the LoB or LoD); 
(2) use of accelerated serial cTn sampling (baseline 0-h cTn measurement and 1–3 
h sampling); (3) use of hs-cTn measurements in combination with risk scores 
(accelerated diagnostic protocols); and (4) use of a cTn concentration threshold 
tailored to meet a specifi c clinical need [ 6 ]. The use of undetectable values refers to 
the rapid rule-out of acute myocardial infarction by using one-single measurement 
on presentation. If the initial measurement provides an undetectable concentration, 
defi ned as those below the LoB or LoD, then the patient falls into a very low risk 
category with a high negative predictive value for adverse events. This strategy 
relies on the ability of hs-assays to provide precise results at these low levels. Such 
approach is impossible with contemporary cTn assays. Importantly, studies have 
shown that this strategy has an inferior performance in early presenters. Therefore, 
in patients presenting early, serial sampling should be considered. 

 Accelerated serial sampling relies on hs-cTn measurements over time to rule-in 
and rule-out acute myocardial infarction. In contrast to the prolonged serial sam-
pling required with contemporary assays, which requires several measurements 
every 3-h, often up to 9 or 12-h; with accelerated serial sampling using hs-assays, 
one can perform two measurements over time and expedite the rule-in/out of 
AMI. This can be achieved with hs-assays due the improved total imprecision and 
ability to measure low cTn concentrations. Most studies have used a baseline mea-
surement at presentation (0-h) in combination with a second sample obtained at a 
range of 1–3 h (heterogeneity observed across studies in regards to the timing of the 
2nd sample). These protocols categorize patients into either a rule-in, rule-out or 
observational group. Based on the numerous studies examining these protocols, the 
2013 and 2015 European guidelines endorse as a Class I recommendation the use of 
both 0–1 h and 0–3 h protocols [ 33 ]. The decision to implement a protocol is directly 
linked to the ability of each healthcare setting to obtain the samples at the recom-
mended timing intervals. For example, in hospitals that allow nurse to phlebotomize 
and obtain cTn samples, the 0–1 h protocol might be feasible due to the proximity 
of the nurse. Conversely, the 0 and 2–3 h protocols might appear more appropriate 
for hospitals that use laboratory personnel to obtain cTn samples. Accelerated diag-
nostic protocols, ADPs, refer to rule-out strategies that integrate cTn measurements 
with clinical risk scores (e.g.,: TIMI score) and 12-lead electrocardiography to 
determine whether patients are at low risk. Most studies examining ADPs have com-
bined the use of serial hs-cTn measurements (e.g.,: 0 h and 2 h measurements) in 
combination with a selected risk-score and electrocardiography. ADPs increase the 
proportion of patients identifi ed as low-risk, hence more attractive for clinicians 
seeking to expedite evaluation and potential discharge. For example, the TRUST- 
ADP, which uses hs-cTnT, identifi ed 39.8 % as potentially suitable for immediate 
discharge, in contrast to 29.3 % using the LoD alone (<5 ng/L) and 7.9 % using the 
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LoB alone (<3 ng/L) [ 34 ]. Lastly, based on the improved analytical precision at low 
concentrations, an alternative strategy explored in the HIGH-STEACS study, was to 
use a concentration threshold tailored to meet a clinical need. Investigators demon-
strated that a hs-cTnI (Abbott ARCHITECT) concentrations below 5 ng/L provided 
a NPV of 99.6 % for the primary endpoint, hence potentially expediting the rule-out 
and discharge of two-thirds of patients with initial samples below the 99th percentile 
who present to the emergency department with possible ischemic symptoms [ 12 ].  

    Biological Variation 

 Biological variability is a type of pre-analytical variation due to changes over time 
in normal individuals, which may be secondary to circadian rhythm, monthly 
changes, or seasonal changes inherent to a species [ 35 ]. The determination of bio-
logical variation became possible until the development of hs-assays that allowed 
the measurement of cTn concentrations at low concentrations in healthy individuals 
[ 10 ]. Measurement of the biological variation of cTn allows determination of refer-
ence change values used for interpreting serial testing [ 10 ,  36 ] (Table  2.4 ). Reference 
change values represent that percent-change that the next test result must exceed 
before it exceeds the biomarker’s biological variation.

       Summary 

 The chapter has discussed the important role that analytical cTnI and cTnT assays 
play in clinical diagnostic decision making. Each cTnI and TnT assays is unique and 
no two assays should be assumed to be the same. With the global implementation of 
high sensitivity assays into clinical practice except in the us when one they not yet 
FDA cleared for clinical use as well as for research studies, improved diagnostics 
with better cost effective management of patients, with improved outcomes are 
already being realized.     

   Table 2.4    Short-term biological variation characteristics of high-sensitivity cardiac troponin 
assays   

 Abbott  Beckman  Roche (E170)  Siemens  Singulex 

 CV A , %  13.8  14.5  7.8  13.0  8.3 
 CV I , %  15.2  6.1  15.0  12.9  9.7 
 CV G , %  70.5  34.8  NA  12.3  57 
 Index of individuality  0.22  0.46  NA  0.11  0.21 
 RCV, %  NA  NA  47.0  NA  NA 
 RCV increase, %  69.3  63.8  NA  57.5  46.0 
 RCV decrease, %  −40.9  −38.9  NA  −36.5  −32 
 Within-subject mean, ng/L  3.5  4.9  NA  5.5  2.8 
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    Chapter 3   
 Unique Aspects of High Sensitivity Assays: 
What Are They, Why Do We Need Them, 
and How Do We Use Them?                     

     Paul     Ormandy     Collinson     

    Abstract     The development of immunoassays for the cardiac troponins (cTn) either 
cardiac troponin T (cTnT) or cardiac troponin I (cTnI) resulted in a paradigm shift 
in biochemical testing for the diagnosis of patients presenting with chest pain. For 
the fi rst time, the laboratory was able to offer a specifi c diagnostic test for acute 
myocardial infarction (AMI). Compared to the tests then in use, measurement of 
creatine kinase (CK) and its MB isoenzyme (CK-MB), the measurement of cTnT or 
cTnI offered not only superior diagnostic effi ciency but also prognostic information 
and treatment guidance. The superiority of cTnT and cTnI measurement led initially 
to the redefi nition of myocardial infarction. This stated that the preferred biomarker 
for diagnosis of AMI was serial troponin measurement [1]. This document fi rst 
recommended that the 99th percentile should be used as decision limit and the ana-
lytical imprecision of the assay (the coeffi cient of variation, CV) should be ≤10 % 
at the 99th percentile. It is worth remembering that at this point the analytical sen-
sitivity of the available assays, although clinically superior to that of CK and 
CK-MB measurement was signifi cantly less than those currently in use.  

  Keywords     Immunoassays for the cardiac troponins   •   Cardiac troponin immunoas-
says   •   Cardiac troponin T   •   Cardiac troponin I   •   High-Sensitivity Cardiac Troponin 
Assays   •   Delta Troponin  

      Why Were High Sensitivity Troponin Assays Developed? 

 The development of immunoassays for the cardiac troponins (cTn) either cardiac 
troponin T (cTnT) or cardiac troponin I (cTnI) resulted in a paradigm shift in bio-
chemical testing for the diagnosis of patients presenting with chest pain. For the fi rst 
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time, the laboratory was able to offer a specifi c diagnostic test for acute myocardial 
infarction (AMI). Compared to the tests then in use, measurement of creatine kinase 
(CK) and its MB isoenzyme (CK-MB), the measurement of cTnT or cTnI offered 
not only superior diagnostic effi ciency but also prognostic information and treatment 
guidance. The superiority of cTnT and cTnI measurement led initially to the redefi -
nition of myocardial infarction. This stated that the preferred biomarker for diagno-
sis of AMI was serial troponin measurement [ 1 ]. This document fi rst recommended 
that the 99th percentile should be used as decision limit and the analytical impreci-
sion of the assay (the coeffi cient of variation, CV) should be ≤ 10 % at the 99th per-
centile. It is worth remembering that at this point the analytical sensitivity of the 
available assays, although clinically superior to that of CK and CK-MB measure-
ment was signifi cantly less than those currently in use. In addition, decision limits 
had been optimized to correspond with the previous WHO diagnosis of AMI. The 
net result was to produce assays which were not only very sensitive (when compared 
to CK and CK-MB) but also highly specifi c. A cTnT or cTnI measurement would 
provide a binary diagnosis of AMI or not. This had two consequences. First, the 
cardiospecifi city of the assay led to rapid and enthusiastic adoption by Emergency 
Department physicians. The second, and unintended, consequence was an over reli-
ance on a biochemical test for diagnosis and an erosion of the importance of clinical 
assessment of the patient. The publication of the universal defi nition of myocardial 
infarction fi rst introduced the concept of the 20 % change in troponin values [ 2 ]. For 
the clinical chemist a 20 % change in troponin values can only be detected with an 
assay with an imprecision less than 10 %. So the concept of a 99th percentile with a 
10 % imprecision goal is intrinsically self-contradictory. The ability to detect a 99th 
percentile in a healthy population and the need to perform measurements with an 
imprecision of signifi cantly less than 10 % at the 99th percentile value, together with 
a desire to progressively improve any product, encouraged the manufacturers of 
cTnT and cTnI assays to progressively enhance analytical performance. 

 Currently assays can be divided into four broad categories. There are those 
assays where the imprecision at the 99th percentile exceeds 20 %. These are not 
considered suitable for use on their own for diagnosis. Second, there are those 
assays where the imprecision at the 99th percentile is in the range 10–20 %. These 
are considered to be clinically usable. The third group is those where the impreci-
sion at the 99th percentile is 10 % or less and the assay is able to measure cardiac 
troponin in a proportion of the normal healthy population. These are considered to 
be contemporary sensitive troponin assays. The fi nal category is the high sensitivity 
troponin assays.  

    What Is a High Sensitivity Troponin Assay? 

 Calling an assay a “high sensitivity” assay refers to the analytical performance char-
acteristics of the assay itself (Table  3.1 ). The assay is not measuring a different form 
of troponin but is measuring troponin with a greater degree of analytical sensitivity. 
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A good analogy the distinction between an assay for C reactive protein (CRP) and a 
high sensitivity CRP assay. A conventional CRP assay will typically measure down 
to 10 mg/L whereas a high sensitivity CRP assay will measure down to 0.1 mg/L. A 
troponin assay which in a previous format would have had a limit of detection of 
around 20 ng/L but will now have a limit of detection of around 1 ng/L when rede-
veloped as a high sensitivity assay. The improvements in assay sensitivity also pro-
duces an improvement in assay imprecision. In this case moving from a 10 % CV of 
160 ng/L to a 10 % CV of 5 ng/L.

   There is no uniformly agreed defi nition of a high sensitivity troponin assay but 
the International Federation of Clinical Chemists (IFCC) working group on cardiac 
markers has proposed a defi nition which is broadly accepted [ 3 ]. A high sensitivity 
troponin assay should have a total imprecision at the 99th percentile of ≤10 % or 
ideally better. In addition, the assay should detect at least 50 % of healthy individu-
als above the limit of detection (LoD) of the assay. 

 The fi nal criterion for a high sensitivity assay is that the results should be reported 
in nanograms/L. The main reason for this is that high sensitivity troponin assays 
report to three decimal places if the current units of micrograms/L are used. This 
creates a risk when results are viewed as human beings cope much better with num-
bers to the left of the decimal point. In addition there is a signifi cant risk with elec-
tronic data transfer. There is an unfortunate tendency in some software packages 
(from electronic messaging to electronic patient record programs) to round decimal 
points. Potentially this might give a result of zero for an elevated troponin value.  

    Why Do We Need High Sensitivity Troponin Assays? 

 Although there are sound analytical reasons for developing sensitive troponin 
assays, as discussed above, there are signifi cant clinical advantages as well. Initially, 
diagnosis utilizing troponin assays recommended a sample taken 10–12 h from 
admission. This was because the assays were relatively insensitive in the early time 
period following myocardial infarction. It was for this reason that the concept of a 
panel of cytoplasmic markers combined with cardiac troponin was developed. The 
idea was that the early diagnostic sensitivity of markers such as myoglobin and 
CK-MB would be combined with the cardiac specifi c troponin measurement. The 
need for rapid diagnosis was driven by the desire of ED physicians for rapid triage 
of chest pain patients. Presentations with chest pain account for the largest single 

   Table 3.1    What makes an assay a high sensitivity assay?   

 A high sensitivity assay refers to the assays analytical characteristics, it does not mean a 
different form of troponin is being measured 
 Total imprecision at the 99th percentile should be ≤10 % 
 The assay should detect at least 50 % of healthy individuals above the LoD of the assay 
 Results should be reported in ng/L 
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category medical presentation to the ED. The need was for rapid biochemical diag-
nosis to supplement the electrocardiogram and clinical assessment. Progressive 
improvements in assay sensitivity have produced cardiac troponin assays that are 
diagnostically superior, even in the early time period after infarction, to measure-
ment of cytoplasmic markers [ 4 ,  5 ]. High sensitivity assays take this further. Not 
only are high sensitivity assays diagnostically superior to cytoplasmic markers but 
they allow measurement of troponin within the reference interval. In the era of high 
sensitivity troponin assays there is no longer any place for measurement of the cyto-
plasmic markers myoglobin and CK-MB. 

 Measurement of troponin within the reference interval allows serial measure-
ment across short time intervals and the calculation of a signifi cant change in value, 
typically an increase (although a decrease can also be used), the use of a delta 
change value. The concept of a delta change of a cardiac biomarker was originally 
developed for serial measurement of CK and CK-MB. The objective was to increase 
diagnostic sensitivity and to decrease time to diagnosis by eliminating between sub-
ject variability (the major contributor to the size of the reference interval) and mak-
ing the only contributors to the ability to distinguish between two consecutive 
measurements the analytical imprecision of the assay and the within individual bio-
logical variation. Within individual biological variation for cardiac troponin has 
been shown to be low, of the order of 50–60 % [ 3 ]. High sensitivity cardiac troponin 
assays allow calculation of a delta value for troponin and the use of very short sam-
pling intervals. 

 The measurement of cTnT and cTnI in apparently healthy populations with high 
sensitivity assays has revealed a number of interesting clinical fi ndings. First, it is 
apparent that the defi nition of a healthy reference population needs to be more 
exacting when using a high sensitivity troponin assay. A number of studies have 
shown that the 99th percentile is critically infl uenced by the population studied. 
Measurement of troponin levels in 545 individuals from a primary care population 
demonstrated that the 99th percentile, progressively fell for cTnT from 29.9 to 
14.4 ng/L and for cTnI from 66.8 to 43.8 ng/L when individuals were progressively 
excluded from the population initially on the basis of a health questionnaire, then 
with the addition of simple biochemical tests and fi nally with normal cardiac imag-
ing by echocardiography [ 6 ]. This fi nding has been confi rmed by two other studies. 
One with a very similar design demonstrated a fall of cTnI from 20.4 to 11.1 ng/L 
and for cTnT from 20.4 to 15.9 ng/L [ 7 ]. The second study found that higher cTnI 
concentrations were predicted by hypertension, left ventricular mass, systolic and 
diastolic dysfunction and coronary artery disease [ 8 ]. How a healthy population 
should be defi ned is still a matter of debate. Recommended criteria are that healthy 
individuals would have no signifi cant cardiac history, would not be taking any car-
dio active medication, would be normotensive, would have normal renal function, 
be non-diabetic and have a normal B type natriuretic peptide level. Ideally, cardiac 
imaging information would be available and there would be normal cardiac function 
by echocardiography or magnetic resonance imaging. 

 High sensitivity assays also show a male female difference. The 99th percentile 
limit in males is higher than that in females. It has been recognized that there is a 
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gender imbalance in the diagnosis and management of cardiac disease. Women are 
relatively under diagnosed and undertreated. The use of gender specifi c cut-offs, 
which can only be achieved with high sensitivity, assays allows this problem to be 
addressed. In a prospective observational cohort study of consecutive patients 
admitted to a regional cardiac center in the UK a total of 1126 patients (46 % 
women) were studied [ 9 ]. The fi nal diagnosis was based on the universal defi nition 
of myocardial infarction. Two cardiologists independently adjudicated the diagno-
sis of myocardial infarction using a high sensitivity cTnI assay sex specifi c diag-
nostic thresholds and compared this with the existing practice were a single 
diagnostic threshold (based on a contemporary assay) was used. The use of a high 
sensitivity cTnI assay increased the diagnosis of myocardial infarction in women 
from 11 to 22 % (p <0.001) but had a minimal effect in men (from 19 to 21 %, 
p = 0.002). They noted that women were less likely than men to be referred to a 
cardiologist or undergo coronary revascularization. At 12 month follow up those 
women who were noted to have had an increased troponin detected only by the high 
sensitivity assay using a gender specifi c threshold or had a diagnosis of myocardial 
infarction based on the conventional assay had the highest rated death or reinfarc-
tion compared to women with a cTnI values below the gender specifi c 99th 
percentile. 

 Finally, high sensitivity troponin assays can be used outside of the conventional 
acute hospital setting. Large population based studies have shown that the level of 
cardiac troponin in a population will predict long-term cardiac risk. cTnT was mea-
sured in 4221 community dwelling adults aged ≥65 years with repeat measurement 
2–3 years late. An increase in cTnT levels of greater than 50 % predicted an increased 
risk of death or heart failure [ 10 ]. The Dallas heart study measured cTnT in 3546 
individuals from 30 to 65 years also had cardiac imaging. The quintile of cTnT 
value predicted risk of death from 1.9 to 28.4 % from the lowest to the highest quin-
tile, despite adjustment for traditional risk factors, CRP, chronic kidney disease and 
levels of NT pro-BNP. Troponin elevation correlated with the presence of left ven-
tricular hypertrophy and left ventricular systolic dysfunction. The Atherosclerosis 
Risk in Communities (ARIC) study of 9698 participants 54–74 years of age free of 
vascular disease at baseline measured cTnT [ 11 ]. From the lowest to the highest 
quintile of cTnT there was a progressive increase in risk of death from cardiovascu-
lar disease, all-cause mortality and risk of heart failure during the follow up period.  

    How Do We Use High Sensitivity Troponin Assays? 

    High Sensitivity Troponin Assays in the Acute Hospital Setting 

 High sensitivity assays for routine clinical use are no different from conventional 
assays. They are an additional diagnostic modality and must be used in conjunction 
with clinical assessment the patient. A brief case history from the early days of 
troponin measurement illustrates this. 
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 A 25-year-old male was admitted to the ED following a fi ght. He complained of 
chest pain and gave a history of being stabbed in the chest. It was noted he had a 
penetrating wound in the 5th left intercostal space and a plain chest x-ray showed 
cardiac enlargement. Echocardiography confi rmed the presence of a large pleural 
effusion around the heart and he was prepared for emergency surgery. As part of his 
routine work up in addition to a renal and clotting profi le a cardiac profi le was also 
requested requested. It was noted by the consultant ED physician that he had an 
elevated cTnT. As the test is only been recently introduced the consultant ED physi-
cian contacted the laboratory to request interpretive advice, specifi cally at the patient 
had a myocardial infarction. The head of the laboratory (the author) explained to the 
ED physician that as myocardial injury had occurred due to the penetrating chest 
wound (also the cause of the chest pain!) this would be the cause of the troponin 
release. The patient was extremely unlikely to have had a myocardial infarction. 

 The measurement of the cTnT and cTnI by high sensitivity methods offers the 
advantages of more rapid diagnosis, the use of delta change and the use of gender 
specifi c cut-offs.  

    Rapid Diagnosis Using Conventional or Gender Specifi c 
Cut- Offs and Rapid Sampling Regimes 

 The superior diagnostic sensitivity of high sensitivity assays can be utilized by 
using sampling strategies involving measurement on admission and 3 h from admis-
sion. The evidence to support this has recently been reviewed by the UK National 
Institute of Clinical and health Excellence who have endorsed the use of two high 
sensitivity troponin assays (  https://www.nice.org.uk/guidance/dg15    ). Diagnosis is 
based on one or more values exceeding the 99th percentile together with a signifi -
cant change in the troponin value. An example of such an algorithm is illustrated in 
Fig.  3.1 . Addition of gender specifi c cut-offs will improve diagnostic accuracy in 
women. More accelerated diagnostic strategies based on measurement on admis-
sion and at 90 min or 2 h have also been proposed. The strategies are appropriate for 
low risk chest pain patients and are probably best when combined with a formal risk 
stratifi cation tool.

       Diagnostic Strategies Utilizing Limit of Blank or Limit 
of Detection of a High Sensitivity Assay 

 As high sensitivity troponin assays have a low value as limit of blank or limit of 
detection, a diagnostic strategy using a single troponin measurement on admission 
combined with clinical selection of a low risk group has been proposed as a means 
of rapid exclusion of MI. Patients who have a low risk score and a normal ECG and 
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a cardiac troponin below the limit of detection when measured using a high sensitiv-
ity assay are considered at low risk and discharged. Meta-analysis of existing stud-
ies has shown that the diagnostic accuracy of such an approach is probably clinically 
acceptable [ 12 ] but no prospective clinical trials have been undertaken of such a 
strategy.  

    Diagnostic Strategies Incorporating Delta Troponin 

 A very rapid rule out strategy based on a diagnostic discriminant plus the use of 
delta troponin has been proposed. This utilizes the low within individual impreci-
sion combined with the low analytical imprecision of high sensitivity troponin 
assays. Current evidence suggests that an absolute value for delta troponin is diag-
nostically more effi cient than a relative value (percentage change in troponin). 

Patient presenting with
chest pain?ACS

Normal/equivocal
ECG

Assess to exclude
other conditions

Risk stratification

cTn at
0,3 h

Initial cTn
<99th percentile

no significant change
at 3 h

Initial cTn
>99th percentile

no significant change
at 3 h

Initial cTn>99th
significant change at 3 h or

<99th percentile
significant change at 3 h

ETT or
non-invasive

imaging

Non ACS
troponin elevation

NSTEMI

  Fig. 3.1    Diagnostic algorithm using high sensitivity troponin measurement       
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The value for this absolute delta needs to be established for each individual high 
sensitivity troponin assay. As it is known that within individual variation for car-
diac troponin is of the order of 50–60 % the value corresponding to 50 % of the 
reference interval may be a useful pragmatic starting point. However, large-scale 
clinical validation of absolute troponin values remains a work in progress. 

 A preliminary study of such a strategy utilized measurement on admission and 1 
h from admission [ 13 ]. Patients were then divided into three groups. The fi rst group 
was those who had cTnT below 12 ng/L at presentation and an absolute delta less 
than 3 ng/L over 1 h. This corresponded to 56 % of the patients had a negative pre-
dictive value of 100 %. The second group was those who had an initial troponin 
greater than 52 ng/L and a Delta troponin of greater than 5 ng/L over 1 h. This 
accounted for 19 % of the patients and had a ruling positive predictive value 76 %. 
The remaining 24 % of patients were put in an intermediate category and went on 
for further diagnostic testing. The fi ndings of this study have been confi rmed in a 
subsequent multicenter evaluation.   

    Pitfalls of High Sensitivity Troponin Measurement 

 It has been recognized from the beginning of troponin measurements that elevation 
of cTnT and cTnI occur outside of the acute coronary syndrome population [ 14 ]. I 
improved sensitivity has proved to be a two-edged sword, as noted by Robert Jesse’s 
insightful statement  “when troponin was lousy assay it was a great test, but now 
that it’s a great assay it’s a lousy test”  [ 15 ]. 

 Although the range of other clinical conditions associated with a cardiac tropo-
nin above the 99th percentile is large and growing and may well be even larger with 
the advent of high sensitivity assays, these account for the minority of cases who 
present the chest pain where the differential diagnosis is of an acute coronary syn-
drome. It must be remembered that a troponin that remains below the 99th percen-
tile and does not change is an excellent negative predictive test but must always be 
combined with clinical assessment. If this is remembered the majority of patients 
can be rapidly assessed and MI ruled out.  

    High Sensitivity Troponin in the Outpatient or Primary Care 
Setting 

 High sensitivity troponin has shown itself to be a prognostic marker in the com-
munity setting. The potential may well be there to use high sensitivity troponin 
measurements as a way of identifying apparently low-risk individuals who are at 
high risk the future for cardiovascular events for intervention with preventative 
strategies. Current risk scoring algorithms are known to be good at identifying 
high-risk individuals and low risk individuals but not very good for those at 
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intermediate risk. It may be that measurement of cardiac troponin the high sensitiv-
ity assay will fulfi l this role. Data (so far only published as an abstract and pre-
sented) has shown that in the context of a randomized controlled trial of a statin, 
those randomized to treatment that had a fall in troponin levels had the best 
outcome.     
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    Chapter 4   
 Evaluation of Patients Presenting with Chest 
Pain in the Emergency Department: Where Do 
Troponins Fit In?                     
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    Abstract     Patients presenting to the Emergency Department with symptoms consis-
tent with possible acute cardiac ischaemia, particularly chest pain, are one of the 
most common patient groups presenting to Emergency Departments in the devel-
oped world. These patients account for approximately 10 % of Emergency 
Department presentations and up to 25 % of hospital admissions (Goodacre et al., 
Heart 91:229–230, 2005). Up to 90 % of these patients do not have a fi nal diagnosis 
of an acute coronary syndrome (ACS). This large group of patients consumes con-
siderable hospital resources with extensive investigations being common practice. 
Cardiac troponin is very important in this assessment process because traditionally, 
the large number of hospital admissions has been driven by a need to measure circu-
lating cardiac troponin on arrival at hospital and then again at a delayed period after-
wards. Historically, the second blood sample has been approximately 6 h or later 
after arrival or symptom onset. This timeframe has been used because early research 
on cardiac troponins suggested that troponin rises due to myocardial necrosis from 
acute myocardial infarction (AMI) were not reliably detectable until 6–12 h after 
symptom onset (Cooper et al., Chest pain of recent onset: assessment and diagnosis 
of recent onset chest pain or discomfort of suspected cardiac origin. London: 
National Clinical Guideline Centre for Acute and Chronic Conditions.   http://publi-
cations.nice.org.uk/chest-pain-of-recent-onset-cg95    . Accessed 15 Mar 2011, 2010).  
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   Patients presenting to the Emergency Department with symptoms consistent with 
possible acute cardiac ischaemia, particularly chest pain, are one of the most com-
mon patient groups presenting to Emergency Departments in the developed world. 
These patients account for approximately 10 % of Emergency Department presenta-
tions and up to 25 % of hospital admissions [ 1 ]. Up to 90 % of these patients do not 
have a fi nal diagnosis of an acute coronary syndrome (ACS). This large group of 
patients consumes considerable hospital resources with extensive investigations 
being common practice. Cardiac troponin is very important in this assessment pro-
cess because traditionally, the large number of hospital admissions has been driven 
by a need to measure circulating cardiac troponin on arrival at hospital and then 
again at a delayed period afterwards. Historically, the second blood sample has been 
approximately 6 h or later after arrival or symptom onset. This timeframe has been 
used because early research on cardiac troponins suggested that troponin rises due 
to myocardial necrosis from acute myocardial infarction (AMI) were not reliably 
detectable until 6–12 h after symptom onset [ 2 ]. 

 Most emergency departments are unable to keep such patients in acute resuscita-
tion areas in which they are initially assessed for this prolonged period of testing, and 
will need to transfer them either to some form of observation ward, or to an inpatient 
ward for these delayed troponin tests to be performed. The consequence of this delay 
in the second blood sample is that such patients often remain in hospital overnight. 

 The sequence of events (highlighted by roman numerals) for assessment of 
patients is often as follows: (i) the patient is initially seen by a triage nurse, (ii) is 
then seen by a fi rst emergency department nurse and (iii) assessed by an emergency 
department doctor. Following initial assessment and realisation that further, 
delayed, investigations are needed, the patient (iv) requires transfer to an observa-
tion area. If the patient is referred to an inpatient team they will be (v) moved to an 
inpatient ward where they will then be (vi) seen at some point by another acute 
in-patient doctor, sometimes two, such as the intern and the resident. The next 
morning the patient will then also be (vi) seen by an attending specialist on their 
ward round (with a resident and an intern) and a further plan will be made, often to 
initiate secondary testing such as Exercise Stress Test (EST) or Cardiac CT angi-
ography CTCA). It may be felt these investigations are best dealt with immediately 
and therefore the (vii) patient remains in hospital even longer while these are per-
formed. In addition to the steps described time multiple handovers occur between 
various doctors and many nursing shifts are involved with the patient care. Each of 
these handovers creates duplication and the potential for medical error through 
miscommunication. Thus, for the 85 % or more patients who will not fi nally have 
a diagnosis of AMI, there is considerable staff time, repetition and wastage occur-
ring. Additionally, most hospitals in developed nations suffer from in-patient bed 
shortages, bed block and delayed patient fl ow, resulting in patients accumulating in 
the ED. Bed Block is the principle reason for ED overcrowding which has a proven 
association with a number of adverse patient outcomes, including increased mor-
tality [ 3 – 7 ]. Recent data from 14 million patients showed an odds ratio of 1.79 for 
death in patients delayed in the ED for more than 6 h [ 8 ]. This problem also 
 contributes to high costs. In the USA, ED overcrowding is associated with costs 
exceeding several billion dollars per year and is a signifi cant health issue. A rapid, 
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reliable and reproducible process to identify early-discharge candidates at low 
short-term risk of missed major adverse cardiac events amongst this patient group 
is a global need [ 9 ]. Later in this chapter we will discuss diagnostic strategies that 
that aim to achieve this by enabling testing for cardiac troponin at earlier time-
points consequently avoiding prolonged observation of the patient. 

 As already mentioned, cardiac troponins are a cornerstone of this investigative 
process and the principal reason for prolonged observation in hospital. According to 
the fi rst, second and third universal defi nitions of myocardial infarction [ 10 ], cardiac 
troponin are a vital component for the diagnosis of an AMI. Therefore the process 
of conducting serial troponin investigations principally relates to the detection of 
those patients presenting who do have myocardial necrosis and are diagnosed as 
having a non ST segment elevation myocardial infarction (NSTEMI). Acute 
Coronary Syndromes consist of ST-elevation myocardial infarction (STEMI), non-
ST-elevation myocardial infarction (NSTEMI) and unstable angina (UA). The pro-
cess of conducting serial troponin testing does not rule out the possibility of UA. This 
is why further tests are often ordered following the serial troponin sampling. 

    Cardiac Troponins and Other Diagnostic Tools in the Initial 
Assessment of Patients with Possible Cardiac Ischaemia 
(Excluding Stemi) 

 The principal diagnostic parameters available during the initial phase of assessment 
are (i) clinical assessment information, (ii) ECG and (iii) cardiac troponins.

    (i)    A history will be taken and a bedside examination performed to some extent in 
all patients. It is important to remember that based on Bayes theorem, the inter-
pretation of any later test result is dependent upon the pre-test probability of the 
disease or outcome [ 11 ]. This is the rationale for always using pre-test probabil-
ity or risk assessment in conjunction with an investigation.     

 Traditionally, the probability of AMI has been determined using clinical acumen 
primarily involving historical variables and risk factors learnt at medical school and 
reinforced during clinical practice. Unfortunately, evidence suggests that neither 
symptomatic history nor presence of chronic risk factors for coronary artery disease 
are as predictive as initially thought, when used in the emergency-department con-
text [ 12 – 16 ]. In addition, the experience of the initial-assessing doctors in emer-
gency departments may vary considerably depending on the hospital setting (i.e. an 
academic department or a rural hospital). 

 As a result of this, the other early investigations (ECG and cardiac troponin) are 
especially important to help with accurate assessment.

    (ii)    Patients with clear ST segment elevation on an initial ECG form a separate 
diagnostic group that will fast-tracked for emergent care. Acute ischemic 
changes on the ECG such as ST depression and T wave inversion can be useful 
indicators of an ACS but can occur in both NSTEMI and unstable angina. 
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More importantly ischemic ECG changes are often absent in AMI which limits 
the reliability of ECG in helping rule-out AMI.   

   (iii)    Cardiac troponins form part of the defi nition of acute myocardial infarction 
and are both highly specifi c and highly sensitive for the assessment of AMI. The 
relative unreliability of both clinical and ECG fi ndings makes the results of the 
cardiac troponin tests especially important.     

 This chapter will now focus on how cardiac troponins are utilised in the assess-
ment of patients such as those with chest pain who are suspected of having an 
AMI.  

    Value of Combining Clinical Assessment with ECG 
and Cardiac Troponins 

 Given the relatively poor diagnostic performance of clinical fi ndings and ECG com-
pared to cardiac troponin in the assessment of patients with possible AMI one could 
be forgiven for wondering if these diagnostic parameters have any role at all apart 
from the detection of STEMI. ECG will always remain a key part of this assessment 
process as it is pivotal to the diagnosis of STEMI. What then of clinical assessment? 
Should one just rely upon ECG and cardiac troponin alone? Logic would suggest 
that no test should be used in isolation of the pre-test fi ndings and clinical scenario. 
For example, considerable caution should exercised in using ECG and cardiac tro-
ponins alone to rule-out AMI in a patient whom the clinician believes subjectively 
to be at very high risk of AMI. In addition, UA will not be diagnosed by using ECG 
and troponin testing alone.  

    Purpose and Steps in Evaluation of Patients with Symptoms 
of Possible Cardiac Ischaemia in the Emergency Department 

 The four categories below summarise the process involved in assessing a patient 
with symptoms due to a possible AMI. Each step has a possible role for cardiac 
troponin testing. 

    Early Detection of ST Elevation Acute Myocardial Infarction 
(STEMI) 

 Patients with symptoms suggestive of acute cardiac ischaemia should have an elec-
trocardiogram (ECG) performed almost immediately on arrival at hospital (and 
certainly within 10 min). This is to expedite the transfer of patients with STEMI to 
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the catheter lab (or to initiate drug thrombolysis and/or patient transfer in centres 
without access to acute percutaneous intervention). Occasionally, the ECG (and 
the clinical fi ndings) are inconclusive causing potential delays in transfer to the 
catheter lab. 

      Assessment for the Possibility of Other Acute Potentially Life- 
Threatening Diagnoses 

 Other conditions can mimic the symptoms of acute cardiac ischaemia and early 
assessment of patients with symptoms of possible AMI such as chest pain should 
include screening for other serious diagnoses including (but not limited to) thoracic 
aortic dissection, pulmonary embolism and pancreatitis. Cardiac troponin may be 
raised in such conditions or indeed any cause of systemic stress but is not a principal 
diagnostic modality in such circumstances. 

      Assessment for Possible Non-ST Elevation Myocardial 
Infarction (NSTEMI) 

 Patients with a NSTEMI require monitoring for the possibility of cardiac arrhyth-
mias, initiation of drug such as aspirin and beta blockers and usually angiography to 
detect critical coronary stenoses requiring intervention. 

 Rapid testing for cardiac troponin (e.g. using point of care assays) may 
occasionally have a role in these patients if the diagnosis of STEMI is unclear 
from the patient presentation or ECG. However clinicians should be extremely 
cautious in interpreting these results due to delays to troponin elevation in 
very early presenters and imprecision of the POC assays. 

 Cardiac troponin can provide useful prognostic information for such 
patients as a rising detectable troponin due to any other non-AMI condition is 
a poor prognostic sign. 

Cardiac troponin (supported where necessary with imaging) is the key 
diagnostic modality for detecting NSTEMI. Consequently cardiac troponin is 
also the most important test in ruling-out NSTEMI. This is important because 
as already mentioned, most patients presenting to the ED with possible car-
diac symptoms do not have an AMI or an ACS.
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      Assessment for Possible Unstable Angina and Underlying 
Coronary Artery Disease 

 After ruling out AMI further investigations are usually necessary to identify those 
patients likely to have unstable angina and/or needing further management interven-
tions for underlying critical coronary artery stenosis. This group is almost defi ned 
by the fact that cardiac troponin levels are below the diagnostic cut-off for AMI (the 
99th percentile of a healthy reference population). 

  Although troponin can provide useful information in all the scenarios described 
above, its principle role is in the detection of NSTEMI and this chapter will focus 
on this topic area.   

    Rule-out and Rule-in 

 In the introduction we discussed that most patients being assessed for possibly car-
diac chest pain in the emergency department do not have an AMI or an ACS. This 
means that the initial assessment is predominately focused on rule-out. This chapter 
will focus on rule-out strategies, however accurate rule-in of AMI is also 
important. 

    Rule-in 

 Investigations such as angiography are expensive and carry a risk to the 
patient. Ideally, almost all patients with positive test results leading to angiog-
raphy during chest pain work-up will be found to have critical coronary steno-
ses on angiography. Additionally, medications usually started after the 
diagnosis of AMI also have costs including side effects that make accurate 
rule-in of AMI important. The universal definition of myocardial infarction 
emphasises that a dynamic change in cardiac troponin levels should be present 
in order to diagnose AMI. This dynamic change is often described as the 
‘delta’. It is unclear exactly how much change is diagnostic and whether abso-
lute or relative change in cardiac troponin levels should be used. Absolute 

 It has become possible to detect very low levels of circulating cardiac tro-
ponin with increasing analytical accuracy and hence there has been increased 
identifi cation of patients with NSTEMI. The cohort of patients with UA has 
become smaller but still certainly exists. 
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change may be preferable because and large and potentially misleading rela-
tive changes are possible at low detection levels. It should also be noted that 
such dynamic change criteria would be specific to the assay used and time 
between blood samples.  

    Rule-out 

 As mentioned, rule-out of AMI in patients with chest pain is often a protracted pro-
cess. There has been considerable recent research on more rapid assessment strate-
gies. We will discuss how cardiac troponin is integrated into such ‘accelerated’ 
diagnostic processes.  

aa

bb

  Fig. 4.1    ( a ) What 
currently happens in many 
hospitals in the developed 
world when patients with 
possible acute coronary 
syndrome are assessed in 
the emergency department. 
( b ) The objective of an 
ADP is to facilitate the 
patient discharge as 
illustrated       
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    Rule-out: Traditional Management 

 Figure  4.1a  demonstrates what currently happens in many hospitals in the devel-
oped world when patients with possible acute coronary syndrome are assessed in 
the emergency department. In this illustration it has been assumed that the preva-
lence rate of ACS is approximately 20 %. The lightbulbs represent decision-making 
points by the attending clinician in which a decision is made to proceed to another 
investigation (e.g. exercise stress test or angiography), and/or discharge the patient. 
One can see that amongst those patients that do have ACS (who really do require 
admission to hospital and further investigations), a small number of patients may 
have decisions made at earlier time points such as 2 or 4 h after arrival at the ED that 
could lead to essentially unsafe discharge decisions. The proportion of patients 
(80 %) without ACS is noticeably larger and traditionally most of these patients 
remain in hospital (in ED or elsewhere) undergoing prolonged observation and test-
ing either on some sort of chest pain unit or on an inpatient ward.

       Rule-out: Accelerated Decision Making for Rule-out of AMI 

 Initial research in this area use the terminology: ‘accelerated diagnostic protocol’. 
This terminology is still used however there is some resistance to the concept of 
using protocols in medicine because it implies a certain rigidity. Subsequently, the 
expression accelerated diagnostic pathway has also been used and these processes 
are similar if not identical. Both these phrases are frequently abbreviated to the let-
ters ADP. Perhaps the best phrase of all to use would be ‘accelerated decision- 
making pathway’, described below. The objective of an ADP is to facilitate the 
patient discharge as illustrated in Fig.  4.1b . In this scenario, strategies to identify 
those patients at low and intermediate risk of coming to short term harm have been 
identifi ed. An ADP facilitates prompter diagnostic decisions through sampling 
blood at earlier time-points for cardiac troponin (cTn). This then allows clinicians 
to rapidly proceed to the same ‘next step’ in clinical management (such as cardiac 
stress test, imaging and/or discharge) as would have occurred using a more pro-
longed serial troponin testing time course to exclude AMI. 

 Case 1 
  A 64-year-old hospital porter who is fi t and well had a single 50-min episode of 
chest pain following earthquake tremor 2 h previously. The chest pain self- resolved 
and he had no other episodes. He had a medical history of hypothyroidism only 
and no cardiac risk factors. He was not on any regular medications and had an 
allergy to penicillin. Initial ECGs were normal and he had a cTnI on arrival of 
<0.01 μg/L (assay 99th percentile at 0.028 μg/L and 10 % CV at 0.032 μg/L). His 
TIMI (Thrombolysis In Myocardial Infarction) score for unstable angina or non 
ST elevation myocardial infraction  [ 17 ] ) was zero (i.e. low-risk).  
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       High Sensitivity Cardiac Troponin Assays 

    Do ‘High Sensitive’ Troponin Assays Provide an Advantage 
in the ED Over Analytically Less Sensitive Assays? 

 Patients  that do not have positive results using analytically less sensitive assays,  but 
that do have positive results (levels >99th percentile of a reference population) 
using highly sensitive (hs-cTn) assays are at an increased long-term risk of death 
and cardiac events [ 19 ]. Nonetheless, this is not necessarily of immediate and pri-
mary importance in the initial emergency department assessment for AMI. 

 Cardiac troponin assays with high sensitivity may more rapidly identify patients 
with an AMI, which may lead to the instigation of directed treatments at an earlier 
time point. However, it is still unproven that shortening the delay prior to targeted 
therapies will actually reduce morbidity and mortality in those with a non- diagnostic 
ECG (Non ST elevation AMI – NSTEMI). 

 What  is  of signifi cant relevance for the initial assessment of patients with chest 
pain is the possibility of using cardiac troponin assays to assist with earlier dis-
charge. Data suggests that using high sensitivity cardiac troponin assays may allow 
AMI to be detected earlier, i.e. 2–3 h after hospital attendance rather than more than 
6 h after attendance [ 20 ]. In the United Kingdom the National Institute for Health 
Care and Excellence (NICE) has recently released a diagnostics guidance for high 
sensitivity cardiac troponin assays [ 21 ]. It recommends that “the assays are recom-
mended for use with early rule-out protocols, which typically include a blood sam-
ple for cardiac troponin I or T taken at initial assessment in an emergency department 

  Usual management would have been for prolonged observation with blood 
taken for a second cTnI measurement 6–12 h after arrival but in this case he 
was managed using an accelerated diagnostic protocol as described in the 
ADAPT study  [ 18 ]. 

  His repeat cTnI at 2 hours after arrival was also <0.01 μg/L. He was then 
discharged home approximately 4 h after arrival at hospital and returned to 
the outpatient department for an exercise stress test the next day; which was 
normal. There were no follow-up adverse events.  

  Comment  
 Clearly this is a good outcome. Data from the ASPECT study [ 18 ] suggest 

that approximately 15 % of patients would be eligible for such an early dis-
charge strategy using a central laboratory troponin assay as the only bio-
marker. This is a step forward but it would be of greater value if a higher 
proportion of patients were eligible for early discharge. Further research is in 
progress using later generation cTn assays. It is hoped that it will be possible 
to use a slightly higher pre-test probability level for new risk scores on the 
basis that the newer assays are more sensitive. This would allow the incorpo-
ration of a broader and larger risk group of patients in a rule-out strategy. 
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and a second blood sample taken after 3 h”. Also recommended is that high sensitiv-
ity cardiac troponin assays be used in conjunction with electrocardiogram (ECG) 
for diagnosis of NSTEMI. Using such strategies could lead to opportunities for ear-
lier aggressive medical management and cardiac admission, as well as possible dis-
charge. However a recent publication has suggested that testing for troponin at 0 and 
4 h after arrival at hospital may not have suffi cient sensitivity for safe rule-out in all 
patients even when used in conjunction with the ECG and without any pre-test prob-
ability scoring [ 22 ].  

    Challenges with Interpretation of High Sensitivity Cardiac 
Troponin 

 High sensitivity cardiac troponin provide assays more analytically reliable results 
below the 99th percentile of the assay. As often happens in medicine, extra informa-
tion is usually a good thing but provide challenges too. This is illustrated by the 
cases below. 

 Case 2 (in 2 Parts) 
     (a)     A 63-year-old man presents to the ED with a history of 3 h of central chest 

pain radiating to left arm, starting at rest and sounding cardiac in nature. 
He has been pain-free after having some sublingual nitrate during a 
15 min ambulance journey from his offi ce. He had a similar episode of 
pain lasting 30 min the previous evening (10 h earlier) after running up 
some stairs. He is a current smoker with diabetes, and has a strong family 
history of early onset coronary artery disease. He has previously had a 
transient ischaemic attack and takes regular aspirin. His TIMI score is 3. 
His ECGs are normal. The local laboratory uses an hs-TnT assay and 
results at 0, 2 and 6 h after arrival at hospital are 4, 8 and 12 ng/L respec-
tively (assay 99th percentile at 14 ng/L and 10 % CV at 13 ng/L).      

  What Should Happen Next?  
 He has three hs-TnT samples with values below the 99th percentile but hs- 

TnT shows a 8ng/L or 200 % increase. Most emergency physicians would feel 
worried about the concerning presentation, risk profi le and rising high sensi-
tivity cardiac troponin levels, and would want further investigations before 
feeling comfortable with discharging the patient. Such testing could include 
further troponin measurement, a stress test or cardiac imaging.

    (b)     Now let us suppose instead that the same patient has two hs-TnT tests 
done at arrival and 6 h later. The 0 and 6 h hs-TnT results are 15 and 
16 ng/L respectively.      
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       Rises in High-Sensitivity Cardiac Troponin as a Result 
of Other Non-cardiac Diagnoses 

 It has been noted that a large number of causes of systemic and cardiac stress 
can lead to rises in cardiac troponin that are now detectable with the use of high- 
sensitivity cardiac troponin assays. As already mentioned, it is important the 
clinicians consider the possibility of other important diagnoses in the assess-
ment of patients with chest pain. An example of this is illustrated by the case 
below: 

 Case 3 
  A 75 year-old man presents to the hospital with left-sided chest pain and 
shortness of breath. He is a vague historian and fi nds it hard to describe the 
nature of the chest pain although it seems to get worse on exertion. He is a 
smoker and suffers from bowel cancer, but following several operations he 
has been in remission for 3 months. He has mild lower leg pain but no swell-
ing in his left calf. He is classifi ed as intermediate probability (28 %) of PE 
using the revised Geneva Score  [ 18 ]  .    His initial investigations include both 
troponins and a d-dimer which is 1200 (cut-off <250). His hs-cTn results at 0 
and 6 h are 15 and 25 ng/L (assay 99th percentile at 14 ng/L and 10 % CV at 
13 ng/L), respectively. He undergoes a CT pulmonary angiogram which 
shows multiple pulmonary emboli and mild cardiac septal bowing suggestive 
of right ventricular strain.  

  Comment  
 In this case a diagnosis of PE was made and further investigations for ACS 

will not be performed unless new symptoms or information arises. It is pos-
sibly useful to know that the presence of a raised cardiac troponin in conjunc-
tion with this patients pulmonary embolism put him at higher risk of 
complications from that pathology compared with a situation in which the 
cardiac troponin was not raised. 

  Comment  
 Now there are levels above the 99th percentile but minimal dynamic 

change. Once again it is likely that further investigations would be requested, 
either further troponin measurement, stress test or cardiac imaging before dis-
charging the patient. Such additional testing would also prove useful for 
deciding if AMI was present. Other investigation may be ordered to look for 
differential diagnoses. Sequential tests could be performed until more conclu-
sive results were available. 
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      Unstable Angina and Underlying Coronary Artery Disease 

 It has already been mentioned that the proportion of patients diagnosed with unsta-
ble angina has gradually decreased as the 99th percentile of cardiac troponin assays 
has fallen but that also there will still be a small and important number of patients 
that still have unstable angina and underlying critical coronary artery stenosis. It is 
important to remember this because as illustrated by the Global Registry of Acute 
Coronary Events registry (GRACE) study, patients with unstable angina also have a 
signifi cant medium-term risk of adverse event, and therapies including aggressive 
risk factor modifi cation can improve patients longer term risk profi le. 

 Two case examples of patients are described below: 

 Case 4 
 A 49 year old man attended the Emergency Department with a recent history 
of anterior central chest pain. The pain had started while he was at his desk at 
work and was not related to exertion. He had central anterior chest wall dis-
comfort which are described as dull and heavy and also sharp in nature. He 
was an extremely fi t man who participates in high level amateur cycling, exer-
cising vigorously almost daily. His TIMI score was zero. 

 He had no signifi cant past medical history, family history, or drug history. 
  Ongoing Management  
 He had blood drawn for contemporary cardiac troponin testing on arrival 

in the Emergency Department and 2 h later, with test results of 10 ng/L and 
10 ng/L respectively. The doctor assessing the patient decided to admit the 
patient for a third delayed troponin, the result of which was 60 ng/L (99th 
percentile for assay 40 ng/L). As a result of this he was referred to cardiol-
ogy services and underwent an angiogram which showed a 90 % stenosis of 
the circumfl ex artery. He underwent cardiac stenting and made a good 
recovery 

  Comment  
 This case was reviewed by faculty at the hospital to see if there are any 

clear lessons to learn from the case. The consensus was that apart from the 
physician’s gestalt impression that the patient required a third troponin sam-
ple that there were no key features in the case that obviously indicated that 
such a third sample was needed. This case illustrates that there will always be 
some small number of patients for whom initial troponin levels will be nega-
tive but for whom there may be rises later due to a small NSTEMI, even in low 
risk patients. It is possible that one of the initial troponin tests may have been 
positive if a high-sensitivity troponin assay had been used. 
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 Case 5 
 A 60-year-old man presented to the emergency department following a 30 min 
episode of heavy central chest pain. This occurred during a very stressful 
period of time at work but had not been related to exertion. He had had a simi-
lar episode approximately 3 days before, but none previously. The pain did 
not radiate and symptoms were not associated with diaphoresis. He was now 
feeling well. He had been previously well apart from mild hypothyroidism not 
requiring treatment. He had no family or signifi cant drug history. The pain 
had occurred approximately 3.5 h prior to attendance at the emergency depart-
ment. Other history and physical examination were unremarkable and is ECG 
was normal. He had blood drawn for troponin testing on arrival and after 3 h 
and the results of both these tests were the below the level of detection for the 
assay which was 10 ng/L. His Thrombolysis In Myocardial Infarction (TIMI) 
score was zero and he was discharged after approximately 4 h in hospital with 
an exercise treadmill test scheduled for the next day. 

 He remained asymptomatic until the treadmill which had to be stopped 
after 9 min because of heavy chest pain similar to the previous day. He had 
some early equivocal but non-diagnostic changes in his ST segments. A resi-
dent was called to review the test results and this doctor reported them as 
normal. The patient was discharged home. 

 Seven days later the patient be presented to hospital with more chest pain 
and an ECG showing an ST segment elevation myocardial infarction. 
Angiography showed a 90 % stenosis of his left anterior descending artery. 
During stenting there was a partial dissection of this artery which led to a 
ventricular fi brillation arrest which was terminated with a single DC shock. 
The patient spent 3 days in the cardiac intensive care unit subsequently made 
a good recovery and was completely well normal functionality and asymp-
tomatic after 3 months. 

  Comment  
 This case again illustrates that even in low risk patients that the initial car-

diac component tests can be negative in the presence of serious underlying 
coronary artery stenosis. It is not known if high-sensitivity cardiac troponins 
would have been raised this patient. It is also evident that the interpretation of 
the exercise treadmill test by the resident attending the patient was incorrect. 
Some ways, this case illustrates that secondary investigations: haemodynamic 
such as exercise stress tests or imaging based tests such as cardiac CT may 
still be necessary even in low risk patients. It is also worth noting that on case 
review hospital faculty felt that this patient should probably have been catego-
rised as having crescendo angina because of the previous episode of chest 
pain 3 days before. 

4 Evaluation of Patients Presenting with Chest Pain in the Emergency Department



54

      Summary 

 This chapter has described the process and diffi culties associated with the initial 
assessment of patients with chest pain which is suspected to be due to acute cardiac 
ischaemia and possible AMI. Cardiac troponin is the most powerful diagnostic tool 
that a clinician has available and is used in conjunction with clinical pre-test prob-
ability assessment and ECG. 

 Traditionally, delayed troponin testing regimes have been used which have 
resulted in prolonged stays in hospital for patients. Recently, rapid diagnostic strate-
gies have emerged along with high-sensitivity cardiac troponins which facilitate 
diagnostic pathways which allow earlier rule out of AMI. 

 High sensitivity cardiac troponins are more analytically reliable in low detection 
ranges blow the 99th percentile and research is ongoing as to how best use and inte-
grate this information into optimal clinical practice. It is advised that the troponin 
results are always used in conjunction with a thorough clinical assessment including 
ECG testing and structured determination of pre-test probability preferably utilizing 
a validated risk score.     
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    Chapter 5   
 Using Cardiac Troponins in Patients 
with Acute Myocardial Infarction                     

     Johannes     Mair       and     Kristian     Thygesen     

    Abstract     Cardiac troponin I (cTnI) and cardiac troponin T (cTnT) have evolved as 
the new laboratory criterion standards for the diagnosis of myocardial injury with 
necrosis and thereby replaced creatine kinase isoenzyme MB (CKMB) as the bio-
marker of choice in the Universal Defi nition of Myocardial Infarction. Over the last 
two decades the analytical sensitivities of troponin assays have been constantly 
improved which has resulted in an improved early diagnostic sensitivity of these 
cardiac biomarkers for the diagnosis of acute myocardial infarction (AMI). The 
most recent assays, the so called “high-sensitivity” cardiac troponin assays, have 
made it possible to introduce rapid rule-out and rule-in protocols for AMI in daily 
practice. Moreover, the time course of troponin release is greatly infl uenced by the 
situation depending on whether early reperfusion of the infarct-related coronary 
artery is achieved exposing an earlier cTn peak value around 12 h from symptom 
onset as an expression of emerged reperfusion of the myocardium supplied by this 
artery. Both cTnI and cTnT show a biphasic release pattern displaying a second 
peak 4–6 days after the onset of AMI. That is usually more pronounced for 
cTnT. Furthermore, the amount of troponin release correlates with infarct size and 
with the prognosis of AMI.  
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   Cardiac troponin I (cTnI) and cardiac troponin T (cTnT) are the biomarkers of 
choice for the diagnosis of myocardial injury with necrosis, because they are the 
most sensitive and cardiac-specifi c biomarkers currently available [ 1 ,  2 ]. Over the 
years the analytical sensitivity of cardiac troponin (cTn) assays has improved con-
tinuously and more recently, a new generation of cTn assays, i.e., the high- sensitivity 
(hs) cTn assays, have been introduced into routine clinical practice [ 2 ]. It is impor-
tant to note, that these assays measure the same analyte as previous assay genera-
tions but with substantially improved analytical sensitivity and assay precision at a 
low measuring range [ 2 ]. From a clinical perspective it has been noted that the 
improved analytical performance of hs-cTn assays also increased their clinical abil-
ity to detect small amounts of myocardial injury with necrosis and to more precise 
identifi cation of small differences in cTn concentrations in serial testing compared 
with previous cTn assay generations [ 2 ]. Thereby hs-cTn assays improve early diag-
nosis of acute myocardial infarction (AMI). However, hs-cTn is also more sensitive 
for the detection of myocardial injury unrelated to acute myocardial ischemia. 
Therefore, the increase in early diagnostic sensitivity of hs-cTn assays for AMI 
comes at the cost of a reduced AMI specifi city, because more patients with other 
causes of acute or chronic myocardial injury without overt myocardial ischemia are 
detected than with previous cTn assays, which is a challenge in daily routine use. 

    Early Diagnosis of Acute Myocardial Infarction by Novel 
Rapid Algorithms 

 Patients presenting with suspected AMI are a major subset of patients presenting to 
the Emergency Department (ED). However, the majority will fi nally have other 
often benign disorders. Accordingly, rapid rule-out of AMI is an important task in 
chest pain patients. Assays of hs-cTn detect cTn release at an earlier time point than 
the previous generations of cTn assays and thus reduce the “troponin-blind” inter-
val. This permits the implementation of more rapid algorithms for the evaluation of 
patients with clinically suspected AMI. 

 According to the recent European Society of Cardiology (ESC) guideline for 
the management of acute coronary syndrome (ACS), blood samples should be 
obtained at the time of the ED presentation and 3 h or alternatively even only 1 h 
after admission when using hs-cTn assays [ 3 ]. In low-risk patients presenting more 
than 6 h after chest pain onset, a single hs- cTn test result at presentation is consid-
ered to be suffi cient for ruling out AMI. However, the exact onset of symptoms is 
often diffi cult to determine in clinical practice and ED physicians must be cautious 
about applying the 6 h threshold for single blood sampling. This strategy may be 
applied when the initial electrocardiogram (ECG) has ruled-out ST-segment eleva-
tion and all available clinical information (e.g., chest pain characteristics, ECG 
changes) including detailed clinical assessment and overall cardiovascular risk 
have been taken into consideration. Observation time in the ED may be reduced 
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regarding rule-out of AMI in low-risk patients (without ongoing symptoms and a 
Global Registry of Acute Coronary Events [GRACE] score <140), because patients 
with an AMI can be reliably identifi ed within 3 h after admission with close to 
100 % sensitivity and negative predictive value when using a hs-cTn assay. As 
regards the decision limit for the AMI diagnosis it is recommended to apply the 
upper reference limit (URL) defi ned as the 99th percentile value of cTn concentra-
tions measured in a healthy reference population [ 1 ,  2 ,  4 ]. 

 It is worth noting that due to the higher sensitivity of hs-cTn assays for the detec-
tion of small myocardial injuries a signifi cant number of patients with unstable 
angina migrates from that designation to the AMI category [ 5 ]. However, even by 
measurement with hs-cTn assays, cTn test results cannot rule out signifi cant coro-
nary artery disease (CAD), if it does not cause acute myocardial injury (Fig.  5.1 ). 
Consequently, if the clinical situation is ambiguous and the pre-test likelihood of 
CAD is high or in early presenters within 2 h from symptom onset, additional sub-
sequent sampling (e.g., at 6 h and even beyond) and/or stress testing or CAD imag-
ing (e.g., stress echocardiography, myocardial scintigraphy, computed tomography 
coronary angiography) is still necessary to rule out signifi cant CAD. Provided that 
these conditions are met rapid AMI rule-out protocols with early discharge from the 
ED are safe and furthermore, other serious diseases causing chest pain, e.g., pulmo-
nary embolism and aortic dissection may not be missed.

  Fig. 5.1    A patient with 1-vessel coronary artery disease but normal admission high-sensitivity 
cardiac troponin T. This 59 year-old male had known arterial hypertension. He had a short episode 
of angina the day before admission. On admission he had no angina symptoms. The physical 
examination was normal except for a slightly elevated systolic blood pressure (150/80 mmHg). 
The resting ECG was normal. The high-sensitivity cardiac troponin T concentration was 8 ng/L 
(99th percentile URL = 14 ng/L). Elective coronary angiography revealed 1 vessel coronary artery 
disease with signifi cant proximal stenosis of the RCA (marked with  white circle ). Abbreviations: 
 RCA  right coronary artery       
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       Clinically Relevant Changes of hs-cTn Assay Concentration 
in Serial Testing 

 With respect to the clinical evaluation of chest pain patients serial testing of cTn is 
needed to evaluate the cTn kinetic [ 1 ,  2 ,  4 ]. According to the Universal Defi nition of 
Myocardial Infarction, at least two measurements of cTn are needed to verify a 
kinetic pattern [ 4 ]. Even in patients with pre-existing elevated hs-cTn values a signifi -
cant change must be documented by serial measurements in order to demonstrate 
acute myocardial injury with necrosis. In general, most AMI patients have substantial 
changes of cTn values, i.e., the larger the cTn change, the higher the likelihood for the 
presence of AMI. However, it must be emphasized that dynamic cTn changes are not 
specifi c for AMI but are rather indicative of ongoing myocardial injury (Fig.  5.2 ).

   Previously, the criteria for a signifi cant change have only taken the analytical 
variation into account. Thus, based on a total analytical coeffi cient of variation (CV) 
<10 %, changes of serial cTn measurements >20 % have been considered to be sig-
nifi cant for additional myocardial injury. This high analytical precision that is 
required to implement this approach is not present within the reference range for 
hs-cTn assays [ 2 ]. In addition, biological variation including diurnal rhythmicity 
needs to be considered for hs-cTn as well [ 2 ,  6 ]. Changes of hs-cTn measurements 

  Fig. 5.2    The course of high sensitivity cardiac troponin T concentrations in a patient with and a 
patient without early reperfusion of the infarct-related coronary artery as compared to the troponin 
T kinetics in a patient with peri/myocarditis. ( A ) Successful primary PCI of a proximal LAD occlu-
sion with a short delay from symptom onset of approximately 3 h. A rapid and very high early peak 
hs-cTnT value around 12 h is observed due to “wash-out” phenomenon. ( B ) Subacute successful 
primary PCI of an occlusion of a small LAD with a delay >24 h from symptom onset. Because of 
the late reperfusion of the infarct related coronary artery the peak of cTn values is delayed. The 
importance of an early tissue reperfusion of the infarcted myocardium for cTn release is obvious. 
( C ) Pronounced myocardial injury with necrosis in a 31 year-old male with acute peri/myocarditis, 
which has been verifi ed by magnetic resonance imaging of the heart. Coronary artery disease was 
ruled out by acute coronary angiography. Be aware of the log transformation of the presented cTnT 
values. Abbreviations:  hs-cTnT  high sensitivity troponin T,  PCI  percutaneous coronary interven-
tion,  LAD  left anterior descending coronary artery       
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near the 99th percentile upper reference limit (URL) must exceed the conjoint ana-
lytical and biological variation to be of clinical signifi cance. This is ensured by 
calculation of the so-called reference change values (RCV). These RCV values 
being assay and analyte specifi c must be obtained separately for each commercially 
available hs-cTn assay. For many of those the short-term RCVs are in the range of 
40–60 % [ 2 ]. It is important to stress, that performance data for relative and absolute 
concentration changes are always hs-cTn assay specifi c. 

 However, there is a trade-off between sensitivity and specifi city for the diagno-
sis of AMI when establishing the decision limit. Recently, it was demonstrated 
when evaluating serial changes using a pre-marketing version of the Abbott® hs-
cTnI assay in pre-selected chest pain unit patients that an elevation of hs-cTnI 
values above the 99th percentile URL and with relative increases of >250 % over a 
3 h period in patients with baseline values < URL as well as increases >50 % with 
modestly increased baseline values have optimized the specifi city for the AMI 
diagnosis [ 7 ]. As expected, higher cTnI sensitivities were found at lower percent-
age changes of the cTnI concentrations. Hence, the selection of criteria for change 
limits for the AMI diagnosis will differ depending on whether there is a need for 
high specifi city at the cost of lower sensitivity or increased sensitivity at the cost of 
lower specifi city. Clinicians must be aware of this trade-off in evaluating individual 
patients. 

 As regards the evaluation of absolute versus relative changes in serial testing or 
whether the diagnostic performances of a percentage change would differ from an 
absolute change of hs-cTn concentrations, has been tested recently with the hs- 
cTnT assay. It was shown that in case of hs-cTnT values below or close to the 99th 
percentile URL, an absolute increase of hs-cTnT values (e.g., >7 ng/L over 2 h) is 
superior to a relative percentage changes from baseline [ 8 ]. In addition, the study 
design (e.g., AMI prevalence, blood sampling protocol) may infl uence the perfor-
mance data of algorithms and optimal decision limits for absolute or relative changes 
in serial testing. Thus, there may be substantial differences if an algorithm, which 
has been developed in a high-risk population (e.g., a chest pain unit population or 
pre-selected ED chest pain patients), is applied in a low-risk everyday general ED 
population with an AMI prevalence in the range of 5–10 %. 

 Despite these limitations when gathering data from the literature into a solitary 
algorithm, the model in Fig.  5.3  is suggested to be applied for the evaluation of 
patients being suspect for AMI based on the use of hs-cTn serial testing. Although 
the algorithm pretends to bring all published clinical data for hs-cTnI and hs-cTnT 
together, it should be pointed out that an individually assay-specifi c algorithm may 
function better for special hs-cTn assays.

       Timing of hs-cTn Measurements in Serial Testing 

 Although an interval of 3 h for cTn sampling is still recommended in patients who 
are admitted at the ED with chest pain, further algorithms with shorter periods of 
sampling (i.e. 2 h and even 1 h) have been examined: 
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    Diagnostic Value of a Single hs-cTn Measurement 

 Undetectable hs-cTn concentration at admission has a very high negative predictive 
value (NPV) of (98–100 %) for AMI [ 9 ,  10 ]. Besides, the aggregated sensitivities 
and specifi cities are 89.5 % and 77.1 %, respectively at the URL of 14 ng/L of hs- 
cTnT (Roche Diagnostics®) [ 10 ]. Likewise, the commercially available hs-cTnI 
assay (Abbott Diagnostics®) yields comparable values at the URL with an aggre-
gated sensitivity of 80 % and an aggregated specifi city of 93 %[ 11 ]. So, when evalu-
ating a single admission sample of cTn a low rule-out limit and a higher rule-in 
threshold for the diagnosis of AMI could be used. Aside from this rule, a higher 
rule-in limit may be applied in the elderly (>70 years) and in case of hs-cTnT in 
patients with renal failure [ 12 ].  

Admission
hs-cTn

hs-cTn at 3 h

AMI
very unlikely

Acute
myocardial

injury

AMI

<LoD >URL and ≤≤2 x URL ≤ ≤ URL > 2 x URL

Increase >100% and
value >URL

Increase >50 % Increase >20 %

Evidence of
acute myocardial

ischemia*

  Fig. 5.3    Algorithm for rapid evaluation of clinically suspected acute myocardial infarction with 
high-sensitivity cardiac troponin testing. This approach assures that the changes will be at least 
above the analytical and biological variation of hs-cTnI and hs-cTnT values, respectively. 
*Evidence of acute myocardial ischemia by new ECG changes and/or new imaging corrobora-
tions. Abbreviations:  hs-cTn  high-sensitivity cardiac troponin,  URL  99th percentile upper refer-
ence limit of healthy controls,  AMI  acute myocardial infarction,  LoD  lower limit of detection       
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    Diagnostic Value of hs-cTnT Measurements Based on a 2 h 
Algorithm 

 A study that included chest pain patients with hs-cTnT values <14 ng/L at 0 and 2 h 
with an increase <4 ng/L has revealed a very high NPV for AMI of 99.5–99.9 % 
(95 % confi dence interval) [ 13 ]. Furthermore, it was shown that AMI could be 
ruled-out safely even in patients with mild, unspecifi c ECG abnormalities which 
often are pre-existing. These fi ndings permit rapid rule-out of the diagnosis of AMI 
in up to 60 % of patients suspected as having AMI. Moreover, it also has a rule-in 
part (hs-cTnT values >52 ng/L at 0 or 2 h and an increase >10 ng/L from baseline 
to 2 h) that provides a high positive predictive value (PPV) of 85 % for the rule-in of 
AMI. However, a signifi cant proportion (approximately 20 %) of “grey zone” 
patients remains standing in whom additional blood sampling is required. Even 
though this algorithm has been derived from a high-risk population (AMI preva-
lence of 16 %) it has been successfully validated in a low risk population (AMI 
prevalence of 9 %) as well [ 13 ].   

    Do We Need Additional Biomarkers Beyond hs-cTn 
for the Diagnosis of AMI? 

 The most marketed biomarkers beyond hs-cTn for the early diagnosis of AMI are 
heart-type fatty acid binding protein (H-FABP) and copeptin. However, the majority 
of studies regarding that have been comparisons with the prior less sensitive cTn 
assays only. More recent comparative data with hs-cTn assays do not support a 
clinical relevant benefi t of these biomarkers when combined with hs-cTn measure-
ments [ 14 – 16 ].  

    Monitoring and Risk Stratifi cation by Serial hs-cTn Testing 
in AMI 

 In patients with AMI, cTn concentrations rise rapidly after symptom onset and 
remain elevated usually several days and even 1–2 weeks in more extended AMI 
due to ongoing proteolysis of the contractile apparatus [ 17 ]. The time course of cTn 
release is greatly infl uenced by the situation as to whether early reperfusion of the 
infarct-related coronary artery can be achieved with an earlier and higher peak value 
around 12 h from onset of symptom in case of emerged tissue reperfusion of the 
myocardium perfused by this artery (Fig.  5.2 ) [ 17 ]. It appears that cTnT as well as 
cTnI show a biphasic release pattern displaying a second peak several days (4–6d) 
after AMI, which usually are more pronounced for cTnT. This second peak should 
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not be misinterpreted as a reinfarction in uncomplicated AMI patients. Furthermore, 
the amount of cTn release correlates with infarct size and with the prognosis of AMI 
patients [ 18 ].  

    Conditions with hs-cTn Elevations Other Than Caused 
by AMI 

 Given the high frequency of detectable elevated hs-cTn values in patients admitted 
to the ED [ 9 ], especially in patients with cardiovascular comorbidities, it is worth 
mentioning that an elevated hs-cTn concentration alone is insuffi cient to make the 
diagnosis of AMI [ 1 ,  2 ,  4 ]. Every hs-cTn elevations should be interpreted in the 
context of the clinical circumstances (Fig.  5.4 ). Regardless of the cut-off value used 
for ruling in AMI, the critical distinction that remains to be made is to determine 
whether there is a signifi cant rising pattern of hs-cTn values in serial testing as an 
indicator of acute myocardial injury with necrosis (see above). Chronically elevated 
hs-cTn values without signifi cant changes during the observation period are often 
detected in patients with cardiac diseases other than CAD [ 1 ,  2 ]. Slightly elevated 
stable hs-cTnT concentrations are commonly found in patients with renal failure [ 1 , 
 12 ]. However, even if there is unequivocal evidence for acute myocardial injury, 
clinical judgement still remains essential to assess whether acute myocardial isch-
emia is the most likely underlying cause. Only if the latter condition is present an 
AMI may be diagnosed (Figs.  5.3  and  5.4 ) [ 1 – 4 ].

       Type 2 MI Versus Non-ischemic Myocardial Injury 
with Necrosis 

 The categorization of patients into types of myocardial infarction was initiated in 
2007 in an attempt to make sure that there was a distinction between individuals 
who might need urgent treatment from what is most often an event associated with 
acute plaque rupture (MI type 1) from those who could have ischemic myocardial 
necrosis in a clinical setting coexistent with an acute supply/demand oxygen imbal-
ance without plaque rupture (MI type 2) [ 19 ]. However, to distinguish type 2 MI 
from non-ischemic myocardial injury with necrosis represents another challenging 
problem for the clinician. Non-ischemic myocardial injuries are common in patients 
with severe illness as for example sepsis [ 20 ]. 

 It appears that the peak cTn concentrations are signifi cantly lower in AMI type 2 
compared with patients with type 1 AMI, independent of the type of biomarker used 
[ 21 ,  22 ]. On the other hand, patients with non-ischemic myocardial injury with 
necrosis often have modestly elevated cTn levels but usually without a rise and/or 
fall indicating protracted injurious effect to the myocardial tissue [ 20 ]. 
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 However, regardless of the cause, elevations of hs-cTn values are associated with 
an adverse clinical outcome in most clinical conditions, as in patients with AMI, 
stable CAD, heart failure, pulmonary embolism or chronic pulmonary arterial 
hypertension [ 2 ,  23 ,  24 ].  

    Critical Clinical Concepts Regarding the Use of cTn in AMI 

     1.    The 99th percentile concentration of the reference population should be used 
as the cTn URL indicating the decision limit for the diagnosis of AMI. In 
patients with clinically suspected AMI, the lower detection limit (LoD) of hs-
cTn assays is a useful cut-point for ruling-out AMI with a negative predictive 
value >99 %.   

   2.    The detection of acute myocardial injury with necrosis requires a signifi cant 
elevation of hs-cTn values with serial testing. At low cTn baseline concentra-
tions (≤99th percentile URL) the change in serial testing in order to be clinically 
signifi cant requires an elevation >100 % provided being above the URL. In case 
of borderline elevated baseline values (>URL and ≤2 times URL) a change 
>50 % should be considered clinical signifi cant. In the event of markedly ele-
vated baseline values (>2 times URL), a change >20 % in the serial testing is 
suffi cient to be called clinical signifi cant. However, it may turn out that for some 
hs-cTn assays an absolute assay-specifi c concentration change functions better 
than a relative change.   

   3.    When hs-cTn assays are employed routinely, an additional testing using other 
biomarkers for acute detection of myocardial necrosis such as myoglobin, CKMB, 
or H-FABP is unnecessary. Copeptin testing adds very little as well, particularly if 
the LoD is used as an early AMI rule-out limit for the hs-cTn assays.   

   4.    Blood sampling at a single time point only for cTn measurement is not recom-
mended. Blood sampling for hs-cTn testing in patients with suspicion of AMI 
should be performed on admission and at an interval of 3 h later. However, recent 
studies show that algorithms based on shorter blood sampling intervals, e.g., on 
admission and after 1 or 2 h work as well. Nevertheless, measurements of hs-cTn 
must be repeated at 6 h after admission in patients of whom the 3 h (or 1-2 h) 
values are unchanged but in whom the clinical suspicion of AMI is still high. In 
patients with chest pain who are admitted after 6 h following onset of symptoms, 
subsequent blood sampling (e.g., after 12 h) is also needed to document a signifi -
cant change of cTn [ 19 ]. In addition, serial cTn testing provides information as 
to whether tissue reperfusion has occurred and moreover, the amount of cTn 
release correlates with infarct size.   

   5.    Cardiac troponin is a marker of myocardial injury with necrosis but not a specifi c 
marker for AMI, of which the criteria require a rise and/or fall of cTn values 
together with characteristic symptoms, and/or ECG changes indicative of isch-
emia or imaging evidence of acute myocardial ischemia. A number of non- 
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ischemic reasons for acute myocardial injury with necrosis are for example acute 
heart failure, myocarditis, pulmonary embolism or myocardial trauma [ 4 ].   

   6.    Stable or inconsistently variable cTn elevations without signifi cant dynamic 
changes are likely markers of chronic structural heart disease provided that ana-
lytical interferences (which are rare) have been ruled out.         

  Disclosure of Potential Confl icts of Interests   In the past year Dr Mair has received minor con-
sulting fees from Philips Health Care Incubator.  

   References 

          1.    Thygesen K, Mair J, Katus H, Plebani M, Venge P, Collinson P, Lindahl B, Giannitsis E, Hasin 
Y, Galvani M, Tubaro M, Alpert JS, Biasucci LM, Koenig W, Mueller C, Huber K, Hamm C, 
Jaffe AS, Study Group on Biomarkers in Cardiology of the ESC Working Group on Acute 
Cardiac Care. Recommendations for the use of cardiac troponin measurement in acute cardiac 
care. Eur Heart J. 2010;31:2197–204.  

               2.    Thygesen K, Mair J, Giannitsis E, Mueller C, Lindahl B, Blankenberg S, Huber K, Plebani M, 
Biasucci LM, Tubaro M, Collinson P, Venge P, Hasin Y, Galvani M, Koenig W, Hamm C, 
Alpert JS, Katus H, Jaffe AS, the Study Group on Biomarkers in Cardiology of the ESC 
Working Group on Acute Cardiac Care. How to use high-sensitivity cardiac troponins in acute 
cardiac care. Eur Heart J. 2012;33:2252–7.  

    3.   Roffi  M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax JJ, Borger MA, 
Brotons C, Chew DP, Gencer B, Hasenfuss G, Kjeldsen K, Lancellotti P, Landmesser U, 
Mehilli J, Mukherjee D, et al.; Management of Acute Coronary Syndromes in Patients 
Presenting without Persistent ST-Segment Elevation of the European Society of Cardiology. 
Eur Heart J. 2016;37:267–315.  

         4.   Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD; Writing Group on 
the Joint ESC/ACCF/AHA/WHF Task Force for the Universal Defi nition of Myocardial 
Infarction, et al.; ESC Committee for Practice Guidelines (CPG), Alpert JS, Jaffe AS, Simoons 
ML, Chaitman BR, White HD on behalf of the Joint ESC/ACCF/AHA/WHF Task Force for 
the Universal Defi nition of Myocardial Infarction. Third universal defi nition of myocardial 
infarction. Eur Heart J. 2012;33:2551–67.  

    5.    D’Souza M, Sarkisian L, Saaby L, Poulsen TS, Gerke O, Larsen TB, Diederichsen AC, 
Jangaard N, Diederichsen SZ, Hosbond S, Hove J, Thygesen K, Mickley H. The diagnosis of 
unstable angina pectoris has declined markedly with the advent of more sensitive troponin 
assays. Am J Med. 2015;128(8):852–60.  

    6.    Klinkenberg LJJ, van Dijk J-W, Tan FES, van Loon LJC, van Dieijen-Visser MP, Meex 
SJR. Circulating cardiac troponin T exhibits a diurnal rhythm. J Am Coll Cardiol. 
2014;63:1788–95.  

    7.    Keller T, Zeller T, Ojeda F, Tzikus S, Lillpopp L, Sinning C, Wild P, Genth-Zotz S, Warnholtz 
A, Giannitsis E, Möckel M, Bickel C, Peetz D, Lackner K, Baldus S, Münzel T, Blankenberg 
S. Serial changes in highly sensitive troponin I assay and early diagnosis of myocardial infarc-
tion. JAMA. 2011;306:2684–93.  

    8.    Reichlin T, Irfan A, Twerenbold R, Reiter M, Hochholzer W, Burkhalter H, Bassetti S, Steuer 
S, Winkler K, Peter F, Meissner J, Haaf P, Potocki M, Drexler B, Osswald S, Mueller C. Utility 
of absolute and relative changes in cardiac troponin concentrations in the early diagnosis of 
acute myocardial infarction. Circulation. 2011;124:136–45.  

     9.    Hammerer-Lercher A, Ploner T, Neururer S, Schratzberger P, Griesmacher A, Pachinger O, 
Mair J. High-sensitivity cardiac troponin T compared with standard troponin T testing on 

5 Using Cardiac Troponins in Patients with Acute Myocardial Infarction



68

emergency department admission: how much does it add in everyday clinical practice? J Am 
Heart Assoc. 2013;2:e000204. doi:  10.1161/JAHA.113.000204    .  

     10.    Zhelev Z, Hyde C, Youngman E, Rogers M, Fleming S, Slade T, Coelho H, Jones-Hughes T, 
Nikolaou V. Diagnostic accuracy of a single baseline measurement of Elecsys troponin T high 
sensitive assay for the diagnosis of acute myocardial infarction in emergency department: 
systematic review and metaanalysis. BMJ. 2015;350:h15. doi:  10.1136/bmj.h15    .  

    11.   National Institute for Health and Care Excellence: Myocardial infarction (acute): early rule out 
using high sensitivity troponin tests (Elecsys troponin T high-sensitive; Architect STAT high 
sensitive troponin I and AccuTnI + 3 assays), NICE. 2014. (Available at   www.nice.org.uk/
guidance/dg15    ).  

     12.    Chenevier-Gobeaux C, Meube C, Freund Y, Wahbi K, Claessens YE, Doumenc B, Zuily S, 
Riou B, Ray P. Infl uence of age and renal function on high-sensitivity cardiac troponin T diag-
nostic accuracy for the diagnosis of acute myocardial infarction. Am J Cardiol. 
2013;111:1701–7.  

     13.    Reichlin T, Cullen L, Parsonage WA, Greenslade J, Twerenbold R, Moehring B, Wildi K, 
Mueller S, Zellweger C, Mosimann T, Gimenez MR, Rentsch K, Osswald S, Müller C. Two- 
hour algorithm for triage toward rule-out and rule-in of acute myocardial infarction using 
high-sensitivity cardiac troponin T. Am J Med. 2015;128:369–79.  

    14.    Reiter M, Twerenbold R, Reichlin T, Mueller M, Hoeller R, Moehring B, Haaf P, Wildi K, 
Merk S, Bernhard D, Mueller CZ, Freese M, Freidank H, Campodarve Botet I, Mueller 
C. Heart-type fatty acid-binding protein in the early diagnosis of acute myocardial infarction. 
Heart. 2013;99:708–14.  

   15.    Lipinski MJ, Escarcega RO, DÀscenzo F, Magalhaes MA, Baker NC, Torguson R, Chen F, 
Epstein SE, Miro O, Liorens P, Giannitsis E, Lotze U, Lefebre S, Sebbane M, Cristol JP, 
Chenevier-Gobeaux C, Meune C, Eggers KM, Charpentier S, Twerenbold R, Mueller C, 
Biondi-Zoccal G, Waksman R. A systematic review and collaborative meta-analysis to deter-
mine the incremental value of copeptin for rapid rule-out of acute myocardial infarction. Am 
J Cardiol. 2014;113:1581–91.  

    16.    Collison P, Gaze D, Goodacre S. Comparison of contemporary troponin assays with novel 
biomarkers, heart fatty acid binding protein and copeptin, for the early confi rmation or exclu-
sion of myocardial infarction in patients presenting to the emergency department with chest 
pain. Heart. 2014;100:140–5.  

     17.    Mair J. Progress in myocardial damage detection: new biochemical markers for clinicians. Crit 
Rev Clin Lab Sci. 1997;34:1–66.  

    18.    Mayr A, Mair J, Klug G, Schocke M, Pedarnig K, Trieb T, Pachinger O, Jaschke W, Metzler 
B. Cardiac troponin T and creatine kinase predict mid-term infarct size and left ventricular 
function after acute myocardial infarction: a cardiac MR study. J Magn Reson Imaging. 
2011;33:847–54.  

     19.    Thygesen K, Alpert JS, White HD, Joint ESC/ACCF/AHA/WHF Task Force for the 
Redefi nition of Myocardial Infarction. Universal defi nition of myocardial infarction. Eur Heart 
J. 2007;28:2525–38.  

     20.    Alpert JS, Thygesen KA, White HD, Jaffe AS. Diagnostic and therapeutic implications of type 
2 myocardial infarction: review and commentary. Am J Med. 2014;127:105–8.  

    21.    Saaby L, Poulsen TS, Hosbond S, Larsen TB, Pyndt Diederichsen AC, Hallas J, Thygesen K, 
Mickley H. Classifi cation of myocardial infarction: frequency and features of type 2 myocar-
dial infarction. Am J Med. 2013;126:789–97.  

    22.    Baron T, Hambraeus K, Sundström J, Erlinge D, Jernberg T, Lindahl B, TOTAL-AMI study 
group. Type 2 myocardial infarction in clinical practice. Heart. 2015;101:101–6.  

    23.    Bjurman C, Larsson M, Johanson P, Petzold M, Lindahl B, Fu ML, Hammarsten O. Small 
changes in troponin T levels are common in patients with non-ST-segment elevation myocar-
dial infarction and are linked to higher mortality. J Am Coll Cardiol. 2013;62:1231–8.  

    24.    Saaby L, Poulsen TS, Diederichsen AC, Hosbond S, Larsen TB, Schmidt H, Gerke O, Hallas 
J, Thygesen K, Mickley H. Mortality rate in type 2 myocardial infarction: observations from 
an unselected hospital cohort. Am J Med. 2014;127:295–302.    

J. Mair and K. Thygesen

http://dx.doi.org/10.1161/JAHA.113.000204
http://dx.doi.org/10.1136/bmj.h15
http://www.nice.org.uk/guidance/dg15
http://www.nice.org.uk/guidance/dg15


69© Springer International Publishing Switzerland 2016 
A.S. Maisel, A.S. Jaffe (eds.), Cardiac Biomarkers, 
DOI 10.1007/978-3-319-42982-3_6

    Chapter 6   
 What Is a Type 2 Myocardial Infarction: How 
Is It Recognized and What Should One Do 
to Establish That Diagnosis?                     

     Joseph     S.     Alpert       and     Allan     S.     Jaffe     

    Abstract     In the 2007 Task Force for the Universal Defi nition of Myocardial 
Infarction document, published simultaneously in the Journal of the American 
College of Cardiology, the European Heart Journal, and Circulation, fi ve subcatego-
ries of myocardial infarction (MI) were established (Thygesen et al., J Am Coll 
Cardiol 50:2173–2195, 2007). The 2007 document was an updated revision of the 
original document from this group that had fi rst been published in 2000 (Alpert et al., 
J Am Coll Cardiol 36:959–969, 2000). As noted above, in this second communica-
tion the task force defi ned fi ve subtypes of MI which were retained with modest 
changes in the 2012 revision (Thygesen et al., Eur Heart J 33:2551–2567, 2012).  

  Keywords     Type 2 myocardial infarction   •   Myocardial infarction type 2   •   Non- 
ischemic myocardial injury   •   Defi nition of myocardial infarction   •   Cardiac troponin 
assays  

   In the 2007 Task Force for the Universal Defi nition of Myocardial Infarction docu-
ment, published simultaneously in the Journal of the American College of 
Cardiology, the European Heart Journal, and Circulation, fi ve subcategories of 
myocardial infarction (MI) were established [ 1 ]. The 2007 document was an 
updated revision of the original document from this group that had fi rst been pub-
lished in 2000 [ 2 ]. As noted above, in this second communication the task force 
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defi ned fi ve subtypes of MI which were retained with modest changes in the 2012 
revision [ 3 ]. 

 Type 1 MI is most often the result of atherosclerotic coronary artery disease 
(CAD) with thrombotic coronary arterial obstruction secondary to an atheroscle-
rotic plaque rupture or fi ssuring, with an occasional patient demonstrating normal 
luminal coronary anatomy at catheterization despite presenting with the clinical 
syndrome of a type 1 MI. Electrocardiographic abnormalities are usually present 
such as new ST segment elevation or depression. In contrast, patients with type 2 MI 
do not have atherosclerotic plaque rupture. In these individuals, myocardial cell 
necrosis develops because of an increase in myocardial oxygen demand and/or a 
decrease in myocardial blood fl ow such as vasoconstriction, embolus or coronary 
dissection. Rarely, patients with type 2 MI may demonstrate coronary arterial ero-
sions with minimal or no overlying thrombus. This may be the result of emboliza-
tion of the thrombus to the microvasculature. Type 3 MI is the result of coronary 
arterial thrombosis with early demise, and types 4 and 5 MI are related to complica-
tions of percutaneous coronary intervention and coronary bypass surgery. 

 Type 2 MI has been the subject of considerable clinical discussion and confusion 
throughout the world in part because the frequency of these events has risen as car-
diac troponin assays have become more sensitive. Thus in some clinical series, 
25–50 % of all MIs were found to be “type 2 AMIs.” For that reason, all of the co- 
authors of the Task Force for the Universal Defi nition of Myocardial Infarction have 
received multiple questions from colleagues concerning the criteria for diagnosing 
this latter entity and distinguishing it fi rst from type 1 MI and, second, from myo-
cardial necrosis resulting from a variety of entities other than myocardial ischemia. 
This chapter will seek to clarify some of the confusion surrounding the distinction 
between type 1 and type 2 MI and non-ischemic myocardial necrosis. 

    Type 1 Versus Type 2 MI 

 Distinguishing patients with type 2 MI from those with type 1 MI is reasonably 
straightforward in most clinical situations. The clinical picture at presentation is 
usually defi nitive. Patients with type 1 MI commonly present with  spontaneous  
symptoms such as chest discomfort usually associated ischemic ECG changes and 
without any evident cause for increased myocardial oxygen demand, e.g., tachycar-
dia, or decreased myocardial blood fl ow, e.g., hypotension secondary to marked 
bradycardia. There is usually a rising and/or falling pattern of blood troponin val-
ues. Clinical presentation is important since a typical clinical picture combined with 
rising or falling troponin values has a very high likelihood of being an acute 
MI. Patients with type 1 MI, since they are in general larger events, usually have 
important ECG changes such as ST elevation or depression. During coronary angi-
ography, type 1 MIs are often found to have a new or presumably new coronary 
arterial occlusion and/or the presence of an obstructing plaque rupture, fi ssure, or 
thrombus within a coronary artery (Tables  6.1  and  6.2 ). However, one may see 
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apparently stable atherosclerotic lesions or even relatively normal coronary arterial 
luminal angiographic images despite a typical clinical picture of acute MI together 
with abnormal blood troponin values. Since plaque rupture can occur without the 
development of an acute coronary syndrome, the presence of such lesions on angi-
ography does NOT necessarily mean that the patient is presenting with an acute 
coronary syndrome.

    The peri-operative setting is a common clinical situation where it is important to 
attempt to distinguish whether the patient has had a type 1 or a type 2 MI. Observations 
from a number of clinical studies on the pathophysiology of MI following non- 
cardiac surgery have demonstrated that many post-operative patients (11.6 % in the 
recent Vision trial) [ 4 ] have elevated cTn values and it appears that many of these 
patients have had a non-ST-elevation MI, which in most cases represents a type 2 
MI resulting from intra-operative hypotension or tachycardia. However, type 1 MIs 
can also occur during the perioperative period [ 5 – 7 ], and there are obviously mul-
tiple other causes for elevated cTn values. Autopsy studies in patients with periop-
erative MI suggest a higher prevalence of type 1 MI in this setting than would be 
suspected from the clinical fi ndings, and recent data suggest that nearly 50 % of 
patients with perioperative MI have coronary arterial abnormalities including intra-
coronary arterial thrombus that is consistent with an acute lesion [ 8 ]. Unfortunately, 
as noted earlier, similar acute lesions can be seen in individuals with stable coronary 
artery disease. Patients with perioperative MI as well as patients with clinically 
stable coronary arterial disease and elevated blood troponin values are known to be 
at higher risk for a subsequent myocardial ischemic event [ 9 ]. In conclusion, a type 

   Table 6.1    Characteristics of a type 1 MI   

 Usually spontaneous in onset with discomfort developing often in morning; 
 The underlying pathological process is coronary arterial plaque erosion, fi ssuring, or rupture 
with subsequent thrombus formation. 
 Almost all ST elevation MIs are in this category. 
 Patients usually do not present with a serious medical illness or marked arrhythmia. 
 Troponin values tend to be higher than with type 2 MI. 

   Table 6.2    Characteristics of a type 2 MI   

 Onset of MI is usually in the setting of a serious medical illness, for example, respiratory 
failure with marked hypoxemia or a rapid tachycardia, for example, atrial fi brillation with a 
rapid ventricular response. 
 The underlying pathophysiological mechanism is not plaque rupture or fi ssuring with 
thrombosis, but markedly increased myocardial oxygen demand or markedly decreased 
myocardial oxygen supply, for example, severe anemia secondary to a gastrointestinal 
hemorrhage. 
 Troponin values are usually low although still abnormal. 
 In distinguishing a type 1 MI from a type 2 MI, it is helpful if one understands the underlying 
pathophysiologic mechanism that led to myocardial necrosis. If myocardial ischemia was felt 
to be secondary to an increase in myocardial oxygen demand or a decrease in perfusion 
secondary to systemic hypotension, then a type 2 MI is more likely than a type 1 MI. 
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1 MI can occur in the perioperative setting, although it appears that most peri- 
operative MIs are type 2. In preliminary data from the ongoing Vision 2 trial, it 
appears that with high sensitivity troponin, up to 45 % of post-operative patients will 
have elevated cTn values and half will have a major rise from their baseline. Thus, 
these events are likely to increase in frequency over time [ 10 ]. 

 Distinguishing a type 1 perioperative MI from a type 2 MI can be challenging. 
When the MI occurs during the postoperative period, particularly if there is ST 
elevation on the ECG, a type 1 MI is likely. On the other hand, if the patient has an 
ECG without ST segment elevation and has had a recognized alteration in hemody-
namic status, for example, intraoperative hypotension, then a type 2 MI has proba-
bly occurred. A potentially confusing situation can arise when a type 1 perioperative 
MI results in hypotension and/or tachycardia thereby demonstrating some of the 
characteristics of a type 2 MI. Since these patients have had a larger MI with hemo-
dynamic compromise, a type 2 MI is less likely since type 2 events tend to be 
smaller.  

    The Essence of a Type 2 MI 

 In the most recent publication from the task force for the universal defi nition of MI, 
type 2 MI was categorized as a myocardial infarction secondary to an imbalance 
between blood supply and myocardial oxygen demand thereby causing myocardial 
ischemia with resultant myocardial necrosis [ 2 ,  3 ]. Patients may or may not have 
atherosclerotic coronary artery disease. 

 Instances of myocardial injury with necrosis where an imbalance between myo-
cardial oxygen supply and/or demand occur include coronary endothelial dysfunc-
tion, coronary artery spasm, coronary embolism, tachy- and bradyarrhythmias, 
anemia, respiratory failure, hypotension, and hypertension with or without left ven-
tricular hypertrophy. Recently, Saaby and associates in Denmark studied more than 
500 patients with a clinical diagnosis of acute myocardial infarction admitted to 
hospital during a one year period (2010–2011) [ 11 ]. They categorized these patients 
according to the fi ve subsets described in the task force documents from 2007 and 
2012 [ 1 ,  3 ] using criteria they developed. 

 Seventy-two per cent of the patients in this series had a type 1 MI and 26 % had 
a type 2 MI. Type 2 MI patients were older, more likely to be female, and had con-
siderably more co-morbidities. Nearly 50 % of the patients with a type 2 MI had a 
normal coronary angiographic study [ 11 ]. However, when coronary artery disease 
was present, it was often diffuse and severe. Only 12 % of type 1 MI patients had 
normal coronary angiography. Not surprisingly, the patients with type 2 MI fre-
quently had multiple co-morbidities and a considerably higher mortality rate com-
pared with patients with a type 1 MI. The type 2 MI patients were also much less 
aggressively treated compared with those with type 1 events [ 11 ]. 

 An example of a typical patient with a type 2 MI would be an individual with or 
without known coronary atherosclerosis who presents with or without ischemic 
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symptoms during rapid atrial fi brillation, e.g., a heart rate > 150 beats per minute for 
a substantial period of time, e.g., at least 30–60 min and usually considerably lon-
ger. In such individuals with rapid atrial fi brillation (AF), one frequently observes 
ST segment depression and/or T wave abnormalities on the electrocardiogram 
accompanied by subsequent elevations in blood troponin levels. We usually classify 
these latter patients as having had a type 2 MI secondary to markedly increased 
myocardial oxygen demand as a result of the tachycardia. Unfortunately, it can be 
diffi cult to know whether the ischemia precipitated the episode of AF or the arrhyth-
mia itself precipitated the ischemia. We usually assume that the later course has 
occurred in these patients. It can be challenging to make a diagnosis of acute myo-
cardial infarction if the patient just described has less clear cut symptoms or less 
typical ischemic ECG fi ndings accompanying elevated and rising blood troponin 
values. In that situation, excluding other etiologies for the cTn abnormalities such 
as pulmonary embolism and sepsis is often helpful [ 12 – 15 ].  

    Type 2 MI Versus Non-ischemic Myocardial Injury 

 Distinguishing type 2 MI from a non-ischemic myocardial injury represents yet 
another challenging problem for the clinician. Non-ischemic myocardial injuries 
are common in patients with severe illness, for example, sepsis accompanying 
pneumonia. Problems with the diagnosis of type 2 MI usually do not arise in rela-
tively straightforward patients with a variety of severe illnesses such as respiratory 
failure with severe hypoxemia or even hypotension despite the fact that one might 
suspect coronary artery disease to be present in many of those individuals because 
of their history of smoking. Attempts to link elevations of cTn to the presence of 
coronary artery disease in patients with acute respiratory failure have not thus far 
been successful [ 15 ] . However, in complex medical and surgical patients with mul-
tiple co-morbidities, it is often diffi cult to decide if the patient has had a type 2 MI 
or rather a myocardial injury secondary to markedly elevated toxic levels of cyto-
kines and/or catecholamines (Table  6.3 ). An example of such a complex patient 
with a probable non-ischemic myocardial injury would be a young or middle aged 
individual with no clinical history of coronary artery disease and without prominent 
atherosclerotic risk factors who is admitted to the hospital with a serious infection 
accompanied by systemic sepsis. An elevated troponin level is often noted in such 
individuals in the absence of ischemic symptoms or ECG changes and the clinical 
question often posed at this point is “Has this patient had an acute MI that requires 

    Table 6.3    Characteristics of a myocardial injury   

 A myocardial injury is diagnosed when an abnormal cTn value is noted but the underlying 
mechanism of cardiac injury is not ischemia, for example, cardiac trauma. 
 In many cases, for example, chronic renal failure and heart failure, the blood cTn values 
remain chronically elevated rather than rising and/or falling. 

6 What Is a Type 2 Myocardial Infarction



74

urgent therapeutic intervention?” It is our opinion that such patients have  not  had an 
MI but rather they have suffered a myocardial injury secondary to the humoral fac-
tors noted above that are almost invariably associated with serious illness (Table  6.3 ). 
Urgent therapy for an acute coronary syndrome is almost never indicated in such 
settings. Indeed, recent data suggest that an elevated cTn in patients with sepsis is 
strongly associated with diastolic abnormalities and right ventricular dilatation [ 16 ].

   As already noted, factors that have been suggested as causative of myocardial 
necrosis in these situations include elevated circulating levels of catecholamines 
and infl ammatory cytokines such as TNFα, combined with electrolyte abnormali-
ties, acute renal insuffi ciency, and some degree of hypotension and tachycardia. 
Such patients should not be labelled as having had a type 2 MI, but rather the diag-
nostic label should be myocardial injury secondary to the direct toxic effects of 
factors elaborated with sepsis. An acute coronary arterial intervention in such a 
critically ill patient is undoubtedly high risk and almost certainly not prudent. 
Regardless of the diagnosis, patients with elevated blood troponin levels are at 
increased risk for cardiovascular and other complications both acutely and in the 
long term [ 13 – 15 ,  17 ]. 

 The diagnosis of myocardial injury should be applied to patients with myocar-
dial necrosis felt not to be secondary to ischemia in the setting of a critical illness. 
However, if the patient reports myocardial ischemic symptoms and/or ischemic 
ECG changes are present, or the patient is known to have clinically important coro-
nary artery disease, it may be very diffi cult for the clinician to decide if this patient 
has had a myocardial injury alone and/or a type 2 myocardial infarction. If a bio-
marker were available that could accurately identify the presence of a ruptured 
plaque and the need, therefore, for angiography and possible intervention, or if 
standardized clinical criteria for diagnosing MI type 2 are developed in the future, 
it would be helpful in devising therapy for these patients. Unfortunately, such a 
biomarker is not available at present, but studies regarding clinical criteria are 
underway [ 16 ]. 

 The distinction between a type 2 MI and a myocardial injury usually has less 
immediate therapeutic implications. Once the critical illness has resolved, it is up to 
the clinician to determine whether evaluation for possible underlying coronary 
artery disease is indicated. However, it is clear that some cardiovascular evaluation 
is often necessary since those patients who survive are at increased risk for mortality 
going forward. Thus, trying to defi ne the presence of treatable cardiac disease, 
including possible coronary artery disease, is often indicated. 

 Additional diagnostic problems involved in making a correct diagnosis of a type 
2 MI arise when the seriously ill patient has a history consistent with prior coronary 
artery disease or important atherosclerotic risk factors. Has such a patient had a 
myocardial injury or a type 2 MI? As already noted above, it is often very diffi cult 
to answer this question without lingering doubt as to the veracity of the eventual 
diagnosis applied. The 2012 defi nition of MI document suggests that careful clinical 
judgment should be applied in such settings [ 3 ]. Factors that should be taken into 
account include the likelihood of the patient having an acute coronary syndrome 
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[ 18 ], any associated symptoms consistent with the presence of myocardial ischemia 
and/or new electrocardiographic changes such as 0.5 mm or more of horizontal ST 
segment depression in two contiguous leads as well as serial troponin measure-
ments demonstrating a rising and/or falling pattern as opposed to a plateaued eleva-
tion. In the latter circumstance (a plateaued elevation of troponin), the diagnosis is 
likely to be chronic myocardial injury, for example, in patients with chronic renal 
failure. 

 A defi nitive diagnostic answer for these challenging patients cannot be given as 
yet with a simple clinical algorithm. The clinician must weigh the totality of the 
clinical evidence and render a judgment: Has a type 2 MI occurred or is this an 
example of a myocardial injury secondary to the underlying pathophysiologic state? 
If a type 2 MI is suspected, another clinical conundrum develops. Should the patient 
undergo coronary angiography; should aspirin, a P2Y12 inhibitor and/or anti- 
thrombotic therapy be administered; should the patient be treated with, beta block-
ers, calcium channel blockers, angiotensin converting enzyme inhibitors, an 
angiotensin receptor blocker, a statin, ranolazine, and/or nitrates? At this time, there 
is a dearth of scientifi c information that can help physicians make clinical decisions 
in this challenging setting. Cardiac catheterization is almost certainly associated 
with signifi cant risk in such critically ill patients as is anti-thrombotic therapy. 
Often, statins, beta blockers, nitrates, and low dose aspirin are given  but without a 
strong sense on the part of the clinician involved that this therapy is benefi cial in 
this setting.  Clinical research involving patients with presumptive type 2 MI or 
myocardial injury is desperately needed to assist the clinician in differentiating 
these two entities and determining what if any specifi c therapy is indicated.  

    Diagnostic and Therapeutic Implications 

 Diagnostic and therapeutic interventions in patients with type 2 MI or a myocardial 
injury should be tailored to the critical nature of the patient’s illness. Urgent coro-
nary angiography in the absence of ST elevation, new left bundle branch block, 
marked ST depression or continuing ischemic symptoms, is almost certainly not 
indicated, however, control of symptoms and a test for inducible ischemia at a later 
date may be appropriate particularly since perioperative MI, for example, is associ-
ated with high risk and often a poor long term outcome. More than one troponin 
determination (at least two and occasionally more) should be obtained in these 
patients to assist in diagnosis and prognostication. Patients with the typical abnor-
mal rising and/or falling pattern of blood troponin values have likely suffered a 
myocardial infarction [ 18 ,  19 ]. Although an acute myocardial injury can at times 
have a similar pattern of rising and falling blood troponin values. As noted earlier, 
patients with elevated blood troponin values that remain abnormal chronically at 
approximately the same level are more likely to have suffered a myocardial injury, 
for example, a patient with chronic renal or heart failure [ 18 ,  19 ]. The presence of 
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an elevated troponin value should not be automatically equated with the presence of 
MI [ 18 ,  19 ]. 

 The authors recently discussed therapeutic decision making in patients with type 
2 MI or myocardial injury and felt that  no defi nitive therapeutic recommendations 
could be made at this time  given the lack of clinical trial information involving these 
patients. It would seem prudent to avoid attempting aggressive therapeutic interven-
tions that might lead to harm, for example, coronary angiography or intensive anti-
thrombotic therapy in a patient at high risk for bleeding early after an operation. 
Such measures may be indicated, however, if plaque rupture is thought to be the 
mechanism causing myocardial cell necrosis. 

 As noted above, therapeutic interventions for patients with type 2 MI have not 
been investigated as yet, and there is even less known about how to a treat myocar-
dial injury that develops in the setting of serious illness. Administration of oral 
medications such as low dose aspirin, a statin drug, and a beta blocker would seem 
reasonable  but have not been proven to be benefi cial in this setting.  

 Following recovery, a clinical decision can be rendered concerning further diag-
nostic intervention such as some form of stress test for inducible ischemia or even 
coronary angiography which could lead to a change in the diagnosis. The authors 
feel that careful weighing of the clinical situation is important in guiding further 
diagnostic testing. Thus, a patient with a poor prognostic outlook might not undergo 
any further testing following recovery from an acute illness where blood troponin 
values were elevated. On the other hand, a patient with a reasonably good prognosis 
would be offered additional diagnostic evaluation to assess the likelihood of impor-
tant underlying coronary artery disease.  

    Examples of a Type 2 Myocardial Infarction and a Myocardial 
Injury 

    Case 1 

 A 19 year old male student with WPW comes to the ED complaining of 6 h of a fast 
heart beat and a sense of chest heaviness under his sternum. His ECG reveals that 
he has an atrial tachycardia at 180 beats per minute. After he is cardioverted to 
normal sinus rhythm, his ECG demonstrates non-specifi c ST-T changes. He is 
admitted for observation. That night his blood troponin value is 0.88 ng/ml. Is this 
a type 1 MI, a type 2 MI, or a myocardial injury? This young man has undoubtedly 
suffered a small amount of myocardial necrosis secondary to markedly increased 
myocardial oxygen demand. As such, he might be labelled as having a type 2 
MI. However, carrying such a diagnosis into the future might well harm this indi-
vidual’s chances of obtaining a number of jobs such as an airline pilot. Therefore, 
we usually label such events as a myocardial injury secondary to a cardiac 
arrhythmia.  
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    Case 2 

 A 66 year old man with long-standing severe COPD is admitted to the hospital in 
severe respiratory distress without chest discomfort. His ECG reveals non-specifi c 
ST-T wave changes and his troponin is 1.2 ng/ml. His arterial oxygen saturation is 
68 % and his heart rate is 124 beats per minute(bpm) in normal sinus rhythm. His 
blood pressure is 98/55 mmHg. Is this a type 1 MI, a type 2 MI, or a myocardial 
injury? This man has almost certainly suffered a type 2 MI secondary to the combi-
nation of hypoxemia, tachycardia, and hypotension. Whether or not he has underly-
ing coronary artery disease is unknown at the time of his presentation to the hospital. 
Once he recovers from his present illness, a diagnostic evaluation for coronary 
artery disease would be appropriate.  

    Case 3 

 A 58 year old woman with chronic coronary artery disease and a previous MI treated 
with a drug eluting stent two years earlier comes to the Emergency Department in 
rapid atrial fi brillation (HR = 180 bpm). She is treated with intravenous diltiazem 
and beta blockade and 5 h later she converts to normal sinus rhythm. Her ECG 
reveals non-specifi c ST-T wave changes. Her troponin is 1.1 ng/ml. Is this a type 1 
MI, a type 2 MI, or a myocardial injury? This patient has likely suffered a type 2 MI 
as a result of tachycardia. She has known coronary artery disease and will eventu-
ally need evaluation for progression of her atherosclerotic coronary artery disease.      
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    Chapter 7   
 Use of Cardiac Troponin in Patients 
with Heart Failure                     

     Wayne     L.     Miller     

    Abstract     The use of cardiac troponins, and particularly with the advent of new 
high-sensitivity troponins, has come without adequate discussion of the proper 
interpretation, limitation of values, and their best use in heart failure (HF) patients. 
The objective of this chapter is to provide a balanced assessment of how cardiac 
troponins are advocated for clinical use in HF patients and areas where there are 
gaps in knowledge that are important for clinicians to appreciate. 

 Although biomarkers such as troponin add to the magnitude of risk prediction, it 
is unclear how often their use leads to changes in treatment. The use of serial tropo-
nin testing over time would be helpful. To do this, it is necessary to take into account 
assay characteristics and the analytical and biological variability in addition to the 
ability to defi ne normal values and effectively monitor therapy. These factors are 
often overlooked leading to conclusions that may not be clinically or analytically 
sound. An understanding of the value and limitations of troponin use is important to 
all clinicians who manage HF patients. If used optimally, troponin values will likely 
be helpful in defi ning when and how to effectively intervene clinically.  

  Keywords     Chronic heart failure   •   Troponin T and I   •   Risk stratifi cation and cardiac 
troponins   •   Heart failure and troponins   •   Troponins in chronic heart failure  

   The use of cardiac troponins has been well vetted in patients with acute coronary 
syndromes [ 1 ], but the role of troponins in the theater of acute and chronic heart 
failure (HF) is less well delineated and understood by clinicians. This is particularly 
confounded with the advent of high-sensitivity cardiac troponin assays where very 
low levels (ten-fold lower concentrations measured than standard assays) of circu-
lating troponins can be detected. A role for cardiac troponins in the diagnosis of HF, 
in contrast to a prognostic role, has in general not been developed and generally 
over- shadowed in this role by the use of natriuretic peptides such as B-type 

        W.  L.   Miller ,  MD, PhD      
  Department of Cardiovascular Diseases ,  Mayo Clinic ,   Rochester ,  MN ,  USA   
 e-mail: miller.wayne@mayo.edu  

mailto:miller.wayne@mayo.edu


80

natriuretic peptide (BNP) and NT-proBNP. The potent prognostic value of elevated 
troponins will be reviewed among other issues in the use of troponin values but 
ultimately the most important issue relates to the modifi cation of treatment of HF 
based upon troponin values or changes in values in a manner that is timely for 
patient care and also cost-effective – can the monitoring of troponin values be used 
to guide therapy in HF patients is an unaddressed issue. The intent of this chapter is, 
thus, to provide a discussion into the effective use and caveats of use of cardiac 
troponin and high-sensitivity troponins in the context of patients with HF. The fol-
lowing are pertinent discussion points on the use and interpretation of troponin val-
ues that will provide background for the review of the clinical cases to follow. 

    The Importance of Knowing What Is a Normal Troponin 
Value 

 Fundamental to the use and interpretation of troponin values is the understanding of 
the importance of normal reference values and how such values are determined. 
What denotes an elevated or abnormal troponin value which in turn warrants an 
association with increased risk has been described using different cut-points which 
are highly dependent upon how robustly the normal reference population is evalu-
ated and defi ned. There has been a desire to keep the defi nition process simple and, 
therefore, that the value used to defi ne disease be arrived at simply. For some bio-
markers the lowest detectable level that is different from zero is used to identify the 
cut-point associated with increased risk. This is often the case when the assay for a 
given analyte is not particularly sensitive. A practical and more universally appli-
cable approach is the use of the 99th percentile of the upper range limit of normal 
values to provide a cut-point that can be applied to different patient cohorts with a 
common basis for comparison [ 2 ,  3 ]. This is most applicable in the use of cardiac 
troponins, but not true for all biomarkers, and even for troponin values it depends 
upon what generation of assay is being used and factors such as age, gender, and 
ethnicity. So, attempts to keep it simple have confounders. 

 There has been ambiguity about how to defi ne normal ranges and, therefore, 
appropriate cut off values to identify elevated values. Ideally, it should take a mini-
mum of 300 subjects of each patient gender, ethnicity, and age grouping [ 4 ] to 
accurately defi ne statistically each subset whether to determine normal ranges or 
elevated values indicative of disease. Doing this for a large number of subsets is 
generally cost prohibitive. However, if not done, it may mean ignoring differences 
that might be present due to age, sex, ethnicity, patient characteristics, medications, 
subtypes of disease, and comorbidities. Also, there are substantial issues related to 
how to defi ne a normal population [ 5 ,  6 ]. Defi nitions of an elevated troponin value, 
as well as, other biomarkers should bear some relation to reference values of a 
normal population. However, it is uncommon that truly normal subjects are 
recruited for such analyses. Most “normal range” studies come from convenience 
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cohorts and involve at most a medical questionnaire to identify disease. Very few 
studies include even a formal history and physical examination. As a result it is not 
surprising that adding other clinical measurements such a creatinine or eGFR low-
ers what is defi ned as normal values. Even more vigorous screening including 
imaging decreases values still further. This may not be important when analytes are 
used at high values but when the important metrics impinge on the upper limit of 
the normal range, as is the case with high-sensitivity (hs) troponins, they can 
become crucial. For analytes such as cardiac troponin where small differences may 
be important, clearly accounting for risk factors and obtaining imaging for each 
patient are essential elements to truly defi ne normality [ 5 ,  7 ,  8 ]. These consider-
ations may be lost in small studies defi ning normal ranges and in large clinical tri-
als. These then in turn contribute to confusion in interpretation of what elevated 
troponin levels mean in the individual patient. These considerations generally are 
not important in those with overt HF but are critical to defi ne at risk cohorts where 
values are generally very low and thus rely on truly “normal values”. Also, whether 
the assay being used is for hs-troponin T or hs-troponin I makes a difference in that 
the sensitivities of the assays may differ signifi cantly. In one community based 
study with a well characterized cohort, 93 % of the participants had detectable hs-
troponin I levels [ 6 ], while in other population studies much lower levels of hs-
troponin T were detected (25–66 %) [ 9 ,  10 ]. This may refl ect differences in the 
cohort (i.e., how well were they characterized, age-gender mixes) or technical dif-
ferences in the assays. However, important differences in assay sensitivities, age 
and gender differences in troponin concentrations in healthy reference vs. diseased 
individuals have important implications in defi ning clinically usable reference cut-
point values. 

 In addition, a particular troponin cut-off value may not apply to every patient 
cohort with different clinical characteristics (different case mixes). ROC curve or 
median derived values of one patient cohort cannot necessarily be applied to other 
patient populations or other indications without losing the value of data comparison. 
Also, it is valuable to keep in mind that the concept of positive or negative cut-point 
of troponin or any other biomarker is an artifact of the need for clinical convenience. 
The reality is that most biomarkers are continuous variables of risk and cut-points 
should be viewed with that limitation in mind. Additionally, hs troponin cut-points 
may vary, for example in HF patients, according to age, gender, ethnicity, specifi c 
assay employed, acuity and duration of HF, severity of HF, penetration of appropri-
ate treatment (presence and absence of established effective drug therapy), left ven-
tricular ejection fraction (reduced or preserved), renal function, and co-morbidities 
(e.g., diabetes). Thus, troponin and other biomarker values must be interpreted in 
the proper clinical context and not per arbitrary fi xed cut-off values. The concept of 
keeping it simple is reasonable for many situations but the concept that this means 
that one does not need to understand how biomarkers such as troponin work and 
when to recognize exceptions is nonetheless still critical if often ignored; this per-
haps is more noted in the use of natriuretic peptides than troponins which have not 
yet been as universally adopted in the HF arena.  
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    Analytical and Biological Variability of Troponin Values 

 The clinical significance of a biomarker level particularly during serial testing 
over time is in part dependent on the biomarker’s analytical and biological 
variability. These factors in the performance of a biomarker are often over-
looked and conclusions drawn based on changes in a biomarker concentration 
that may be statistically significant but not clinically or analytically signifi-
cant. In general, values must be further apart than three standard deviations of 
the variation around the measures irrespective of the cause. This value which 
takes into account of both analytical and biological variability is the reference 
change value (RCV) [ 4 ,  11 ]. In theory biological variation can only be mea-
sured in normal subjects since pathologies that will influence the RCV are 
likely present in HF patients. The contemporary sensitive assays (i.e., non-hs-
troponin assays) used in clinical practice cannot determine biological varia-
tion for either troponin T or troponin I because these assays cannot reliably 
detect and measure troponin values in healthy normal individuals. This caveat 
is often violated in the literature. Analytical variability relates to the perfor-
mance of the biomarker assay in the laboratory and identifies the degree of 
imprecision of results obtained by the assay technique used to quantify the 
biomarker and by any issues related to the sample itself. If the quality of the 
sample, for example, is problematic then reliable values cannot be obtained. 
For example, hemolysis is common and can raise some troponin assay values 
and lower others [ 12 ]. These issues provide the reasons why most groups urge 
that precision be very high (<10 % imprecision), especially near critical val-
ues. However, imprecision does not often cause false positives [ 13 ,  14 ]. In 
comparison to analytical variability, biological variability can be substantial 
and commonly much greater than analytical variability alone. With the advent 
of hs-troponin assays measurable troponin concentrations can now be detected 
and measured in the general population without cardiovascular disease. This 
allows the determination of biological variability for hs-troponin T and I. The 
importance of taking these relationships into account is critical to the appro-
priate interpretation of serial biomarker measurements. Some identified 
changes, although statistically significant, may, therefore, be due to this com-
bined variability alone. The RCV which reflects this combined variability and 
indicates the minimal percent change in serial troponin measurements required 
to reflect a clinically meaningful short-term change may vary, however, from 
a low of ±32–69 % for hs-troponin I assays and 47–85 % for hs-troponin 
T assays [ 4 ,   11 ]. Notable, however, is that for long-term serial monitoring of 
hs-troponin T to detect the onset of early cardiovascular disease, a >300 % 
change is necessary to achieve confidence that the RCV is clinically meaning-
ful [ 11 ]. Thus, the magnitude of spontaneous change is important in interpret-
ing changes in troponin values. In general, analytes with low RCV are likely 
to be much better at detecting changes in patients than those analytes with 
high RCVs. 
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    Clinical Case 1 

 A 65 year-old male with a 5-year history of non-ischemic dilated cardiomyopa-
thy with a reduced but stable ejection fraction of 37 % by echocardiography 
(most recently assessed 5 months previously) presents to the outpatient clinic 
with a complaint of worsening dyspnea, orthopnea, lower extremity edema, and 
a 10-lb weight gain over the past 2 weeks. He now experiences DOE with walk-
ing across the room. Furosemide dose has been stable at 40 mg in the AM and 
20 mg in the PM. On physical exam there are no rales but JVD is approximately 
14 cm H 2 O at 60°, and there is soft 2+ pitting edema of the lower extremities 
focused mainly at the ankles. NT-proBNP was elevated at 2800 ng/mL; creati-
nine 1.6 mg/dL, K+ 3.9 mEq/L, sodium 138 mEq/L. ECG demonstrated SR at 64 
BPM on beta-blocker therapy with LBBB but no acute changes. High-sensitivity 
troponin I was 123 pg/mL (gender specifi c 99th percentile URL value of 55 ng/
mL). It was decided to admit the patient to hospital for intravenous diuretic ther-
apy along with advancement of ACEi dose for afterload reduction. Repeat 6-h 
hs-troponin I was 130 pg/mL. Echocardiography demonstrated an estimated 
LVEF of 30 % with LVEDD 65 mm. Intravenous furosemide was initiated at 
10 mg/h and after 12 h advanced to 20 mg/h due to low urine output. Urine output 
improved and over 4 days the patient lost 12 pounds with stable creatinine 
(1.8 mg/dL) and electrolyte values. NT-proBNP decreased to 1500 ng/mL, hs-
troponin I was 118 pg/mL. Clinically, the patient felt improved with less DOE 
and no lower extremity edema after enforced bedrest with legs elevated. The 
patient was dismissed in the afternoon of hospital day 4 on an adjusted medical 
regimen of furosemide of 80 mg QD (in the AM) and re-education on fl uid 
restriction to 2.0 l per day and sodium restriction to 2000 mg per day. One week 
follow up with PCP was unremarkable. Three-month post-hospital Heart Failure 
Clinic follow-up visit demonstrated sCr 1.6 mg/dL, K+ 3.6 mEq/L, and 
NT-proBNP of 750 ng/mL, and hs-troponin I 120 pg/mL (same lab and assays). 
How would you interpret the troponin I values? 

    Discussion 

 The patient presentation is a classic case of a patient presenting with an acute exac-
erbation of chronic heart failure. NT-proBNP was elevated at presentation second-
ary to increased myocardial stretch secondary to volume overload; however, 
hs-troponin I was also elevated. Both of these elevations are related to increased 
morbidity and mortality risk. Serial measurements of hs-troponin I demonstrated 
persistent elevations above the 99th percentile URL, but there was no pattern of ris-
ing values. While the persistent elevations in hs-troponin I refl ect increased long- 
term risk, they do not support the presence of an acute ischemic event that warrants 
pursuing coronary angiography in this patient. The potent combination of both 
NT-proBNP and troponin elevation provides independent prognostic information 
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and indicates a high risk of mortality or HF-related hospitalization (Fig.  7.1 ), [ 3 ]. 
The elevated hs-troponin I cannot be dismissed as due to renal dysfunction or CHF 
without associated consequence. This patient is in a high-risk category and merits 
close follow-up with titration to optimal medical therapy and the implantation of a 
biventricular pacemaker with defi brillator (CRT-D) capability would be appropriate 
if the patient meets criteria.

         Signifi cance of Elevated Troponin Levels in Heart Failure 

 Myocardial injury results from ischemia but can also occurs secondary to stresses 
and toxins on the myocardium such as infl ammation, oxidative stress, catechol-
amines, marked renin-angiotensin activation, and apoptosis [ 15 ,  16 ]. Plasma eleva-
tions of troponins T and I have been shown to be highly sensitive and specifi c 
biomarkers of myocyte injury and death, regardless of the inciting event. Modest but 
persistent elevations of cardiac troponin have been demonstrated in patients with left 
ventricular systolic dysfunction of non-ischemic etiology (dilated cardiomyopathy, 
infi ltrative cardiomyopathy) and in chronic HF patients with known coronary artery 
disease (ischemic cardiomyopathy) in the absence of acute ischemic events. With the 
availability of new generation hs-troponin assays, very low levels of circulating 

  Fig. 7.1    Cardiac Troponin T Profi les and Risk of Events. Kaplan-Meier analysis of the risk of 
death or cardiac transplantation in year 2 of follow up based upon cardiac troponin T patterns from 
year 1 of clinical follow up (From Miller et al. [ 21 ] with permission)       
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cardiac troponins can be detected with high precision. A high percentage of patients 
with HF have measureable cardiac troponin values at or just above the 99th percen-
tile URL for a normal healthy population. Cardiac T elevations using contemporary 
standard assays have been shown to be detectable in 10–15 % of patients with chronic 
systolic HF, however, with the new high- sensitivity assays troponin T was detectable 
in over 90 % of the same patients [ 17 ]. These detected values were also predictive of 
increased risk of death in multivariate analyses adjusting for common HF related 
variables, as well as, BNP. These data and others support the conclusion that even 
small troponin “leaks” from the myocardium are indicative of heightened risk in the 
setting of chronic HF. Troponin elevations have also been shown to be predictive of 
outcome in hospitalized patients with acute decompensated HF [ 18 ]. In the large 
database from the ADHERE registry (N = 67,924), elevations in either troponin T or 
I vs no elevations at hospital admission independently marked those patients at 
increased risk of in-hospital mortality (8.0 % vs 2.7 %, p < 0.001). 

 Chronic persistent elevations in troponin levels detected in stable HF patients 
carry a short and long term risk of poor outcome [ 19 ,  20 ], but they do not refl ect 
acute injury events but rather the ongoing chronic injury to the myocardium. The 
monitoring of serial measurements of troponins during hospitalization can also 
assist in determining the acuteness of myocardial injury and help differentiate 
chronic stable troponin release from that of acute ischemic events. A rising pattern 
of troponin elevations would help, along with clinical context, to distinguish 
between the chronic injury of established HF and acute ischemia or myocardial 
infarction. Serial monitoring in stable HF patients also can provide information on 
risk stratifi cation and disease progression [ 3 ,  21 ]. Elevated troponin T levels have 
been shown to respond to medical therapy in patients with chronic HF (reductions 
of 25 % over 2 months, [ 22 ]) and in combination with parameters of clinical 
improvement associated with reduced risk; those patients who demonstrated persis-
tent elevations in troponin T sustained higher risk of mortality. 

    Clinical Case 2 

 A 74 year-old female with a history of poorly controlled systemic hypertension 
presents to the ED with complaints of DOE associated with chest discomfort and 
lower extremity swelling. These have been intermittent for some time but worse 
over the last 3–4 weeks since she visited her daughter in New York City 5 weeks 
ago. The patient has 2+ lower extremity pitting edema and soft bilateral rales on 
pulmonary exam. The electrocardiogram shows a new fi nding of atrial fi brillation 
with ventricular rate of 98 bpm at rest, and LVH. Initial blood labs show sCr 1.3 mg/
dL, K+ 4.0 mEq/L, BNP 2000 ng/mL and troponin T of 1.2 pg/mL (10 % CV with 
99th percentile URL cut-point >0.01 pg/mL). Troponin T values at 6 and 12 h are 
0.9 pg/mL and 1.1 pg/mL, respectively. Intravenous furosemide infusion at 5 mg/h 
is initiated with good diuresis and clinical improvement. Echocardiography reveals 
concentric left ventricular hypertrophy, an ejection fraction of 70 %, grade 3 out of 
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4 of left ventricular diastolic dysfunction, and no regional wall abnormalities. Do 
the elevated troponin T values support the need to obtain a pharmacologic myocar-
dial perfusion nuclear imaging stress test? 

    Discussion 

 This patient presents with heart failure with preserved left systolic function (HFpEF) 
in the setting of concentric left ventricular hypertrophy secondary to long-standing 
systemic hypertension. This is a common presenting scenario in an elderly lady with 
this clinical history. HFpEF is a systemic disease and diastolic dysfunction is only 
one element accounting for the symptom complex. Ventricular-vascular mismatch is 
a prominent feature with patients being poorly tolerant of new onset atrial fi brillation 
with rapid ventricular response. This patient has a resting heart rate of 98 bpm but 
with little activity it quickly increases to 140 bpm with associated dyspnea on exer-
tion. The atrial fi brillation with rapid ventricular response, left ventricular diastolic 
dysfunction, left ventricular hypertrophy, and probable intermittent subendocardial 
ischemia are all contributing factors to the elevation in troponin T values. Long-term 
this puts this patient at increased risk of more episodes of CHF and also increased 
mortality. HFpEF has a comparable poor outcome to HFrEF. Optimal therapy for 
HFpEF is still lacking but volume management and controlling hypertension are 
mainstays of care in this patient. A myocardial perfusion nuclear stress test was per-
formed the following morning without evidence of inducible ischemia.    

    Single-Sample Values vs. Serial Measurements Over Time 

 Disease activity changes over time and this time frame can be quite variable between 
patients and within the same patient. Thus, serial measurements of a biomarker over 
time rather than single point-in-time measurements are needed to optimally manage 
patients. In contrast, however, most studies focus on the predictive value of an initial 
sample and the higher the value of a risk biomarker, the sicker the patient, and in 
general clinicians will be more aggressive with those patients in applying conven-
tional therapies. Recent data relating to the application of recommended therapies 
such as mineralocorticoid antagonists (MRAs) suggest such a strategy is, however, 
not frequently pursued [ 23 ]. Additionally, in an apparently clinically stable patient 
does such an elevated biomarker such as troponin trump all other clinical informa-
tion? This is why serial values over time should be more valuable [ 3 ,  21 ,  24 ,  25 ] An 
example is shown in Fig.  7.2  [ 21 ]. One might think that a biomarker level that 
decreases over time should refl ect clinical improvement, while one that increases 
should refl ect disease progression. Serial measurements thus provide information 
on which patients are at increasing risk but can also indicate which patients are 
responding to therapy or need a change in their treatment regimen to reduce the risk 
of adverse events. The specifi c subset of patients is also important in this arena. The 

W.L. Miller



87

response of biomarkers in an acute HF patient may well be related to acute hemo-
dynamics and may respond rapidly [ 26 ,  27 ] whereas those found in more chronic 
HF where biomarker pathways have been stimulated over time may not correlate 
nearly as well and may require more time to see change [ 28 ,  29 ]. Thus, the proper 
interpretation of change likely is clinical subset dependent.

   Also, since deteriorations in chronic HF occur slowly, elevations or changes in 
troponin over time could potentially be used to provide an early indication of dis-
ease progression and myocardial remodeling and allow for earlier changes in ther-
apy. Thus, biomarkers that have low levels of biological and analytical variability 
have an advantage. In addition, if changes in biomarkers can be used to demonstrate 
that risk is modifi ed then such an approach might be used to test specifi c interven-
tions rather than attempting to institute such interventions empirically through 
expensive RCTs. We have shown that the ability to monitor changes in serial tropo-
nin T measurements, adds signifi cantly to the assessment of risk in ambulatory 
patients with chronic HF [ 3 ,  21 ,  24 ]. New elevations or changes in persistently ele-
vated biomarkers measured serially any time during clinical follow-up indepen-
dently predict increased risk of death or need for cardiac transplantation or 
HF-related hospitalization. These fi ndings support the hypothesis that worsening 
HF is mediated by subclinical myocardial injury, and that increased frequency of 
myocardial injury results in further deterioration in myocardial function and worse 
clinical outcome. Therefore, the monitoring of serial changes in troponin values 
may well be the means, in the individual HF patient, to identify risk prospectively 
and to help determine which therapeutic modality would be most effective in that 
specifi c patient. 

  Fig. 7.2    Risk of death/cardiac transplantation. Time-dependent multivariate model with serial 
follow-up measurements of troponin T and BNP values. + indicates elevated troponin T or BNP; 
− indicates no elevation (From Miller et al. [ 3 ] with permission)       
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    Clinical Case 3 

 A 70 year-old man with known ischemic cardiomyopathy (LVEF 40 %), systemic 
hypertension, and diabetes presents to the emergency department. The patient has 
been stable NYHA Class II status for several years following an anterior STEMI for 
which he received a drug eluting stent without complications. Troponin T levels 
have been elevated but stable in the 0.08–1.4 ng/mL range over several 6 month 
interval visits in the past but the patient hasn’t been seen for 3 years. He now 
describes the onset of increased SOB with exertion and intermittent chest pain 
beginning that morning but have resolved just prior to coming to the ED. Such epi-
sodes have been occurring over the past 2 months; no syncope. A grade III/IV harsh 
crescendo-decresendo systolic murmur is identifi ed on auscultation (previous exams 
had indicated a soft systolic murmur and mild aortic valve stenosis). 
Electrocardiogram shows sinus rhythm with criteria for ventricular hypertrophy and 
non-specifi c ST-T wave changes. Initial labs show sCr 1.5 mg/dL, K+ 4.0 mEq/L, 
NT-proBNP 450 pg/mL, and troponin T 0.15 ng/mL. Over the next 6 h NT-proBNP 
increases to 900 pg/mL and troponin T increases to 0.36 ng/mL; 12-h troponin T is 
0.28 ng/mL. Echocardiography reveals aortic stenosis with a mean gradient of 
45 mmHg, calculated valve area of 0.70 cm/m 2 , and an LVEF of 28 %. Coronary 
angiography showed patent native vessels with no fl ow limiting stenosis and with a 
patent previously stented site in the LAD. How should the serial troponin T values 
be interpreted? Do they refl ect worsening of the patient’s heart failure, an acute 
ischemic event, or progression of aortic valve stenosis? 

    Discussion 

 The rising and falling pattern of troponin T in this clinical setting is consistent with 
a diagnosis of Type 2 myocardial infarction (ischemic coronary fl ow supply/demand 
mismatch) but can be easily missed if serial troponin measurements are not obtained 
and a pattern of change not assessed. Serial measurements are often ignored in 
patients with chronic heart failure who have a history of persistent troponin eleva-
tions. The clinical context should drive the decision to pursue serial troponin mea-
surements. All of the factors identifi ed with this patient have the potential to 
contribute to the mechanisms of myocardial injury and troponin release. Chronic 
heart failure with persistent elevations in troponin (myocyte apoptosis, catechol-
amine toxicity, subendocardial ischemia), increased transmural myocardial wall 
pressure producing subendocardial ischemia (decompensated aortic valve stenosis, 
ventricular hypertrophy from long-standing hypertension), small-vessel coronary 
obstruction (diabetes), and ischemia secondary to vascular endothelial dysfunction 
(chronic heart failure, diabetes) have been associated with troponin release in the 
absence of overt obstructive coronary artery disease. This patient underwent optimi-
zation of his medical regimen and underwent percutaneous replacement of the aor-
tic valve (TAVR) with good result. LVEF returned to baseline level of 40 %.    
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    Value of Troponin as a Biomarker: Use for Diagnosis, 
Prognosis, and Guiding Treatment 

 While it is important to predict which patients are at increased risk due to their pro-
gression in HF, many times knowing that a patient who is clearly at risk does not 
require any biomarker data and in the absence of a specifi c path of therapy, is not cost 
effective. On the other hand, when we can identify individuals at risk where it was not 
anticipated clinically, troponin data might be even more important. Perhaps recent 
data concerning the importance of minor increases in hs cTnT and NT-proBNP in 
patients with left ventricular hypertrophy (LVH) might be an example of the latter 
[ 30 ]. It was only with the use of these biomarkers that the subset of individuals who 
were at risk was identifi ed among those with LVH by MRI or ECG. Most important, 
however, is to provide information to guide therapeutic modifi cations based upon bio-
marker values or changes in biomarker values such as hs-troponins – this is the ulti-
mate goal of biomarker-guided HF management. No trials pursuing such a goal with 
hs-troponin measurements are underway, but enthusiasm for identifying biomarkers 
of myocardial injury and fi brosis and the assessment of MRAs which retard the devel-
opment of fi brosis [ 31 ], may advance the value of serial measurements of hs-troponin 
in identifying responders to therapy and guide the effective new use of this therapy. 
This is a reasonable extrapolation and there are data to suggest this may work [ 32 ], but 
RCT or well done registries and pathophysiological trials are needed to support the 
use of serial measurements of cardiac troponin in the guidance of HF therapy.     
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    Chapter 8   
 Elevated cTn in Other Acute Situations Such 
as Atrial Fibrillation, Sepsis, Respiratory 
Failure, and Gastrointestinal Bleeding                     

     Evangelos     Giannitsis       and     Hugo     A.     Katus    

    Abstract     Prevalence of elevated hs-cTnT (above the 99th percentile) with relevant 
concentration changes in patients without an ACS is high, and elevated hs-cTn is 
associated with adverse long-term outcomes, irrespective the exact underlying 
 reason. Differentiation between ischemic and non-ischemic reasons is particularly 
challenging as ischemic and non-ischemic mechanisms frequently co-exist. 
Understanding the etiology of troponin elevation in critically ill patients is impor-
tant to better target appropriate therapies for MI in this population.  

  Keywords     Acute non-coronary   •   Cardiac troponin   •   Atrial fi brillation and cTn   • 
  Sepsis and cTn   •   Respiratory failure and cTn   •   Gastrointestinal bleeding and cTn   • 
  cTn and atrial fi brillation  

   Not all elevated troponin results represent an acute myocardial infarction (AMI) 
and even not all myocardial injury results are ischemic in etiology. The preva-
lence of elevated hs-cTnT, i.e. above the 99th percentile, in patients with non-MI 
diagnoses varies but single studies report rates above 50 % of patients in consecu-
tive patients aged >40 years admitted to a district hospital [ 1 ,  2 ]. In the emergency 
department (ED) the prevalence of elevated hs-cTn in consecutively admitted 
patients may be 20 %, and most of them do not have an ACS [ 3 ,  4 ]. The challenge 
is to differentiate cardiac from systemic causes of myocardial injury as well as 
coronary from non- coronary and ischemic from non-ischemic causes [ 5 ] 
(Fig.  8.1 ).

   As shown in Fig.  8.1  it is often diffi cult to identify the exact underlying 
pathomechanisms and to categorize patients accurately in clinical practice as 
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 reasons may be multi-factorial and some acute diseases may be found in different 
categories. 

 In the following, an overview is given on prevalence, potential mechanisms and 
clinical relevance of elevated cTn in patients with atrial fi brillation, sepsis, respira-
tory failure, or gastrointestinal bleeding. Clinical cases are exemplifi ed to illustrate 
presentation, clinical work-up and interpretation in clinical practice. 
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  Fig. 8.1    Distribution of reasons of elevated cardiac troponin. Often causes for troponin elevation 
are multifactorial with myocardial ischemia (coronary, non-coronary, cardiac) contributing to vari-
able extent (Data from references 5 and 19)       
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    Case 1 

  A 76-year old male presents to an ED with dizziness and palpitations. He reported 
recent onset of exercise intolerance and shortness of breath when climbing more 
than 1 stair. Symptoms progressively worsened culminating the day of admission. 
There is a history of arterial hypertension, but otherwise no coronary risk factors 
and no cardiovascular disease. Physical examination revealed tachycardia with a 
heart rate of 123 bpm with an irregular pulse, no additional heart sounds, no mur-
murs on heart auscultation, normal lung auscultation, no signs of heart failure. 
Blood pressure was elevated at 160/100 mmHg. The standard ECG showed atrial 
fi brillation at a rate of 123 bpm, signs of LV hypertrophy but was otherwise 
unsuspicious.  

  On laboratory testing, all parameters were normal except for an elevated NT-pro 
BNP at 650 ng/L and an elevated hs-cTnT at 37 ng/L at presentation. Laboratory 
values were normal for thyroid function, renal function and haemoglobin, differen-
tial blood count, and C-reactive protein. After 3 h, hs-cTnT increased from 37 ng/L 
to 49 mg/L (>35 % rise).  

  Diagnostic work-up included a transthoracic echocardiography and blood gas 
analysis. On echocardiography there was a moderate LV hypertrophy with evidence 
for impaired LV relaxation on tissue Doppler. Otherwise echocardiography showed 
normal LV function, valvular function, no pericardial effusion and no regional wall 
motion abnormality. On blood gas analysis there was normal oxygenation and oxy-
gen saturation.  

  Based on all clinical informations, the patient received a diagnosis of lone atrial 
fi brillation and acute myocardial injury as suggested by elevated hs-cTnT with a 
relevant rise at serial testing. Given the absence of signs or symptoms suggestive of 
MI acute myocardial injury was causally related to atrial fi brillation with inade-
quate rate control. The patient was given metoprolol to reduce heart rate below 
70 bpm and was continued with 100 mg metoprolol OD. Based on a CHA   2   DS   2   -Vasc 
score of 3 points and a low bleeding risk, the patient was started on an oral Factor 
Xa inhibitor (20 mg Rivaroxaban OD). An electrical cardioversion was scheduled 
after 3 weeks of continuous intake of the oral anticoagulant, and a coronary MS-CT 
was planned to rule-out signifi cant CAD 2 weeks after successful electrical 
cardioversion.  

    Cardiac Troponin and Atrial Fibrillation 

 Atrial fi brillatin (AF) has become a relevant public health burden due to increasing 
prevalence and its sequelae of TIA/stroke and peripheral thrombembolism [ 6 ,  7 ]. 
The exact pathomechanism for AF has not been fully elucidated. The most likely 
process of the most prevalent form of lone atrial fi brillation involves an age-related 
structural remodelling with connective tissue deposition and fi brosis as well as 
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electrophysiological alterations that facilitate initiation and perpetuation of AF [ 8 , 
 9 ]. Several additional mechanisms are being discussed to contribute, e.g. infl amma-
tion, oxidative stress and neurohumoral activity [ 10 – 12 ]. 

 With introduction of more sensitive cTn assays it becomes increasingly evident 
that elevated hs-cTn level are also associated with the prevalence and incidence of 
AF [ 13 – 18 ]. Various mechanisms in patients with atrial fi brillation are believed to 
lead to release of cardiac troponin. The 3rd version of the Joint ESC/ACCF/AHA/
WHF defi nition of MI designate acute or chronic cTn elevations outside the clinical 
context of myocardial ischemia as myocardial injury [ 19 ]. The exact pathomecha-
nism for release of cTn has not been fully understood but is believed to include 
myocardial ischemia that is exaggerated by oxidative stress, impaired microvascu-
lar fl ow including the effect of elevated cardiac and systemic angiotensin II and 
endothelin-1 levels leading to vasoconstriction, impaired intracellular calcium han-
dling, and activation of redox-sensitive signalling pathways [ 20 ]. Troponin eleva-
tion has been reported to occur in the absence of MI or manifest coronary artery 
disease [ 21 – 23 ]. Potential reasons include uncontrolled ventricular rate causing 
oxygen demand/supply mismatch, pressure overload, impaired microvascular fl ow, 
atrial calcium overload, oxidative stress, or alterations in tissue structure [ 24 – 26 ]. 

 A small retrospective multicentre study on 662 patients demonstrated that 
patients presenting with AF and elevated cTn receive more cardiac testing and have 
more positive tests than those with normal cTn or those in whom cTn is not being 
measured [ 27 ]. 

 In large epidemiological studies [ 16 – 18 ,  28 ] higher baseline levels of hs-cTn 
were associated with incident AF in covariate-adjusted analyses. In the CHS study 
[ 16 ] 4262 older adults free of AF with hs-cTnT measured at enrolment. During a 
follow-up of 11.2 years, 32 % developed AF. There was a concentration dependent 
risk to develop AF with a HR of 1.75 in the highest tertile vs undetectable. This risk 
of incident AF was independent of traditional risk factors, incident heart failure and 
biomarkers of infl ammation and hemodynamic strain [ 16 ]. In the ARIC study [ 17 ], 
a prospective community cohort that included 10,584 middle aged adults free of 
AF. Over a follow-up duration of up to 12 years, incidence of AF was associated 
with increasing baseline hs-cTnT concentrations. Participants with hs- 
cTnT > 14 ng/L had a n adjusted HR of 1.78 compared to those with undetectable 
hs-cTnT concentrations (<5 ng/L). In the population-based Gutenberg Health Study 
on the fi rst 5000 participants [ 18 ], several novel biomarkers measured and related to 
a history or a documented presence of AF. In adjusted multivariate analyses stron-
gest associations were detected between per standard deviation increase of NT-pro 
BNP (HR2.89). In the Framingham Heart Study [ 28 ], levels of ST2, GDF-15 and 
hs-cTnI were measured at enrolment in 3217 participants without prevalent AF and 
subjects were followed for 10 years for incidence of AF and other outcomes [ 28 ]. 
After adjustment for AF risk factors, C-reactive protein and BNP, only hs-cTnI 
remained signifi cantly associated with incident AF. The importance of troponin in 
an AF population was fi rst reported from the Randomized Evaluation of Long-term 
Anticoagulant Therapy (RE-LY) biomarker substudy [ 13 ]. It was demonstrated that 
detectable level of cTnI were observed in 55 % of 6189 patients randomized to 
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 warfarin or Dabigatran, and that cTnI improved prediction of stroke or systemic 
embolism, cardiovascular death, and improved risk prediction for stroke and CV 
death when added to the CHADS 2  or CHA 2 DS 2 -Vasc Score [ 13 ]. The results of the 
RE-LY substudy were confi rmed in the ARISTOTLE trial [ 14 ,  15 ]. In the 
ARISTOTLE Study [ 14 ] hs-cTnI was measured in 14,821 atrial fi brillation patients. 
Detectable rates were found in 98.5 % and levels exceeding the 99th percentile in 
9.2 %. After adjustment, hs-cTnI was associated with a raised risk of stroke, cardiac 
death, and major bleeding and improved the C-statistics of the CHA 2 DS 2 -Vasc 
Score for stroke or systemic embolism, and for cardiac death [ 14 ]. Similar results 
were found for hs-cTnT albeit the proportion of patients with level close to and 
slightly above the 99th percentile were higher than with hs-cTnI (50 % had values 
>11 ng/L and 25 % had level >16.7 ng/L). Elevated level of hs-cTnT were indepen-
dently predictive of stroke or systemic embolisation, cardiac death, and major 
bleeding, and improved the predictive value of the CHA 2 DS 2 vasc Score for stroke 
and death [ 15 ]. 

 Another RE-LY substudy [ 29 ] evaluated the prognostic importance of persistent 
elevation of cTn in 2514 patients with AF with cTnI levels measured at randomisa-
tion and after 3 months. Patients with detectable cTnI level at both time points had 
higher rates of stroke, death and thrombembolic events than those with transient 
elevations or those without elevations. Interestingly, persistent elevation achieved a 
C-statistic of 0.644 for stroke as compared to 0.611 for the CHADS 2  score [ 29 ]. 

 Cardiac troponin elevations in patients with AF has been reported to be associ-
ated with higher all-cause and CV mortality [ 13 ,  14 ,  30 ]. In addition, cTn has been 
found to predict subsequent AF in patients with or without stroke and undiagnosed 
AF, following CABG [ 31 ] and has been related to early incidence of early recur-
rence of AF in patients with AF [ 32 ]. 

 The CHADS 2  and CHA 2 DS 2 -Vasc Score are the most commonly used scores. Both 
scores have a modest predictive value for identifying high risk subjects for stroke with 
C-statistics ranging from 0.6 to 0.8 (median 0.683) for CHADS 2  and 0.64 to 0.79 
(median 0.673) for CHA 2 DS 2  Vasc suggesting a need for improvement [ 33 ,  34 ]. 

 Troponin is being detected very often in patients with AF and are being related 
to adverse outcomes. However, little is known about the effect of therapeutic inter-
ventions such as electrical or pharmacological cardioversion, rhythm control using 
antiarrhythmic agents or rate control on cTn levels. A recent small study on 60 
patients reported that improved rate control reduced cTnT levels in patients with 
permanent AF [ 35 ]. 

 Reduction of baseline heart rate from 95 ± 15 bpm to mean heart rates between 
77 and 82 bpm by diltiazem, verapamil, metoprolol, or carvedilol decreased cTnT 
signifi cantly from 11.8 (±6.8) to concentrations between 10.8 and 11.7 ng/L. 

 Given the association between detectable cTn and manifest or incident AF, it is 
anticipated that an elevated cTn is being measured in patients presenting with TIA 
or stroke, and may be useful to predict CV risk after cerebrovascular ischemia [ 36 , 
 37 ]. In a registry on 193 consecutive patients admitted for acute stroke, an elevated 
hs-cTnT was measured in 33.7 % of patients previously tested negative with a con-
ventional sensitive cTnT assay [ 37 ].  
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    Case Annotation 

 This patient presented with lone atrial fi brillation with uncontrolled high heart rate. 
Along with elevated hs-cTnT at presentation there was a relevant rise on subsequent 
blood sampling but without additional clinical criteria to diagnose a type I or type II 
MI. Accordingly, the fi ndings of elevated hs-cTnT at baseline with a relevant con-
centration change at serial sampling were classifi ed as acute myocardial injury. Due 
to low level of suspicion for MI, invasive coronary angiography was not considered 
for the acute evaluation but a CT angiography was scheduled for a later time point. 
However, evaluation of patients with AF require further diagnostic workup since 
these patients were found to have a higher risk of stroke, recurrent AF, and higher 
risk of CV death. In the present case, echocardiography did not reveal evidence for 
regional wall motion abnormality or structural heart disease. Acute treatment of 
tachyarrhythmia has to be individualized according to fi ndings from subsequent 
diagnostic work-up taking into consideration several acute and chronic conditions 
that may explain acute or chronic troponin elevations (Table  8.1 ).

        Case 2 

  A 63-year old male is admitted to ED with new onset of fever (39 °C), coughing, and 
tachycardia. Blood pressure on admission is 110/75 mmHg. Chest X ray shows 
pneumonia of the right lower lobe with pleural effusion. Blood gas analysis shows 
hypo-oxygenation with 90 % oxygen saturation and a PO   2    of 89 mmHg under 2 liter 
oxygen supply. ECG is unsuspicious except for a heart rate of 95 bpm on admission. 
Laboratory testing reveals leukocytosis of 14,000/nl, a moderately elevated 
C-reactive protein (13 mg/dl) but highly elevated procalcitonin level (4 μg/L, deci-
sion cutoff 0.2 μg/L), normal serum creatinine (0.9 mg/dl), normal liver function. 
Patient received immediately antibiotic treatment for pneumonia with criteria of 
severe infl ammatory response syndrome. During the next hours, the patient devel-
oped hypotension requiring fl uid replacement and inotropic support and also devel-
oped acute renal failure. Hs-cTnT level on admission were slightly above the 99th 
percentile value on admission (23 ng/L) and increased to 157 ng/L during the next 

   Table 8.1    Troponin and AF: key points to remember   

 In patients admitted with AF to an ED elevated hs-cTn/cTn is highly prevalent 
 Elevated hs-cTn indicates higher risk for incident and recurrent AF, and occurrence of AF post 
surgery 
 Higher risk for incident TIA/stroke and CV death 
 Reasons for cTn release multi-factorial indicating complex co-morbidities 
 Elevated cTn associated with tachycardia 
 Risk stratifi cation for TIA/stroke and CV death, treatment according to underlying reason (MI, 
non-MI) 
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24 h. There is no history of cardiovascular disease and no risk factors including 
diabetes or smoking. After adjustment of initial antibiotic therapy to the antibio-
gram that identifi ed Pseudomonas aeruginosa as the pathogen, patients recovered 
to normal within several days. At discharge, hs-cTnT has declined to normal values 
(9 ng/L).  

    Cardiac Troponin and Sepsis 

 Severe sepsis and septic shock can be complicated by myocardial dysfunction even 
in patients without pre-existing CAD, and cardiac failure may contribute to poor 
outcome in these patients [ 38 ]. Obstructive CAD is frequently absent [ 39 – 41 ] and 
the mechanism for release of cTn is not fully elucidated. Several factors have been 
found to contribute to cTn release including cytokine-mediated cardiac cell injury 
with transient loss of membrane integrity, diastolic dysfunction and microvascular 
thrombotic injury [ 42 ,  43 ]. A recent meta-analysis on 17 studies with a total sample 
size of 1857 patients found that to be signifi cantly associated with an almost two- 
fold increased risk of death [ 44 ]. In another meta-analysis of conventional troponin 
T or I and sepsis, including 1227 patients, elevated cTn that was present in 61 % and 
was found to be an independent predictor of mortality [ 45 ]. 

 Troponin as a risk factor for mortality in critically ill patients without acute coro-
nary syndromes [ 41 ]. 

 Few studies have assessed the clinical utility of hs-cTn in patients with sepsis and 
septic shock. Wilhelm et al. [ 46 ] studied 313 patients with sepsis and septic shock 
in the ED, of whom 63 % had elevated hs-cTnT at admission. Among the 125 
patients with severe sepsis or septic shock, nearly 80 % of patients had hs-cTnT 
above the 99th percentile of 14 ng/L. Although non-survivors showed signifi cantly 
higher values of hs-cTnT than survivors, in the multivariate logistic regression 
model, the only variables independently related to 30-day mortality were Acute 
Physiology And Chronic Health Evaluation II (APACHE II) score, creatinine levels 
and history of CAD Røsjø et al. [ 38 ] measured hs-cTnT levels in 207 patients with 
severe sepsis/septic shock, of whom 80 % had hs-cTnT values above the normal 
99th percentile cut-off value. High hs-cTnT levels on inclusion were associated with 
severity of disease, multiple organ dysfunction, creatinine levels and peak 24-h dose 
of dobutamine and noradrenaline. However, hs-cTnT did not provide independent 
prognostic information for in-hospital mortality after adjustment for potential con-
founders. Landesberg et al. [ 47 ] studied 106 patients with sepsis and septic shock, 
of whom 88 % had hs-cTnT above the 99th percentile cutoff of 14 ng/L. In patients 
with low APACHE II score, hs-cTnT independently predicted mortality. De Groot 
et al. [ 48 ] evaluated 292 patients with suspected sepsis in the ED and found that hs-
cTnT was an independent predictor of in-hospital mortality. Bergenzaun et al. [ 49 ] 
studied 49 critically ill patients (two-thirds with septic shock), of whom 92 % had 
elevated hs-cTnT above the 99th percentile cut-off value of 14 ng/l, and found that 
hs-cTnT was an independent predictor of 1-year mortality. After performing a 
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receiver operating characteristic curve for hs-cTnT and 1-year mortality [area under 
the receiver operating characteristics curve (AUC) 0.76], the cut-off value with best 
accuracy was 118 ng/l, which yielded a sensitivity of 72 % and specifi city of 82 %. 

 Values of hs-cTn at ED presentation and changes over time are signifi cantly 
higher in patients with AMI than in patients with acute cardiac non-coronary disor-
ders, and absolute changes of hs-cTn over time are superior to relative changes in 
this setting [ 50 ]. Unfortunately, it is often very diffi cult, if not impossible, to differ-
entiate among these different causes with our current non-invasive clinical tools. At 
present, however, routine troponin testing in septic patients is not recommended [ 5 ].  

    Case Annotation 

 Troponin elevation in SIRS or sepsis is common and often not associated with sig-
nifi cant CAD or structural heart disease. The mechanism for release of cTn in SIRS, 
sepsis or septic shock is not fully understood but may be multifactorial. In the case 
presented several factors may have contributed such as a combination of infl amma-
tory mediators in conjunction with a myocardial oxygen demand-supply mismatch 
(Table  8.2 ). Troponin elevation in SIRS and sepsis is associated with a worse prog-
nosis. However, it is unclear whether any cardiovascular intervention could improve 
outcomes.

        Case 3 

  A 26-year old female presents to ED with increasing coughing and greyish expecto-
ration for several days, no fever, history of shortness of breath for several months 
with a recent increase in intensity. She also complains chest pain during exercise. 
She reported a history of bronchial asthma and a previous infection with pertussis 
on two consecutive years. She also reported a family history of MI, and is ex-smoker 
with 7 pack-years total cigarette exposure. No diabetes mellitus, no hypercholester-
olemia, no arterial hypertension. Physical examination including neurological, car-
diac and lung examination did not reveal any relevant fi ndings including a normal 
blood pressure.  

   Table 8.2    Sepsis, acute respiratory failure, GI bleed: points to remember   

 Elevated troponin highly prevalent in critically ill patients (>50 %) 
 cTn release multi-factorial including ischemic, cardiac and systemic reasons 
 Exclude acute MI, if large spontaneous MI is likely weigh-out risk and benefi ts of conservative 
vs invasive therapy taking into account general condition and co-morbidities 
 Elevated troponin level indicate higher short-term and long-term mortality 
 Treat the acute underlying disease (GI bleed, respiratory failure, SIRS/sepsis) immediately and 
start to search for underlying reasons of troponin elevation 
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  Standard-ECG showed a normal axis, sinus rhythm with a rate of 96 bpm, no 
signs of LV hypertrophy, no previous MI, and no right ventricular strain. Chest 
X-ray revealed no infi ltrates or effusion, no pneumothorax and no other suspicious 
fi ndings. On blood gas analysis, there was a marked hypo-oxygenation with an 
oxygen saturation of 87 %, a pO2 of 49 mmHg, a pCO2 of 51 mmHg, and a pH 7.29. 
Angio-CT of the lung was performed to exclude the presence of pulmonary embo-
lism given a moderate pretest probability of pulmonary embolism. However, 256 
MS-CT angiography excluded pulmonary embolism and detected only mild signs of 
acute bronchitis without lung infi ltrates or other lung abnormalities.  

  On echocardiography there was a mildly depressed LV function with a hypo-
kinesia of the apical segment of the anterior, septal and lateral wall. Laboratory 
testing showed a marked leukocytosis without detectable C-reactive protein 
(<5 mg/dl) and a procalcitonin level < 0.1 μg/L. In addition, D-dimer was ele-
vated more than 3-times above the decision cutoff for VTE. The value of hs-cTnT 
at baseline was below the limit of detection but increased after 3 h to 37 ng/L and 
to 143 ng/L after 6 h. In the presence of an elevated hs-cTnT with a relevant rise 
from a normal baseline value to a hs-cTnT > 10-fold the 99th percentile value, 
chest pain and regional wall motion abnormality on echocardiography, the 
patient was diagnosed as NSTEMI and underwent a coronary angiography 
immediately after reporting of the last blood test result. However, coronary angi-
ography did not fi nd a signifi cant obstruction of an epicardial coronary artery, 
except for a 30 % circumscipt atherosclerotic plaque on the right coronary artery. 
Therefore differential diagnoses were suspected and the patient received a con-
trast-enhanced cardiac MRI for exclusion of Tako Tsubo cardiomyopathy or 
myocarditis. In the absence of an unequivocal diagnosis of Tako Tsubo cardio-
myopathy or myocarditis, acute myocardial injury was related to acute respira-
tory failure.  

    Cardiac Troponin and Respiratory Failure 

 Critically ill patients with cardiac involvement are at higher risk than others. Large 
numbers of investigations have documented elevations in 30–50 % of patients [ 51 ]. 
The mechanism depends on the clinical circumstances. Patients who have acute 
respiratory failure have a 30-fold increase in mortality when cTn is elevated. There 
are a number of potential pathophysiological mechanisms that could explain the 
interaction between COPD and cardiovascular disease. These include spill-over of 
pulmonary infl ammation directly leading to development of atheromatous plaque 
formation and arterial re-modelling, development of pulmonary hypertension in 
COPD leading to right ventricular systolic failure, smoking as a shared risk factor, 
and lung hyperinfl ation reducing intra-thoracic blood volume and left ventricular 
performance [ 52 ]. The relationship between CV morbidity and COPD is supported 
by the benefi cial effects of medications such as statins and β-blockers in patients 
with COPD [ 53 ,  54 ]. 
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 Vasile et al. [ 51 ] reported on a consecutive series of patients with respiratory 
failure admitted to an intensive care unit (ICU). Among 4433 patients, 2078 patients 
(46.9 %) had a cTnT value on admission constituting the study cohort. Of these, 878 
(42.3 %) had elevated cTnT and 1200 patients (57.7 %) had undetectable cTnT. An 
elevated cTnT elevations was found to be independently associated with in-hospital, 
short-term and long-term mortality. The majority of patients had bacterial pneumo-
nia, aspiration pneumonia, respiratory arrest, pulmonary edema and pulmonary 
embolism. There were several specifi c subsets of patients with severe acute respira-
tory disease including 1018 patients who met the clearly defi ned criteria for a diag-
nosis of acute respiratory failure, 1586 patients with acute lung injury, and 34 
patients with an acute respiratory distress syndrome. In all subsets, the presence of 
an elevated cTnT in-hospital and long-term mortalities were more than 30-times 
higher than in patients with undetectable cTnt [ 51 ]. Consistently, Bajwa et al. [ 55 ] 
studied 248 patients with adult respiratory distress syndrome (ARDS) and blood 
results of whom 89 patients (35 %) had at least one elevated cardiac marker level. 
The presence of an elevated cardiac marker was associated with signifi cantly higher 
mortality (p = 0.01) and was an independent predictor of mortality (p = 0.02) among 
patients with lower severity of illness (APACE III <79 points). A signifi cant asso-
ciation between increasing quintiles of troponin I level and mortality rate was 
observed. 

 Patients with at least one elevated cardiac marker also had signifi cantly more 
organ system derangement, including non-cardiovascular organ system failures 
(p = 0.02). 

 Saaby et al. [ 56 ] included a series of 4499 patients of whom 553 patients received 
a diagnosis of AMI. Sub-classifi ed by infarct subtype according to the Universal MI 
defi nition, 386 (72 %) had a type 1 myocardial infarction and 144 (26 %) had a type 
2 myocardial infarction. In an analysis of mechanisms underlying a type 2 MI ane-
mia, tachy-arrhythmias, and respiratory failure (30 of 144) were the most prevalent 
conditions [ 56 ]. 

 Lee et al. [ 57 ] studied 152 patients with community-acquired pneumonia (39.5 %), 
health care-associated pneumonia (40.8 %), and hospital-acquired pneumonia 
(19.7 %). Eighty-eight (58 %) patients had detectable cTnI levels (median, 0.049 ng/
mL. There was a strong association between elevated cTnI levels and mortality with 
an adjusted HR of 1.398. Sparse data are available for acute exacerbation of COPD. In 
a meta-analysis on 37 studies including 189,772 study subjects [ 58 ] requiring hospi-
talization for acute exacerbation of chronic obstructive pulmonary disease, cardiac 
troponin was found to predict short-term mortality with a HR of 3.16.  

    Case Annotation 

 The present case demonstrates nicely the challenge to correctly interpret hs-cTnT. In 
presence of an equivocal clinical presentation driven by signs and symptoms of 
acute respiratory failure that are not explained by LV function clinical judgement 
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and experience is paramount to initiate a diagnostic work-up that enables an early 
and accurate diagnosis. Given the clinical presentation, the diagnosis of acute respi-
ratory failure of unknown reason was made after exclusion of other life-threatening 
acute diseases including pulmonary embolism, acute MI, or traumatic lung injury. 
Critical reduction of oxygen saturation may cause myocardial ischemia resulting in 
myocardial injury, even in the absence of underlying signifi cant CAD or structural 
heart disease.   

    Case 4 

  A 54-year old male presents to ED with weakness and hypotension. ECG shows 
sinus rhythm with tachycardia at 105 bpm. Physical examination is normal except 
for a mild resistance of the upper abdomen. There is a history of rheumatoid arthri-
tis and the patient takes continuously non-steroidal anti-infl ammatory drugs for 
several months. The patient developed diabetes mellitus 5 years ago that is treated 
with metformin. In addition there is a history of arterial hypertension and hyperlip-
idemia, and the patient takes ramipril 10 mg OD and simvastatin 20 mg OD. No 
known cardiovascular disease or previous coronary intervention. Laboratory test-
ing revelead a haemoglobin of 7.5 mg/dl and a haematocrit of 27. There is a mild 
leucocytosis and a small elevation of C-reactive protein. Serum creatinine is slightly 
increased to 1.4 mg/dl corresponding to a eGFR of 64 ml/min. Hs-cTnT was 22 ng/L 
on admission and remained stable at 24 ng/l after 3 and after 6 h. The patient 
received urgently endoscopy that showed active gastric bleeding presumably due to 
non-sterioidal drug. Patient received an endoscopic intervention with clipping of 
the arterial ulcer and recovered after blood transfusion. The patients remained 
hemodynamically stable and was discharged home.  

    Cardiac Troponin and GI Bleeding 

 Vasile et al. [ 59 ] evaluated cardiac cTnT levels of 1076 critically-ill patients con-
secutively hospitalized with a diagnosis of acute GI bleeding. Admission troponin 
measurements were available in 70.1 % of cases. Of these, 43.6 % had cTnT above 
the 99th percentile cutoff. The investigators found that albeit elevated cTn was pre-
dictive for long-term outcomes but not independently predictive for short-term out-
comes when the severity of the acute illness was adjusted. The association between 
troponin elevations and long-term survival persisted even after adjustment for sever-
ity of illness as evaluated by APACHE III prognostic system, cardiovascular co- 
morbidities, and risk factors [ 59 ]. An important fi nding of this study was that 
endoscopy was safe for patients with acute GI hemorrhage seen in the ICU even 
when troponin levels upon admission are elevated. The study suggests that initial 
management should be focused on the GI bleeding. After successful treatment there 
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is an opportunity to intervene in these patients at a later time point, particularly 
when the underlying mechanism has been identifi ed [ 59 ]. In another series of 
patients with signs of gastrointestinal bleeds, a total of 19 % demonstrated cTnI 
release. Age greater than 65 years, signs of hemodynamic instability at presentation, 
a recent history of cardiac disease, cardiovascular compromise following endos-
copy, and re-bleeding were associated with troponin release [ 60 ]. 

 Possible reasons for elevated troponin in the presence or absence of a relevant 
coronary stenosis include a type 2 MI due to the imbalance between oxygen demand 
and supply in the light of anemia, hypovolemia, tachycardia, cardiac toxicity of 
catecholamine use [ 61 ,  62 ]. A common mechanism between bacterial infection 
leading to gastric ulcer and a systemic infl ammatory state that leads to the vulnera-
bility of atherosclerotic plaque within coronary arteries has been described [ 63 ]. 
The coincidence of severe bleeding and a spontaneous type 1 MI, or a type IVb MI 
due to stent thrombosis after interruption of antiplatelet or anticoagulant therapy in 
the prodromal phase of bleeding event has to be considered, as well.  

    Case Annotation 

 Troponin elevation in critically ill patients with severe GI bleeds is not uncommon 
occurring in about 40 % of cases. Elevated troponin is associated with an adverse 
long-term outcome. The acute risk is rather predicted by severity of illness (APACHE 
score) and baseline characteristics and not by troponin elevation. The primary clini-
cal efforts should be directed toward care of the GI bleeding. After successful treat-
ment and discharge, there is an opportunity to intervene in these patients if a 
signifi cant CAD or another treatable reason for elevated cTn can be detected.   

    Summary 

 Prevalence of elevated hs-cTnT (above the 99th percentile) with relevant concentra-
tion changes in patients without an ACS is high, and elevated hs-cTn is associated 
with adverse long-term outcomes, irrespective the exact underlying reason. 

 Differentiation between ischemic and non-ischemic reasons is particularly chal-
lenging as ischemic and non-ischemic mechanisms frequently co-exist. 
Understanding the etiology of troponin elevation in critically ill patients is impor-
tant to better target appropriate therapies for MI in this population.     
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    Chapter 9   
 Use of cTn for Detection of More Chronic 
Disease States                     

     Ravi     H.     Parikh       and     Christopher     R.     deFilippi    

    Abstract     Progressively higher levels of cTn measured by new high sensitive 
assays, typically well below the range of detection by contemporary cTn assays, are 
associated with a pattern of both abnormal cross-sectional fi ndings with cardiac 
imaging and risk factors as well as adverse prognostic consequences in a wide 
range of chronic settings ranging from the asymptomatic general populations to 
subjects with known coronary or structural heart disease. However, as of this writ-
ing the role for high sensitive cTn assays outside the evaluation and management of 
acute coronary syndromes is still a work in progress. Both data and hence guide-
lines are not ready to provide direction for the evaluation of the asymptomatic 
patient. This remains an area of intense research and ultimately after the completion 
of appropriately powered and designed intervention trials based on patient selection 
by high sensitive cTn level, the role for cTn testing may extend well beyond the 
patient with AMI.  

  Keywords     cTn for detection of chronic disease states   •   Troponins in chronic CAD   
•   cTn and chronic kidney disease   •   Chronic kidney disease and cTn   •   Cardiac tropo-
nin T   •   cTn IN ACC/AHA STAGE B HEART FAILURE  

   With the recent introduction of high sensitive assays, it has become apparent that 
even small elevations of cardiac troponin (cTn) levels are strong prognostic risk 
markers across a spectrum of acute and chronic cardiovascular diseases. This 
chapter will explore the use and interpretation of cTn in those without acute 
myocardial infarction (AMI), particularly with respect to chronic kidney disease 
(CKD), stable coronary artery disease (CAD), and American College of 
Cardiology (ACC)/American Heart Association (AHA) stage B heart failure 
(HF) consisting of asymptomatic structural heart disease, specifi cally those with 
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left ventricular systolic dysfunction (typically a low left ventricular ejection frac-
tion [LVEF]), left ventricular hypertrophy (LVH), and valvular disease [ 1 ]. 
Improving low-end accuracy of cardiac troponin measurement in order to 
increase the sensitivity for detection of AMI has come at the cost of lower speci-
fi city for AMI with many other conditions (cardiac and systemic) being associ-
ated with elevated levels. In longitudinal studies, these non-AMI associated cTn 
elevations are usually associated with poor prognosis irrespective of the underly-
ing etiology for their elevation [ 2 ]. Examples of these conditions are as diverse 
as sepsis [ 3 ], pulmonary hypertension [ 4 ], and sleep apnea [ 5 ] among many oth-
ers. Furthermore, progressively higher cTn levels in asymptomatic community 
based populations using the newest generation of high sensitive assays have 
shown signifi cant associations with cardiac risk factors, structural cardiac abnor-
malities, and longitudinal associations with adverse events including cardiovas-
cular/all-cause mortality and HF [ 6 – 15 ]. 

    cTn in CKD/ESRD 

    Clinical Case 1 

 A 58 year old African American man with history of CKD stage III secondary to 
long-standing HTN and diabetes is admitted to the hospital for right lower extremity 
cellulitis and was found to have two elevated cardiac troponin T (cTnT) levels in the 
emergency department (presentation 60 ng/L and 7 h later, 65 ng/L). Based on the 
absence of change (loosely defi ned as ≥20 %) in cTn levels and no diagnostic ECG 
changes or symptoms of cardiac ischemia, he was “ruled-out” for AMI. Although he 
does not meet criteria for an AMI, what is the signifi cance of these elevated troponin 
concentrations? 

 Many studies have evaluated the prognostic signifi cance of elevated cTnT and 
cardiac troponin I (cTnI) with both the contemporary and high sensitive assays 
in patients with CKD (defi ned as an estimated glomerular fi ltration rate [eGFR] 
<60 mL/min/1.73 m 2 ) and end-stage renal disease (ESRD, defi ned as the require-
ment for renal replacement therapy [RRT]). It is well-known that patients with 
kidney disease have both detectable and elevated (above the 99th percentile of 
the general population) baseline levels of circulating cTn. With high sensitive 
assays, the percentage of those with a detectable and elevated level increases, 
with virtually all subjects having detectable levels [ 16 – 18 ]. Elevated levels in 
CKD patients not on RRT, irrespective of symptoms or known cardiovascular 
disease, have a poor prognosis. In this population, a recent meta-analysis by the 
Agency for Healthcare Research and Quality focusing on the contemporary, 
non-high sensitive cTn assays, found cTnT associated with all-cause mortality 
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(pooled adjusted hazard ratio [HR] 3.4, 95 % CI 1.1–11.0 and pooled odds ratio 
[OR] 3.0, 95 % CI 1.4–6.7) and major adverse cardiac events (MACE; pooled 
adjusted HR 2.7, 95 % CI 1.1–7.6). cTnI also was associated with all-cause mor-
tality (pooled adjusted HR 1.7, 95 % CI 1.2–2.7) but not MACE [ 19 ]. Studies 
with high sensitive cTnT and cTnI in patients not on RRT have shown similar 
prognostic results. The large National Institute of Health (NIH)-sponsored mul-
ticenter chronic renal insuffi ciency cohort (CRIC) study with 3243 well-charac-
terized participants showed strong associations between baseline high sensitive 
cTnT levels and cardiovascular risk factors, structural cardiac pathology, and 
longitudinal outcomes [ 16 ,  17 ,  20 ]. Eighty-four percent of participants in the 
cohort had detectable levels of high sensitive cTnT with higher levels strongly 
associated with LVH, older age, African American and Hispanic race, male gen-
der, diabetes, higher blood pressure, among other factors [ 16 ]. Longitudinal out-
comes in this cohort showed increased new-onset (incident) HF (adjusted HR 
4.8, 95 % CI 2.5–9.1, median follow-up 6 years) when comparing the groups 
with undetectable cTnT (<3 ng/L) and those in the highest quartile of cTnT [ 17 ]. 
These fi ndings were congruent with the large PREVEND observational study 
involving 1505 patients with mostly mild CKD where cTnT, also measured with 
the high sensitive assay, was a signifi cant prognostic marker of cardiovascular 
events [ 21 ]. 

 For patients on RRT, elevated cTn levels are also associated with a poorer prog-
nosis. A meta-analysis of studies conducted from 1999 to 2004 found that non high 
sensitive cTnT was associated with all-cause mortality (relative risk [RR] 2.64, 
95 % CI 2.17–3.20) and cardiac death (RR 2.55; 95 % CI 1.93–3.37) and cTnI was 
associated with all-cause mortality (RR 1.74, 95 % CI 1.27–2.38) [ 22 ]. A more 
recent meta-analysis focusing mostly on studies using more contemporary, but still 
not high sensitive, cTn assays found similar results in dialysis patients [ 19 ]. 

 The etiology of persistently elevated levels of troponin in patients with CKD 
regardless of whether or not they are on RRT remains incompletely explained, 
whether it is from increased cardiac production or decreased renal clearance. 
However, the preponderance of evidence suggests that simultaneous ongoing car-
diac injury and not decreased clearance of cTn as the main etiology for detectable 
levels in this population. Potential mechanisms of cardiac injury including ongoing 
myocyte damage from uremic toxicity [ 23 ], oxidative injury [ 24 ,  25 ], supply/
demand mismatch with resulting ischemia [ 26 ], infl ammation [ 27 ,  28 ], and dialysis 
related physiologic changes [ 29 ]. A small post-mortem anatomic study specifi cally 
focusing on patients with ESRD and elevated pre-mortem cTnT levels showed that 
all 6 patients had underlying cardiac pathology regardless of the cause of death [ 30 ]. 

 Both cTnI and cTnT are detectable in most patients with CKD and ESRD and are 
associated with an increased presence of cardiovascular risk factors and underlying 
structural heart disease with increased risk of progressing to symptomatic heart dis-
ease and cardiovascular death.   
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    cTn IN Chronic CAD 

    Clinical Case 2 

 A 68 year old Caucasian asymptomatic man with history of hypertension, hyperlip-
idemia, and known CAD on prior angiogram has an elevated cTn. What is the sig-
nifi cance of this fi nding? 

 Several studies have reported cross-sectional and prognostic implications of ele-
vated cTn in patients with stable CAD. Omland et al. showed in 3679 patients with 
stable CAD enrolled in the PEACE trial (a study of trandolapril versus placebo in 
subjects with chronic CAD), there was cross-sectional and prognostic information 
in elevated levels of cTnT using the high sensitive assay. Patients in the study at 
baseline all had stable CAD with a mean age of 63.6 years, majority Caucasian, 
male, and frequently had co-morbidities including diabetes, hypertension, and 
stroke. Figure  9.1  shows the cumulative incidence of cardiovascular death divided 
by quartile of cTnT. There was increased risk of cardiovascular death (HR 2.1, 95 % 
CI 1.6–2.7), HF (HR 2.2, 95 % CI 1.7–2.9) but not AMI (HR 1.16, 95 % CI 0.97–
1.40) in the lowest compared to highest cTnT quartiles [ 31 ]. Furthermore, the addi-
tion of cTnT to NT-proBNP (a biomarker already established to provide prognostic 
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information in this cohort and others with stable CAD in addition to those with HF) 
modestly but signifi cantly improved prediction for cardiovascular mortality. In the 
HOPE study, another study of patients with known vascular disease or diabetes with 
at least one other cardiovascular risk factor, investigators found higher cTnT levels 
(also measured with the high sensitive assay) associated with subsequent AMI, HF, 
and cardiovascular mortality [ 32 ]. A third study, the HEART and SOUL study of 
veterans with known CAD, has also confi rmed these fi ndings [ 33 ].

   The prognostic role of cTnI, again measured with a high sensitive assay, was also 
evaluated in patients enrolled in the PEACE trial. Almost all of the patients (98.5 %) 
had cTnI levels above the limit of detection of the assay and increasing quartiles of 
cTnI were associated with traditional clinical and laboratory risk factors. 
Prognostically, there was an increased risk of cardiovascular death or nonfatal HF 
(HR 1.3, 95 % CI 1.2–1.5) and nonfatal MI (HR 1.2, 95 % CI 1.0–1.4) per 1- standard 
deviation increase in the log of cTnI. Interestingly the association between levels of 
cTnI and cTnT was only moderate (R = 0.44) with each being independently predic-
tive of HF and cardiovascular death. The fact that only cTnI was predictive for AMI 
suggests the presence of differing underlying biological properties among cTn 
assays which may account for their different prognostic information [ 34 ]. This fi nd-
ing will need to be further explored in other studies of at-risk chronic heart disease 
populations.   

    cTn IN ACC/AHA Stage B Heart Failure 

    Clinical Case 3 

 A 74 year old African American patient with a long-standing history of HTN is 
being evaluated for the fi rst time in clinic. Despite being asymptomatic, a routine 
ECG is diagnostic for LVH and echocardiography confi rms this fi nding. Does the 
measurement of cardiac troponin in the blood assist in further risk stratifying this 
patient? 

 The 2013 ACC/AHA guidelines defi ne stage B HF as the presence of asymptom-
atic structural heart disease which includes LVH, asymptomatic left ventricular sys-
tolic dysfunction, asymptomatic valvular disease, and prior MI [ 1 ]. This patient 
qualifi es as having ACC/AHA Stage B HF as defi ned in the introduction based on 
the presence of LVH. Stage B HF is also associated with a high prevalence of tradi-
tional cardiovascular risk factors and longitudinal studies have shown increased 
progression to symptomatic HF (stages C and D) [ 35 – 37 ]. The role of cTn, espe-
cially when measured with a high sensitive assay, in the prognostication of patients 
with stage B HF is gaining recognition as a powerful independent risk-factor with 
population-based, epidemiological studies [ 6 – 9 ]. 

 LVH is typically a byproduct of multiple factors including pressure load, volume 
load, demographics which includes genetic factors, and co-morbidities. In the 
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Framingham Offspring Study, increase in LV mass (LVM) was associated with age, 
gender, body mass index (BMI), systolic blood pressure, antihypertensive medica-
tions, smoking, and diabetes over a period of 16 years [ 38 ]. As a corollary, increased 
LVM is a risk factor for developing asymptomatic decreased LVEF and HF including 
subtypes with preserved and reduced LVEF [ 35 ]. Similar fi ndings were observed in 
a prospective older community dwelling cohort in whom LVH was associated with 
increased risk of progression to a decreased LVEF with or without symptoms [ 39 ]. 

 Three studies have evaluated the association of high sensitive cTn with LVH and 
risk of progression to HF and death in the general population. In the Dallas Heart 
Study, 9.2 % of the 2413 participants in the total cohort had LVH and among those, 
45.7 % had detectable (>3 ng/L) cTnT. During a median follow-up of 8 years, those 
with LVH and a detectable cTnT level had over a 2-fold increase in the risk of HF 
or cardiovascular death compared to the group with LVH and undetectable cTnT 
[ 40 ]. Similar fi ndings were observed in older adults from the Cardiovascular Health 
Study using cTnT also measured with the high sensitive assay. In this study subjects 
could frequently be differentiated between HF with reduced versus preserved LVEF 
(HFrEF and HFpEF, respectively). Similar to the Dallas cohort, but now with a 
median follow-up of over 13 years, the presence of LVH and higher levels of cTnT 
was associated with the highest incidence and risk of HF (Fig.  9.2 ). Elevated levels 
of cTnT at baseline appeared particularly good at differentiating which patients 
with LVH would develop HFrEF (HR 7.8, 95 % CI 4.4–13.8) versus HFpEF (HR 
2.6, 95 % CI 1.4–4.8) when comparing the highest tertile of cTnT with LVH versus 
the lowest tertile without LVH. [ 41 ] The association of LVH and cardiac troponin 
is not unique to cTnT. A study of 2460 Framingham Offspring participants without 
HF and complete echocardiographic assessment found cTnI, measured with a high 
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sensitive assay, associated with LVH or a low LVEF (adjusted OR 1.2, 95 % CI 
1.1–1.3). In this same cohort cTnI was also a signifi cant predictor of HF and cardio-
vascular death [ 14 ]. In conclusion, detectable levels of circulating cTnT and cTnI 
portend a poor prognosis in those with underlying LVH.

   Given the high incidence and signifi cant economic burden of HF, there has been 
recent interest in developing screening tests to identify those with asymptomatic 
low LVEF (≤50 %) in an attempt to diagnose and initiate treatments earlier to pre-
vent progression to clinical HF. The prevalence of an asymptomatic low LVEF in 
the Framingham Heart Study was reported at 6.0 % in men and 0.8 % in women and 
was associated with incident HF and mortality [ 35 ]. However, cTn alone, even when 
using a highly sensitive assay, is not an accurate screening test for a low LVEF. Further 
insight into the detection of asymptomatic structural heart disease may be provided 
with the combination of cTn testing, natriuretic peptide testing, and longitudinal 
outcomes. Levels of NT-proBNP and high sensitive cTnT in a cohort from the 
Cardiovascular Health Study found a signifi cant association between the upward 
trajectories of both biomarkers over 2–3 years and development of an abnormal 
LVEF (<50 %) [ 42 ]. While two studies have shown that natriuretic peptide levels 
can be useful to guide therapy in general populations with risk factors to prevent HF 
hospitalizations and death, no such study has yet been conducted with cTn assays 
[ 43 ,  44 ]. 

 Valvular heart disease is a fi eld where the application of cTn may begin to assist 
in short-term management and long-term prognostication. Current ACC/AHA 
guidelines recommending surgery in those patients who have symptoms or who are 
asymptomatic with structural heart disease [ 45 ] are problematic in determining sur-
gical necessity in those who have asymptomatic disease with risk factors for pro-
gression. A cross-sectional study evaluating 131 patients with mostly symptomatic, 
hemodynamically severe aortic stenosis (AS) found cTnI detectable (using a non- 
high sensitive assay) in 56 % and associated with symptoms of HF [ 46 ]. Two studies 
evaluated the prognostic role of cTnT and cTnI measured with high sensitive assays 
in patients with AS. The fi rst study offers a comparison between the contemporary 
and high sensitive cTnT assay in 57 patients with moderate or severe AS. All patients 
had detectable cTnT when measured by the high sensitive assay (median 180 ng/L) 
compared to only 9 patients having detectable cTnT with the 4th generation test. 
High sensitive cTnT was associated with larger left ventricular dimensions, higher 
peak velocities across aortic valve (AV), and greater LVM. After a median follow-
 up of 769 days, there were 8 deaths and 30 patients underwent AV replacement 
surgery. Prognostically, cTnT levels >27 ng/L was independently associated with 
all-cause mortality [ 47 ]. The second study evaluated cTnI, measured with a high 
sensitive assay, in two different cohorts with AS. One cohort (n = 122) with mild to 
severe AS was used to determine cross-sectional associations between cTnI and 
structural and functional heart disease while the other cohort (n = 131) consisting of 
asymptomatic participants with moderate to severe AS was used to determine lon-
gitudinal associations with cTnI levels. cTnI levels above 1.2 ng/L (lower limit of 
detection) were present in 98 % of patients with AS. Cross-sectionally, cTnI was 
independently associated with greater left ventricular mass and myocardial fi brosis 
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on cardiac MRI (Fig.  9.3 ). Over a median follow-up of 10.6 years, there were 24 
cardiovascular deaths and 60 patients who underwent AV replacement surgery in 
the longitudinal cohort. Figure  9.4  shows the survival curves of the outcomes 
divided by tertile of cTnI. On multivariate analysis, cTnI level was associated with 
both AV replacement and cardiovascular mortality [ 48 ]. In summary, cTn measured 
by a high sensitive assay provides insight into the severity of myocardial pathology 
and morbidity/mortality with AS. Measurement of cTn may ultimately become 
incorporated into algorithms to determine necessity of AV replacement prior to the 
onset of severe symptoms.

  Fig. 9.3    Comparison of two patients with similar severity of AS but differing hs-cTnI levels. 
Patient A with the higher troponin level was found to have higher LVMI, extent of fi brosis on 
cardiac MRI, and more collagen deposition on myocardial biopsy (From Ref. [ 48 ], with 
permission)       
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         Conclusion 

 Progressively higher levels of cTn measured by new high sensitive assays, typically 
well below the range of detection by contemporary cTn assays, are associated with 
a pattern of both abnormal cross-sectional fi ndings with cardiac imaging and risk 
factors as well as adverse prognostic consequences in a wide range of chronic set-
tings ranging from the asymptomatic general populations to subjects with known 
coronary or structural heart disease. However, as of this writing the role for high 
sensitive cTn assays outside the evaluation and management of acute coronary syn-
dromes is still a work in progress. Both data and hence guidelines are not ready to 
provide direction for the evaluation of the asymptomatic patient. This remains an 
area of intense research and ultimately after the completion of appropriately pow-
ered and designed intervention trials based on patient selection by high sensitive 
cTn level, the role for cTn testing may extend well beyond the patient with AMI.     
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    Chapter 10   
 Use of High-Sensitive cTn Assays 
for the Evaluation of Patients Potentially 
at Risk for Cardiovascular Disease                     

     Kai     M.     Eggers       and     Per     Venge     

    Abstract     There is increasing interest in measurement of cardiac troponin (cTn) 
levels for assessment of subjects from the community. Given the low prevalence of 
cardiovascular (CV) disease, the utility of cTn as a screening tool in the general 
population however, is debated. Measurement of cTn levels might instead be clini-
cally useful in selected at-risk cohorts. In fact, several studies have consistently 
demonstrated that cTn levels in these cohorts are strong predictors of adverse out-
come, mainly with respect to mortality and the development of heart failure. cTn 
levels also provide prognostic value beyond that obtained from standard risk assess-
ment including measurement of other circulating biomarkers and might thus, serve 
as an important component in primary prevention. 

 In this chapter, we review the evidence on this topic including results from stud-
ies in selected at-risk cohorts, i.e. subjects with prevalent CV risk factors, diabetics 
and the elderly. The summarized notion from these investigations is that cTn mea-
surements likely might serve as a ‘gatekeeper’ in the future, in particular to facilitate 
the identifi cation of subjects with at-risk features in whom additional testing is 
needed to detect the particular source of cardiac injury and to design appropriate 
clinical responses.  
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   The burden of cardiovascular disease (CV) is increasing worldwide. This has gener-
ated interest in strategies to estimate the risk of developing CV disease in community- 
dwelling subjects, and to detect and monitor CV disease at stages that might be 
modifi able by lifestyle interventions or pharmacotherapies. 

 Traditional risk factors (e.g. hypertension, hyperlipidemia, diabetes, smoking) 
do not fully explain the interindividual variation of risk. Standard clinical assess-
ment (e.g. physical examination, ECG recordings) is moreover, not always sensitive 
enough to detect the subtle alterations associated with evolving CV disease. Because 
of the considerable need to improve risk detection, measurement of circulating CV 
biomarkers has been suggested as an important complement. However up until now, 
biomarker measurements are not considered in European guidelines for primary 
prevention [ 1 ] and U.S. guidelines only suggest measurement of C-reactive protein 
levels in subjects in whom standard risk assessment remains uncertain [ 2 ]. The 
reluctance regarding the broader application of biomarker measurements depends 
on concerns regarding cost-effectiveness and the lack of prospective studies docu-
menting clinical benefi t. From a conceptual perspective however, at-risk cohorts 
from general populations could be particularly suitable for biomarker-guided man-
agement as the (assumed) higher prevalence of CV disease in these cohorts would 
increase the utility of such an approach. 

 The cardiac troponins (cTn) are one of the most promising biomarkers in this 
regard. cTn is mainly bound to the thin fi lament of the contractile apparatus of cardio-
myocytes, and its physiologic role is to control and regulate cardiac muscle contrac-
tion. In situations associated with acute myocardial damage, a considerable amount 
of cTn is released into the circulation. cTn levels may however, also be detectable in 
clinically stable subjects from the general population. The fi rst reports on this issue 
have been published about 10 years ago [ 3 ]. These studies however, were based on 
results obtained using assays with, from todays perspective, suboptimal sensitivity. 
This hampered in-depth analyses regarding the mechanisms associated with cTn 
release. During recent years, high-sensitivity cTn assays with a 10- to 100-fold lower 
limit of detection compared with conventional methods have been developed. Latest-
generation prototype assays yield measurable cTn concentrations in almost all healthy 
individuals [ 4 ]. With the use of these assays, it has become clear that cTn levels are 
associated with several aspects of chronic heart disease, entities portending to its 
development and the complications thereof in the years that follow. 

 In this chapter, we will present cases illustrating the implications of cTn levels in 
subjects at risk for developing CV disease. We will summarize the conditions con-
tributing to cTn release in these cohorts with special emphasis on the elderly and 
diabetics. The role of cTn for the detection of chronic CV disease states is dealt with 
elsewhere in this book. We will moreover discuss issues that need to be considered 
if cTn measurement should be taken forward into clinical practice in at-risk sub-
jects. As high-sensitivity assays soon will be standard, we will limit our review of 
the literature to studies using such assays. 
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    Case 1: cTn Levels in a Patient with Prevalent CV Risk 
Factors 

 This case is a male with hypertension and dyslipidemia who has been smoking since 
age 20. His body mass index is 28 kg/m 2  and his LDL-cholesterol level is 170 mg/
dL. He has a history of prostate cancer which had been treated with radiation ther-
apy. At age 67, this patient participated in a routine health control. At that time, he 
was on continuous medication with betablockers and ACE-inhibitors. His blood 
pressure was 160/80 mmHg. The standard 12-lead ECG demonstrated surprisingly 
lateral ST-segment changes although the patient was free from exertional angina. 
Blood tests showed CRP 1.0 mg/L, NT-proBNP 1815 ng/L and creatinine 
78 μmol/L. The cTnI level (Abbott Architect) was 12 ng/L (99th percentile 26 ng/L). 
Because of the ECG fi ndings and the elevated NT-proBNP levels, the patient was 
referred for an echocardiography which was without evidence of left-ventricular 
(LV) hypertrophy, diastolic or systolic dysfunction. A treadmill test was not 
performed. 

 Three years later, the patient developed rapidly accelerating exertional chest pain 
for which he was hospitalized. A coronary angiography revealed a severe stenosis of 
the proximal segment of the right coronary artery which was treated by placement 
of a drug-eluting stent. At this time point, the patient started a medication with anti-
platelets, atorvastatin and stopped smoking. 

 Two years after the coronary intervention, the patient had again developed mild 
and stable angina. His LDL-cholesterol level had decreased to 108 mg/dL but the 
NT-proBNP level had increased to 2199 ng/L with a concomitant increase in cTnI 
levels to 35 ng/L. For this reason, a new echocardiography was performed which 
demonstrated an impaired LV systolic function (LVEF 0.45). Consequently, the 
ACE-inhibitor dosage was increased to the maximally tolerated dose and the patient 
is since then followed with regular check-ups by his cardiologist. 

    Discussion 

 This case illustrates how results from combined testing of cTnI and NT-proBNP 
might signal the need for further cardiac evaluation, in this case with respect to LV 
abnormalities and possibly, coronary artery disease. It also highlights that higher 
cTn levels may be found when CV risk factors are present, e.g. hypertension, dys-
lipidemia, smoking but also diabetes and chronic kidney disease [ 5 – 8 ]. Higher cTn 
levels are moreover associated with increased LV mass, subnormal LVEF and dia-
stolic dysfunction, entities that may be asymptomatic precursors of heart failure. 
cTn release in these conditions is mediated by increased LV fi lling pressures 
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resulting in myocardial wall stress, infl ammatory processes and/or oxidative stress 
[ 9 ]. A higher prevalence of LV abnormalities in combination with decreased suben-
docardial perfusion is also likely the cause of higher cTn levels seen in subjects with 
coronary artery disease [ 10 ]. 

 There is thus, convincing evidence that cTn levels are elevated early on in the 
process of evolving CV disease, and intimately related to the progression towards 
adverse events. Measurement of cTn levels might therefore, be particularly useful in 
subjects with CV risk factors or those who already have developed CV disease. This 
is supported by data from the ULSAM study demonstrating stronger associations of 
cTnT with adverse outcome in subjects with prevalent CV disease compared to 
those without [ 7 ]. 

 The prognostic implications of cTn levels in subjects at risk for cardiac disease 
has been confi rmed in the HOPE study which enrolled subjects with either prevalent 
vascular disease or diabetes in combination with at least one additional CV risk fac-
tor. Over 4.5 years of follow-up, both cTnT and cTnI (Beckman-Coulter) exhibited 
independent and graded associations with CV death or myocardial infarction and 
improved metrics of prognostic discrimination [ 11 ,  12 ].   

    Case 2: cTn Levels in a Subject with Diabetes 

 The next case is an elderly, slightly overweight male smoker with non-insulin 
dependent diabetes type 2 since 23 years. His diabetes was reasonably well- 
controlled although admittedly he did not care very much about keeping strict diet. 
He had also pharmacologically treated hypertension and dyslipidemia with essen-
tially normal blood pressure and lipid profi le. Otherwise, this patient had no history 
of CV disease. At age 81 and 86, he underwent extended medical check-ups. His 
BMI at the fi rst visit was 31 kg/m 2  and at the second visit 5 years later 25 kg/m 2 . His 
blood pressure at the fi rst visit was 154/78 mmHg and 118/60 mmHg at the second 
visit. The blood tests from the fi rst visit showed LDL-cholesterol 77 mg/dL, CRP 
2.7 mg/L and creatinine 81 μmol/L. At the second visit, blood tests showed LDL- 
cholesterol 109 mg/dL and creatinine 100 μmol/L. The cTnI level (Abbott Architect) 
was 36 ng/L at the fi rst visit and 58 ng/L at the second visit. 

 While the CRP and creatinine results were non-alarming at the fi rst visit, the 
creatinine level at the second visit showed a tendency towards elevation especially 
when the patients decreasing muscle mass was considered, thus suggesting a micro-
vascular disease process in the kidney. At his fi rst visit, the level of cTnI was at the 
level of the 99th percentile for males (34 ng/L) whereas the second result was 
clearly elevated and suggested ongoing myocardial damage. At the second visit, he 
had no obvious symptoms and signs of myocardial infarction or heart failure and the 
elevated cTnI levels were interpreted to be the consequences of microvascular dis-
ease in the myocardium caused by his diabetes, but a poor prognostic sign. Five 
weeks after this visit, the patient suffered from a myocardial infarction complicated 
by an ischemic stroke and passed away. 
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    Discussion 

 Approximately 6 % of the middle-aged population in the United States have diabetes, 
and twice as many have prediabetes. Diabetes signifi cantly increases the risk for ath-
erosclerotic disease depending on an overrepresentation of CV risk factors, e.g. hyper-
tension, obesity, dyslipidemia with elevated triglycerides and reduced HDL- cholesterol, 
and renal dysfunction. Hyperglycemia and insulin resistance are probably also direct 
culprits at the cellular level. Patients with diabetes are at considerable risk for vascular 
complications and have a high prevalence of often asymptomatic CV disease. 

 The association between diabetes type 2 and the risk of premature death in CV 
disease is common knowledge [ 13 ,  14 ]. It has also been well documented that levels 
of cardiac markers such as cTn are elevated in blood in patients with diabetes but 
also in those with diabetes and no clinical CV disease [ 15 ]. Whether such elevations 
only refl ect advanced arteriosclerosis in the coronary arteries or are direct conse-
quences of glycation of myocardial structures resulting in microvascular and myo-
cardial cell injuries is uncertain [ 16 ,  17 ]. Interestingly, an association between 
elevated cTnT levels and the development of microvascular complications, i.e. in 
the kidney, in diabetes was also recently shown and enhanced the prediction of end- 
stage renal disease beyond established risk factors [ 18 ,  19 ]. Thus, in any cohort 
studies on the predictive value of new biomarkers, the presence of diabetes has to be 
adjusted for to know the true predictive value of such biomarkers. 

 The clinical usefulness and utility of cTn for the prediction of adverse outcomes in 
CV disease in diabetes type 2 and whether these assays may be used to modify treat-
ment has remained uncertain. However, with the recent introduction of the high-sen-
sitivity cTn assays, results are emerging that indicate that this might be the case. Thus, 
in the Women’s Health Study [ 20 ] and in the larger ADVANCE study [ 21 ], cTnT 
independently predicted major CV events and was clearly more powerful in this regard 
than conventional predictors. In a recent multicenter study in Europe, cTnT was one 
of six biomarkers that added to the prediction of CV disease over the Framingham 
score [ 22 ]. One limitation, though, of these studies was the fact that levels of cTnT 
were found undetectable in more than 35 % of the participants, a fact which might 
underestimate the predictive power of cTnT, especially in women. A second limitation 
might be the fact that the ADVANCE study included a somewhat selected group of 
patients with diabetes type 2. Thus, before we can conclude the clinical utility of high-
sensitivity cTn, these studies should be confi rmed by community-based studies of 
unselected participants and also by assays of higher sensitivities that are able to mea-
sure cTn in blood of the vast majority (i.e. >95 %) of such populations.   

    Case 3: cTn Levels in an Elderly Subject 

 This case is an elderly male without previous manifestations of CV disease. His 
body mass index is 27 kg/m 2  and he is a non-smoker. At age 70, he underwent a 
medical check-up. The standard 12-lead ECG and routine blood tests were normal 
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apart from LDL-cholesterol 116 mg/dL. Levels of CRP and NT-proBNP were 
3.9 mg/L and 143 ng/L, respectively. The cTnI level (Abbott Architect) was 29 ng/L 
which is above the assays 99th percentile (26 ng/L) but below the sex-specifi c 99th 
percentile of 34 ng/L. The patient was well-being and physically active. 

 A routine ECG control 5 years later revealed a left bundle branch block which 
was not known since before. The patient denied any cardiac complaints at that time. 
However, subsequent blood tests showed an increase in the NT-proBNP level to 
1341 ng/L and in the cTnI level to 45 ng/L. For this reason, he was referred for an 
echocardiography which showed a slightly depressed LV ejection fraction of 0.50. 
No medical action was undertaken. 

 Seven months later, the patient was admitted to the hospital because of conges-
tive heart failure associated with increasing fatigue and exertional shortness of 
breath. Anginal complaints were denied. The echocardiography showed mildly 
dilated chambers and the LV ejection fraction had further decreased to 0.40. The 
coronary angiography showed only mild stenoses. The patient started a medication 
with diuretics including spironolactone, betablockers, angiotensin-II receptor 
blockers, antiplatelets and a statin. 

 Since then, the patient’s condition has improved. The last echocardiography 5 
years after the hospitalization showed a partial reconstitution of the LVEF to 0.50. 
NT-proBNP levels have decreased to 300–500 ng/L upon further outpatient- controls. 
The patient has at present no cardiac symptoms and participates regularly in a phys-
ical training program. 

    Discussion 

 Ageing is associated with extensive alterations in CV anatomy and biochemistry 
[ 23 ]. With higher age, there is an increasing degree of tissue fi brosis due to increased 
collagen deposition and cross-linking, resulting in myocardial and vascular stiff-
ness. Arterial stiffening results in a progressive rise in systolic blood pressure which 
increases impedance to LV ejection and consequently myocardial work and oxygen 
demand. Coronary oxygen supply may at the same time be reduced due to epicar-
dial coronary artery disease depending on the life-time accumulated impact of CV 
risk factors. Myocardial fi brosis moreover, contributes to elevated LV enddiastolic 
fi lling pressures. The added effect of these alterations is a progressive rise in the 
prevalence of diastolic and systolic heart failure with increasing age. In fact, more 
than 50 % of hospitalizations for congestive heart failure occur in patients above age 
75. Because of higher enddiastolic fi lling pressures, the proportion of LV fi lling dur-
ing atrial contraction also increases which results in a subsequent dilatation of the 
left atrium. This predisposes to the development of atrial fi brillation, the most com-
mon arrhythmia in the geriatric population. 

 Many of these conditions may contribute to cTn release from the myocardium. 
This has been closer studied in three large studies investigating elderly community- 
dwelling subjects. In the Cardiovascular Health Study, higher cTnT levels were 
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associated with lower LVEF, increased LV mass and coronary artery disease [ 5 ]. 
These fi ndings were confi rmed in the PREDICTOR study [ 24 ]. Similar as for 
NT-proBNP, the diagnostic accuracy of cTnT regarding the detection of elevated LV 
mass and impaired LV systolic function however, was only limited in that study 
emphasizing the need to specify subgroups in whom cTn measurement would be 
particularly useful. Data from the PIVUS study demonstrated that also levels of 
cTnI (Abbott Architect) were associated with increased LV mass, lower LVEF and 
indicators of coronary artery disease, even after multivariable adjustment [ 6 ]. 

 Given these data, it is not surprising that outcome studies consistently demon-
strated a strong prognostic value of cTn levels over and above standard CV risk 
assessment in the elderly, in particular with respect to mortality and heart failure 
hospitalizations (Table  10.1 ) [ 5 – 7 ]. While the association with ischemic cardiac 
events usually is less impressive in these studies, data from the ULSAM Study 
revealed an independent association between cTnT levels and the risk for future 
stroke [ 7 ]. This may refl ect the association between cTn and atherosclerosis [ 5 ,  6 ] 
but also atrial fi brillation, a major cause of ischemic stroke in the elderly. In this 
setting, cTn levels correlate with the presence of spontaneous echocardiographic 
contrast and thrombi in the atria [ 25 ] which might represent a mechanistic link.

   With the projected doubling in the size of the geriatric population between 
2010 and 2030, elderly patients with CV disease will consume a considerable 
proportion of clinicians’ time and health care resources. Clinicians may thus, 

   Table 10.1    Associations of cardiac troponin levels with adverse outcome in populations at risk for 
cardiovascular disease   

 Reference  n  Analyte 
 All-cause 
mortality 

 CV 
mortality 

 Coronary 
events 

 Incident 
HF  MACE 

  Diabetics  
 Hillis 
(2014) [ 21 ] 

 3862  cTnT 
(Roche) 

 1.5 
(1.4-1.7) 

 –  –  –  1.5 
(1.4-1.7) 

 Looker 
(2015) [ 22 ] 

 2310  cTnT 
(Roche) 

 –  –  –  –  1.6 
(1.4-1.8) 

  Elderly subjects  
 deFilippi 
(2010) [ 5 ] 

 4221  cTnT 
(Roche) 

 –  1.5 
(1.4-1.7) 

 –  1.4 
(1.3-1.6) 

 – 

 Eggers 
(2013) [ 6 ] 

 1004  cTnI 
(Abbott) 

 1.4 
(1.2-1.8) 

 1.7 
(1.2-2.3) 

 –  –  – 

 Eggers 
(2013) [ 6 ] 

 940  cTnT 
(Roche) 

 1.3 
(1.1-1.5) 

 1.5 
(1.3-1.9) 

 1.4 
(1.2-1.6) 

 –  1.4 
(1.2-1.6) 

 Dallmeier 
(2015) [ 7 ] 

 1422  cTnT 
(Roche) 

 2.2 
(1.6-2.9) 

 –  –  – 

 Dallmeier 
(2015) [ 7 ] 

 1422  cTnI 
(Abbott) 

 1.9 
(1.6-2.4) 

 –  –  –  – 

  Data are given as hazard ratios with 95 % confi dence intervals from Cox regressions using continu-
ous cTn levels as dependent variable with adjustment for age, sex and cardiovascular risk factors. 
  CV  cardiovascular,  HF  heart failure,  MACE  major cardiovascular events  
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appreciate cTn measurements as a tool to identify elderly subjects in particular 
need for preventive interventions, e.g. improving blood pressure and glycemic 
control. On the other hand, low cTn levels might support clinicians in their deci-
sions about not starting or stopping medications with potential harmful 
side-effects. 

 This raises the question from which level a cTn result should raise attention. 
Notably, age is one of the strongest contributors to higher cTn levels with a break-
point around age 60–65 from which cTn levels progressively start to rise [ 26 ]. This 
makes it diffi cult to defi ne any prognostically useful cTn threshold. The commonly 
used cut-off in acute settings, i.e. the 99th percentile derived from healthy popula-
tions, does not fully cover the wealth of clinical and prognostic information pro-
vided by cTn levels as the prevalence of cardiac abnormalities and CV risk starts to 
rise at levels well below. This is illustrated by data from the CHS study, demonstrat-
ing an almost constant increase of risk starting at cTnT levels below the 99th per-
centile of 14 ng/L (Fig.  10.1 ) [ 6 ]. Optimal prognostic cut-offs usually have been 
described as 6–8 ng/L for cTnT [ 12 ] and tend to be even lower for cTnI [ 11 ,  27 ]. 
However, any single cut-off is problematic since it renders a continuous variable 
into a binary one. This is even more important in the elderly where a signifi cant 
overlap of cTn levels in subjects with and without the condition of interest is 
 common. A suitable approach to circumvene this dilemma might be the use of dual 
thresholds: one low cut-off to maximize sensitivity and one high cut-off to maxi-
mize specifi city, leaving a subset of subjects with indeterminate test results warrant-
ing further evaluation.

        Is Measurement of cTn Levels Justifi ed? In Whom, Why 
and When? 

 Measurement of cTn levels for the assessment of at-risk cohorts requires the 
 consideration of some important issues. Most importantly, there is a need to defi ne 
such cohorts. Widespread cTn screening in the general population can at present 
not be recommended. However, screening may be justifi ed in subjects with 
 pathologic ECG fi ndings or known CV or coronary artery disease. The higher 
prevalence of cardiac abnormalities in these subjects will improve the predictive 
accuracy of cTn, i.e. lower the number of subjects needed to be referred for fur-
ther evaluation in case of an elevated level. This would improve the cost-benefi t 
of such an approach to an acceptable level, similar as shown for B-type natriuretic 
peptide [ 28 ]. 

 Second, the interpretation of cTn results is not straightforward and several 
caveats need to be considered. An understanding of the performance characteris-
tics of the used cTn assay is essential as available methods differ in many aspects, 
see Chap.   2     in this book. This relates to the problems regarding the defi nition of 
appropriate decision thresholds. Age and sex strongly infl uence cTn levels why 
the use of sex-adjusted 99th percentiles has been recommended in acute settings. 
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It is however, not clear whether sex-adjustment will be needed at lower thresh-
olds, i.e. prognostically useful cut-offs in community populations, as the relative 
contribution of sex likely will become less important at these low levels. However, 
the fl ipside of any lowered cut-off will inevitably be a larger number of false-
positive test results and an increased relative importance of the biological vari-
ability of cTn. 

a

b

  Fig. 10.1    Adverse events in relation to cTnT levels (ng/L) in participants from the CHS study 
(n = 3707; median follow-up 11.8 years). ( a ) Incident heart failure; ( b ) cardiovascular death (Data 
adapted from Ref. [ 5 ]). Study participants had been divided into cohorts with undetectable cTnT 
levels (<3.0 ng/L; n = 1427) and into quartiles in case of detectable cTnT levels. The numbers of 
events within each stratum are given at the bottom of the columns       
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 Third, measurement of cTn levels will only be meaningful if this signifi cantly 
improves clinical information beyond that obtained from standard risk assessment. 
As outlined above, data from several studies convincingly demonstrate that cTn lev-
els carry prognostic information in at-risk cohorts that is incremental to traditional 
CV risk factors and even C-reactive protein or the B-type natriuretic peptides [ 5 – 8 , 
 11 ,  15 ,  20 ,  21 ]. Changes in serially measured cTn levels augment the prognostic 
information obtained from single results. Data from the Cardiovascular Health 
Study suggest that increases in cTnT levels over a 3-year period predict CV death 
and heart failure, independent of traditional risk predictors and the baseline cTnT 
value [ 5 ]. The PIVUS study provided similar information when cTnI levels (Abbott 
Architect) were measured at age 70 and 75 [ 6 ]. In both studies, increases in cTn 
levels were associated with a greater burden of CV risk indicators, e.g. higher age, 
male sex, hypertension, coronary artery disease, poorer kidney function and impaired 
LVEF. Even new onset of atrial fi brillation appears to contribute to increasing levels. 
However, optimized time intervals for repeat testing of cTn still need to be defi ned. 

 Finally, measurement of cTn levels is only warranted if a positive fi nding has a 
clinical consequence, e.g. referral for echocardiography, lifestyle interventions or 
pharmacological treatment. This in turn requires that the benefi cial effects of such 
measures would go hand in hand with a reduction of cTn levels. This still is the holy 
grail of any biomarker research. However up until now, we are lacking randomized 
trials to determine whether cTn-based interventions will improve CV outcomes. 
Observational data from available studies have so far provided mixed results. In 
PIVUS, no effect of the initiation of antihypertensive or lipid-lowering treatment, or 
coronary revascularization was seen on changes in cTnI levels between age 70 and 
75 [ 6 ]. Contrasting to this, data from WOSCOPS showed a reduction in cTnI levels 
(Abbott Architect) 1 year after randomization of subjects with a previous myocar-
dial infarction to treatment with Pravastatin [ 29 ]. Even lifestyle interventions in 
terms of regular physical exercise might lower cTn levels as shown by data from the 
Cardiovascular Health study [ 5 ].  

    Summary and Outlook 

 cTn levels measured with high-sensitivity assays provide important clinical informa-
tion in at-risk cohorts, both regarding the detection of preclinical or mild CV disease 
and the prediction of subsequent complications. This information is incremental to 
that obtained from standard clinical assessment including measurement of other bio-
markers. While the utility of cTn measurement in the general population is debated, 
it could serve as a tool to optimize management in at-risk cohorts. It is likely that 
cTn will have a ‘gatekeeper’ function in this setting, in particular to facilitate the 
identifi cation of subjects in whom additional testing is needed to detect the particular 
source of cardiac injury and to design appropriate clinical responses. However, 
appropriate diagnostic and therapeutic responses to cTn results still remain to be 
defi ned by studies that include assessments of both clinical outcomes and costs.     
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    Chapter 11   
 Other Biomarkers in Acute Coronary 
Syndrome                     

     Roxana     Ghashghaei       and     Nicholas     Marston     

    Abstract     Biomarkers play an important role in the early detection and diagnosis of 
acute coronary syndrome (ACS). While troponin is essential to the diagnosis of 
acute myocardial infarction, other markers have demonstrated utility in the setting 
of acute chest pain and ACS. CK-MB and myoglobin are two traditional markers 
that are frequently used in combination with troponin. More recently, novel markers 
such as pro-ADP, copeptin, and pro-ANP have shown promise in chest pain and 
may add to the clinical picture. This chapter will discuss the strengths, weaknesses, 
and supporting data for each of these traditional and novel chest pain biomarkers.  

  Keywords     Biomarkers in acute coronary syndrome   •   Acute coronary syndrome 
biomarkers   •   Troponin in coronary syndromes   •   Pro-ADP   •   Copeptin   •   Pro-ANP   • 
  CK-MB biomarker  

   Biomarkers play an important role in the early detection and diagnosis of acute 
coronary syndrome (ACS). While troponin is essential to the diagnosis of acute 
myocardial infarction, other markers have demonstrated utility in the setting of 
acute chest pain and ACS. CK-MB and myoglobin are two traditional markers 
that are frequently used in combination with troponin. More recently, novel mark-
ers such as pro-ADP, copeptin, and pro-ANP have shown promise in chest pain 
and may add to the clinical picture. This chapter will discuss the strengths, weak-
nesses, and supporting data for each of these traditional and novel chest pain 
biomarkers. 
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    Traditional Markers 

    CK-MB 

 Creatinine kinase-myocardial band (CK-MB) is the cardiac specifi c isoform of cre-
atinine kinase (CK) and is found in high concentrations in the myocardium. After an 
acute myocardial injury, CK-MB levels peak within 4–6 h. This delayed rise of 
CK-MB limits its early diagnostic utility for ACS [ 1 ]. However, after approximately 
8 h the negative predictive value of CK-MB reaches 95 % [ 2 ], providing valuable 
information for clinicians attempting to rule out myocardial infarction with serial 
sampling. 

 CK-MB is especially useful when assessing a patient for possible re-infarction. 
Its shorter half-life leads to normal values within 24–48 h after an event [ 1 ]. 
Troponin, on the other hand, is often elevated up to 2 weeks following an acute 
myocardial infarction [ 3 ] and will not be as reliable. In these situations CK-MB is 
the biomarker of choice and can aid in diagnosis of re-infarction. 

 Consecutive CK-MB measurements have also been shown to correlate with 
infarct size. This could be clinically useful and may provide insight into the 
extent of myocardial damage. Conversely, one study found that CK-MB rises 
later in smaller infarcts, resulting in lower sensitivity and specifi city within the 
fi rst 8 h of symptom onset. This effect is less evident in other biomarkers such as 
myoglobin [ 2 ]. 

 CK-MB can be found in many organs other than the heart, contributing to its lack 
of specifi city. Minor quantities are found in skeletal muscles including the dia-
phragm, intestine, uterus, and prostate. Thus an injury to any of these organs or in 
patients undergoing invasive surgical procedures can cause CK-MB levels to rise, 
effectively reducing its specifi city for myocardial injury. The combination of 
decreased specifi city and delayed rise on presentation brings to question the utility 
of CK-MB as an initial diagnostic biomarker for chest pain [ 1 ]. 

    Prognostic Value 

 In addition to its utility in diagnosing re-infarction, CK-MB appears to have 
 prognostic value in ACS. In one study, plasma levels of CK-MB were measured in 
8654 patients presenting with non-ST segment elevation ACS (NSTE-ACS). 
CK-MB positivity was found to be predictive of increased all-cause mortality in 
patients presenting with NSTE-ACS regardless of their troponin status. This study 
validated the prognostic role of the CK-MB biomarker in patients presenting with 
NSTE- ACS [ 4 ].   
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    Myoglobin 

 Similar to CKMB, myoglobin has traditionally been used alongside troponin in the 
assessment of chest pain. High concentrations can be found in both cardiac and 
skeletal muscle. The distinct advantage of myoglobin is its ability to detect myocar-
dial injury soon after chest pain onset, with plasma concentrations rising rapidly 1 h 
after the onset of myocardial necrosis. This is in contrast to cardiac troponin and 
CK-MB which often take more than 4 h to become detectable. This early rise of 
myoglobin provides high sensitivity and high negative predictive value early in the 
chest pain presentation [ 3 ]. 

 The clinical usefulness of myoglobin decreases over time due to its accelerated 
clearance. Within 7 h blood levels often return to near normal and the negative pre-
dictive value is greatly reduced. Additionally, myoglobin has low specifi city in 
patients with trauma (i.e. damage to skeletal muscles) or in patients with renal fail-
ure (i.e. reduced clearance of myoglobin). Therefore levels can be falsely elevated 
in these populations and the ability to assess ACS is signifi cantly limited [ 4 ]. 

    Prognostic Value 

 Myoglobin not only has a role in early diagnosis of myocardial infarction, but can also 
be used for prognostic value. Two large studies (Thrombolysis in Myocardial Ischemia/
Infarction (TIMI) study and Treat Angina with Aggrastat and Determine Cost of 
Therapy with an Invasive or Conservative Therapy-Thrombolysis In Myocardial 
Ischemia/Infarction (TACTICS-TIMI)) assessed myoglobin’s ability to risk stratify 
patients with non-ST elevation acute coronary syndrome (NSTE-ACS). Blood levels 
measured in over 2000 patients demonstrated an association between elevated myo-
globin and increased 6 month mortality in both populations. Notably, no signifi cant 
correlation was noted between elevated myoglobin levels and nonfatal myocardial 
infarction. After accounting for other factors including electrocardiographic changes, 
troponin, and CK-MB, the study concluded that elevated levels of myoglobin are inde-
pendently associated with an increased risk of 6 month mortality [ 5 ].    

    Novel Markers 

    Copeptin 

 Copeptin, or C-terminal pro-vasopressin, is a pre-cursor of the neurohormone argi-
nine vasopressin. Copeptin is co-released from the pituitary gland along with vaso-
pressin during signifi cant stressors such as an acute myocardial infarction [ 6 ]. Due 
to vasopressin’s short half life in plasma, the more stable copeptin is an ideal 
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surrogate marker [ 7 ]. Similar to myoglobin, copeptin rises rapidly upon release and 
peaks within hours [ 6 ]. This can be useful in early chest pain presentations when the 
troponin is still negative. On the other hand, the similarly rapid fall of copeptin can 
make the test less useful in later presentations (Fig.  11.1  [ 8 ]).

   This early rise and fall of copeptin led to interest in its diagnostic utility for 
AMI. It was hypothesized that normal levels of copeptin provided strong evidence 
against AMI. The CHOPIN trial (Copeptin Helps in the Early Detection of Patients 
with Acute Myocardial Infarction) [ 9 ] confi rmed this hypothesis by enrolling over 
2,000 patients with chest pain and found that if the initial troponin and copeptin 
were both negative then acute myocardial infarction could be ruled out with >99 % 
negative predictive value. The fi rst randomized control trial soon followed and con-
fi rmed that patients with a negative baseline troponin and copeptin could be safely 
discharged from the ED with low risk for 30 day events [ 10 ]. 

    Prognostic Value 

 While the diagnostic utility of copeptin is gaining strength, the prognostic value is 
a bit more established. The LAMP study was the fi rst large study to address the util-
ity of copeptin in ACS [ 11 ]. It showed that an elevated copeptin correlated with 
worse outcomes including death and heart failure at 60 days. Further studies have 
gone on to show that the prognostic value holds true as early as 30 days and beyond 
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1 year (Fig.  11.2a  [ 12 ]). Its predictive ability extends to patients with a range of 
disease severity including ST-elevation myocardial infarction (STEMI), non- 
STEMI, and non-ACS etiologies of chest pain [ 13 ].

        PRO-ADM and PRO-ANP 

 Midregional proadrenomedullin (pro-ADM) and midregional proatrial natriuretic 
peptide (pro-ANP) are two peptides released in response to hemodynamic stress 
and are emerging as novel biomarkers for risk stratifi cation of patients with acute 
coronary syndrome (ACS). MR-proADM is a segment of the prohormone adreno-
medullin, which is secreted from the adrenal medulla, vascular endothelial cells, 
and the myocardium in response to physical stretch in the context of volume and 
pressure overload. It acts as a strong vasodilator which also impacts cardiac contrac-
tility, diuresis, and natriuresis. Meanwhile, pro-ANP is a vasodilator and a natri-
uretic that is produced in the myocardium as a result of elevated intraatrial pressure 
[ 14 ]. Pro-ADM and pro-ANP have both been studied as biomarkers that offer the 
potential for more refi ned risk assessment of ACS and have been prognostically 
associated with adverse cardiovascular outcomes. 

    Prognostic Value 

 In a prospective observational multi center cohort study, 1386 patients with chest 
pain had plasma levels of pro-ADM and pro-ANP measured. Patients were followed 
for adverse outcomes including death, myocardial infarction, stroke and the need 
for revascularization. Those patients who experienced an adverse outcome had sig-
nifi cantly higher pro-ANP and pro-ADM levels. These biomarker elevations were 
typically present on admission and increased rapidly during the event [ 15 ]. In con-
trast, pro-ADM and pro-ANP were stable in patients with non-ACS chest pain. 

 The MERLIN TIMI (Metabolic Effi ciency With Ranolazine for Less Ischemia in 
Non ST-Elevation Acute Coronary Syndromes–Thrombolysis In Myocardial 
Infarction 36) trial also supported the prognostic role of pro-ADM and pro-ANP. It 
demonstrated that each marker was independently associated with increased risk of 
cardiovascular death and heart failure (Fig.  11.2b, c  [ 12 ]). This predictive value held 
true for STEMI patients where one study revealed pro-ADM levels at initial presen-
tation were strongly predictive of short and long term mortality [ 16 ], and another 
showed pro-ANP’s ability to independently predict all-cause mortality and major 
adverse cardiovascular events in STEMI patients undergoing percutaneous inter-
vention [ 17 ]. 

 In addition to prognostication, Pro-ADM and pro-ANP may be useful in guiding 
therapy. As part of the PEACE (Prevention of Events with Angiotensin Converting 
Enzyme) trial, plasma levels of pro-ADM and pro-ANP were measured in 3717 
patients with stable coronary artery disease. Patients were randomly assigned to 
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receive either trandolapril or placebo. Not only were elevated levels independently 
associated with the risk of cardiovascular death and heart failure, but the results 
implied that elevated levels of pro-ADM and pro-ANP may also be used to select 
patients who might benefi t from treatment with angiotensin converting enzyme 
inhibitors [ 14 ].    

    Conclusion 

 Cardiac biomarkers can be a useful tool in the evaluation of chest pain when used 
appropriately. Traditional markers such as CKMB and myoglobin have unique 
strengths distinct from troponin, providing additional clinical value. Specifi cally, 
CKMB is useful in cases of re-infarction when troponin remains elevated. 
Myoglobin on the other hand peaks earlier than troponin, making it useful in 
early presenters. Novel markers such as copeptin, pro-ADM, and pro-ANP also 
have distinct characteristics distinguishing them from troponin. They appear to 
aid in diagnosis, prognosis, and may even guide therapeutic interventions. More 
research is needed on these novel biomarkers to fully understand their clinical 
utility.  

    Case 1: Using Myoglobin to Detect Early Myocardial Ischemia 

 A 75-year old male presents to the emergency department with acute chest pain. 
The pain is substernal, 7 out of 10 in severity, and radiates to his left arm. It came 
on suddenly one hour ago while walking and has persisted to presentation. He 
denies diaphoresis, shortness of breath, nausea/vomiting and abdominal pain. He 
has a history of hypertension, diabetes mellitus, and hyperlipidemia with no known 
coronary artery disease. Social history is signifi cant for a 30 pack years of smoking 
but no alcohol and illicit drug use. On admission, the patient’s vital signs are notable 
for systolic blood pressures in the 130 s, HRs 60-65s and otherwise normal respira-
tory rate, and oxygen saturation. On physical exam he has clear lungs and normal 
S1 and S2 with no murmurs. Jugular venous distension is approximated 8 cm and 
there is no pedal edema. EKG is obtained and notable for non-specifi c t-wave fl at-
tening in lateral leads V5 and V6. In the ED he is given sublingual nitroglycerin 
which provides temporary relief. The fi rst set of cardiac troponin I and CK-MB are 
within normal limits but myoglobin is elevated to 14 ng/ml. Given his risk factors 
and clinical presentation, he is admitted for rule out of acute coronary syndrome. 
Once admitted, repeat troponins 6 and 12 h later uptrended from 0.059 to 0.169 ng/
ml, respectively. Concurrent CK-MB levels were mildly elevated at 10 and 13 ng/
ml, and myoglobin levels rose to 189 and 299, respectively. Given the typical chest 
pain, EKG fi ndings, and uptrending cardiac biomarkers, the patient was diagnosed 
with a Non-ST segment Elevation Myocardial Infarction (NSTEMI) and he was 
started on a heparin drip.  
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    Case 2: Using CKMB to Assess Possible Re-Infarction 

 The same 75-year old man is taken for cardiac catheterization the following morn-
ing. A drug-eluding stent is placed in the left circumfl ex artery and the patient is 
started on clopidogrel. That night after dinner he develops some burning chest dis-
comfort while lying fl at in bed. His cardiac exam is unremarkable and EKG 
unchanged from admission. Cardiac enzymes were repeated and show persistently 
elevated troponins at 0.281 and normal CKMB. The patient reports a history of 
GERD and ranitidine was given with signifi cant relief. The troponins were trended 
overnight and gradually downtrended. His CKMB remained negative. The follow-
ing day he was discharged home with aspirin, clopidogrel, statin, lisinopril, and 
metoprolol.     
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    Chapter 12   
 Newer Lipid Markers: Apolipoprotein B, LDL 
Particle Concentration, and Triglyceride-Rich 
Lipoproteins – When Are They Needed?                     

     Renato     Quispe     ,     Seth     S.     Martin     , and     Steven     R.     Jones     

    Abstract     Lowering low-density lipoprotein cholesterol (LDL-C) is a well- 
established strategy for cardiovascular risk reduction. Inherently, the focus is on 
LDL’s cholesterol content rather than its particle concentration. However, a number 
of studies have demonstrated that measures of particles burden, such as apolipopro-
tein B (apoB) and LDL particle concentration (LDL-P) can be discordant with 
LDL-C. When discordant, they appear to more strongly predict cardiovascular 
events, compared with LDL-C. Triglyceride-rich lipoproteins (TRL) play a key role 
in generating small dense LDL particles and are now causally implicated in athero-
sclerosis. This book chapter reviews the most important information about TRL, 
apoB, and LDL-P, and discusses relevant scenarios for the clinician where discor-
dance between lipoprotein cholesterol content and lipoprotein particle concentra-
tion measurements should be considered.  

  Keywords     Lipid markers   •   Triglycerides   •   Apolipoprotein B   •   Low-density lipo-
protein cholesterol   •   Low-density lipoprotein particle number   •   Remnant lipopro-
tein particles cholesterol   •   Discordance  

   A wealth of evidence from over two decades of clinical trials has shown that lower-
ing low-density lipoprotein cholesterol (LDL-C), by means of medications such as 
statins, reduces the risk of atherosclerotic cardiovascular diseases (ASCVD) events 
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[ 1 ]. However, the observation that substantial residual cardiovascular risk still exists 
even at seemingly “optimal” LDL-C levels has motivated greater exploration of 
other cardiovascular markers – beyond LDL-C – that may provide more compre-
hensive management of dyslipidemia-related cardiovascular risk. 

 This chapter presents updated information on lipid biomarkers beyond LDL-C, 
such as apolipoprotein B (apoB), LDL particle concentration (LDL-P) and 
triglyceride- rich lipoproteins, with an emphasis on clinical settings where relevant 
discordance may exist. 

    Lipid Metabolism and Fundamental Aspects of Dyslipidemia 

 Five major lipoprotein classes exist: chylomicrons, very low-density lipoprotein 
(VLDL), intermediate-density lipoprotein (IDL), LDL and high-density lipoprotein 
(HDL). Triglyceride-rich lipoproteins (TRL) include VLDL – secreted by the liver – 
and IDL in the fasting and nonfasting state, with the addition of chylomicrons – 
secreted by the gut – and their resulting remnant particles in the nonfasting state. 

 Triglyceride-rich VLDL particles are hydrolyzed by lipoprotein lipase (LPL) – 
activated by its cofactor apoC-II – to produce VLDL remnants and IDL, the smallest 
remnant. As a consequence of LPL action, IDLs have a higher concentration of 
cholesteryl esters (CE) but lower concentration of triglycerides, compared with 
VLDL. Although some IDL particles are taken up by remnant receptors on the liver, 
other IDL particles are then hydrolyzed by hepatic lipase (HL) to produce LDL. CE 
is transferred from the core of HDL and LDL to TG-rich lipoproteins (VLDL, IDL 
and chylomicrons) by action of cholesteryl ester transfer protein (CETP), which 
exchanges CE from HDL and LDL, for TG from TG-rich lipoproteins. 

 In the setting of hypertriglyceridemia, CETP action has important implications 
for HDL and LDL metabolism. First, triglyceride-enriched HDL particles are 
hydrolyzed by HL, producing a smaller HDL particle that is more easily removed 
from plasma. Second, triglyceride-enriched LDL particles undergo hydrolysis via 
lipoprotein lipase or hepatic lipase, reducing LDL particle size. 

 Dyslipidemia in individuals with obesity, metabolic syndrome or diabetes mel-
litus is driven by hypertriglyceridemia. Increased visceral (intra-abdominal) adipos-
ity promotes insulin resistance, generating high levels of circulating free fatty acids 
that ultimately promote hepatic oversecretion of larger triglyceride-enriched VLDL 
particles. Patients with type 2 diabetes mellitus in particular can have a marked 
increase in small dense LDL particles, but do not necessarily have a higher LDL-C 
concentration when compared with non-diabetic individuals. Since, at a given 
LDL-C concentration, diabetic patients may have a greater number of LDL parti-
cles, discordance can be generated between LDL-C and estimates of atherogenic 
lipoprotein particles, such as LDL-P and apoB.  
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    Triglyceride-Rich Lipoproteins (TRL) 

    TRL as Causal in Atherosclerosis and Cardiovascular Diseases 

 A singular, independent effect of hypertriglyceridemia on cardiovascular risk is dif-
fi cult to assess given the coexistent modifi cations in HDL and LDL. However, 
recent Mendelian randomization data are consistent with TRL playing a causal role 
in ASCVD [ 2 ]. 

 Potentially atherogenic features inherent in TRL include: TRL enhance expres-
sion of endothelial adhesion molecules and stimulate macrophage chemotaxis; and 
TRL enter the arterial wall when they are ingested by macrophages. Elevated fast-
ing and especially non-fasting plasma triglyceride levels are signifi cant predictors 
of CVD [ 3 ,  4 ]. For instance, the Copenhagen City Heart Study – a prospective 
Danish population based cohort – showed that increasing levels of nonfasting tri-
glycerides were associated with an increased risk of ischemic stroke [ 5 ], and in a 
longer follow-up, that higher levels of nonfasting cholesterol and nonfasting triglyc-
erides were similarly associated with a higher risk of myocardial infarction [ 6 ].  

    Relevance of TRL Remnants in Cardiovascular Risk 

 Previously, triglycerides per se were considered questionable as a causal factor for 
atherosclerosis and coronary heart disease (CHD). However, remnant cholesterol – 
the cholesterol content of TRL – has been shown to be a causal factor. Remnant 
particles have been associated with development of atherosclerosis by smooth cell 
proliferation, macrophage-derived foam cell formation, modulation of monocyte- 
endothelial interactions, inhibition of endothelial progenitor cell development, and 
endothelial dysfunction. Normally, these potentially atherogenic remnants are rap-
idly cleared from blood circulation postprandially. However, non-fasting triglycer-
ide and remnant cholesterol levels are strongly correlated [ 4 ]. 

 Two Mendelian randomization studies of TRL have been performed in the 
Copenhagen General Population Study. One showed that nonfasting remnant cho-
lesterol (estimated as TG/5 in mg/dL) is a causal risk factor for ischemic heart dis-
ease (IHD), independent of reduced HDL-C [ 7 ]. The other revealed that elevated 
nonfasting remnant cholesterol is causally associated with low-grade infl ammation 
and IHD whereas high LDL-C was only associated with IHD [ 8 ]. 

 Among high TRL dyslipidemia phenotypes, type III dyslipidemia (familial dys-
betalipoproteinemia) conveys about a fi ve- to eightfold higher risk for CAD [ 9 ]. 
Type III dyslipidemia is caused by TRL remnant accumulation due to impaired 
removal or processing of TRL remnants, often together with excess TRL produc-
tion. Although patients with this disorder have increased concentrations of TRL 
remnants in general, the excess of β-VLDL is considered diagnostic. Unfortunately, 
this disorder remains underdiagnosed, because the standard lipid profi le cannot 
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identify this lipoprotein excess. In order to distinguish type III dyslipidemia from 
other dyslipidemias with similar levels of hypertriglyceridemia, other methods such 
as ultracentrifugation [ 10 ], direct measurement of remnant VLDL [ 11 ] or diagnostic 
schemes concurrently using apoB measurement [ 12 ] are effective.  

    Hypertriglyceridemia and Small Dense LDL Particles 

 A signifi cant proportion of hypertriglyceridemia-related atherogenicity is attribut-
able to the production of small dense LDL particles. Small dense LDL particles 
have been associated with high atherogenicity [ 13 ]. Compared with their larger, 
normal-size counterparts, some evidence suggests that small dense LDL particles 
are more easily oxidized, have a higher affi nity for the extracellular matrix, more 
readily migrate through arterial walls, and are highly retained in the subendothelial 
space. Their affi nity for uptake by hepatic LDL receptor may be reduced, leading to 
lower rates of degradation and longer residence time in the circulation.   

    Apolipoprotein B 

    Concept and Pathophysiology 

 Apolipoprotein B is a structural surface protein of non-HDL lipoprotein particles. 
One molecule of apoB is embedded within the phospholipid monolayer of each 
lipoprotein particle secreted by the liver or the intestine, remaining with each par-
ticle for its lifetime. Two types of apoB coexist in plasma: [ 1 ] apoB-100, which is 
synthesized by the liver and incorporated into VLDL, and resulting IDL, LDL, and 
Lipoprotein(a) [Lp(a)]; and [ 2 ] apoB-48, which is synthesized in the gut and incor-
porated into chylomicrons, and present in resulting chylomicron remnant particles. 
Total circulating apoB levels are mostly represented by apoB-100, given that under 
normal circumstances apoB-48 containing particles contribute minimally to the 
total number of apoB containing particles in plasma, even postprandially. ApoB 
concentration in plasma is proportional to the concentration or “number” of apoB 
containing lipoprotein particles since there is a 1:1 stoichiometric relationship 
between apoB and lipoprotein particles; that is, one molecule of apoB per particle. 
Thus, apoB is proportional to the sum of all atherogenic plasma lipoprotein parti-
cles: LDL, IDL, VLDL and Lp(a) and chylomicron derived particles. Typically, 
LDL-P is the major determinant of apoB: about 90 % of total circulating apoB is 
associated with LDL particles (Fig.  12.1 ).
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       Evidence of apoB and Cardiovascular Risk 

 The concept of discordance between lipid markers has been increasingly described 
over the last few years. Lipid discordance is defi ned as a disproportional level of one 
lipid measure compared with another, either disproportionally high or dispropor-
tionally low, deviating from bulk correlation. Since lipid measures are not all on the 
same scale, assignment of population percentiles allows direct comparison of one 
parameter with another on a standard scale. For instance, within a given population, 
a diabetic patient may have an LDL-C level at the 50th percentile but a dispropor-
tionally high apoB level at the 90th percentile. Table  12.1  shows population percen-
tiles estimated from the Framingham Heart Study.

   If the cholesterol content of LDL particles were constant, then LDL-C would 
closely refl ect LDL particle concentration, and LDL-C and apoB would always be 
concordant. However, LDL particles are extremely heterogeneous with respect to 

  Fig. 12.1    Composition of lipoprotein particles varies widely across the range of lipoprotein 
classes resulting in varying relationship between lipoprotein cholesterol and particle concentration 
(From Ref. [ 34 ], with permission)       

   Table 12.1    Estimated percentiles of LDL-C, non-HDL-C, apoB and LDL-P   

 Percentile 

 5th  10th  25th  50th  75th  90th  95th 

 LDL-C (mg/dL)  80  90  110  130  160  180  200 
 Non-HDL-C (mg/dL)  110  120  140  160  190  210  230 
 ApoB (mg/dL)  60  70  80  100  120  140  150 
 LDL-P (nmol/L)  800  900  1100  1400  1800  2000  2100 

  Estimates were derived from the Framingham Heart Study. Men and women are combined  
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cholesterol concentration contained in LDL particle core [ 14 ]. Additionally, the 
cholesterol content of LDL particles may vary more than twofold between individu-
als [ 15 ], especially in the setting of elevated triglycerides or insulin-resistant states. 
For example, when composition (proportion of cholesterol and size) of LDL parti-
cles is normal, LDL-C is a reasonably accurate approximation of LDL-P, and 
LDL-C is concordant with apoB levels. On the other hand, if LDL particles are 
small and cholesterol-depleted, LDL-C would underestimate LDL-P, and hence, 
LDL-C will be discordant with LDL-P and apoB. It is important to recognize that 
risk appears to be more closely correlated to number of circulating LDL particles 
than to their aggregate cholesterol content, LDL-C [ 13 ]. Although LDL-C generally 
correlates well with LDL-P and apoB in general populations, it may not capture the 
risk attributable to LDL in the individual patient when the cholesterol content of 
LDL particles is perturbed. In this context, a number of studies have demonstrated 
apoB to be a better predictor of cardiovascular risk than LDL-C [ 16 – 19 ]. ApoB 
concentration and LDL-P tend to track very closely, rarely discordant, with LDL-P 
representing the vast majority of apoB containing non-HDL lipoprotein particles.  

    Non-HDL-C as an Alternative to apoB 

 Non-HDL-C concentration, defi ned as total cholesterol minus HDL-C, refl ects the 
aggregate cholesterol carried by apoB-containing particles. Non-HDL-C can also 
be discordant with LDL-C and may predict risk better than LDL-C in both nor-
motriglyceridemic and hypertriglyceridemic individuals [ 20 ] because it includes 
cholesterol content in triglyceride-rich VLDL and chylomicron derived apoB48 
containing particles, and also because it does not suffer from downfalls of the 
Friedewald equation. Recent evidence indicates that both non-HDL-C and apoB are 
more accurate indices of cardiovascular risk than LDL-C, but there are no conclu-
sive results for comparing apoB and non-HDL-C as risk markers. Some studies 
suggest they are equivalent, but others suggest apoB is superior. Results from the 
Emerging Risk Factors Collaboration (ERFC) showed that hazard ratios for CHD 
for non-HDL-C (1.73 [95 % CI 1.52–1.96]) and apoB (1.71 [95 % CI 1.51–1.95]) 
were statistically equivalent [ 21 ]. A more recent meta-analysis based on all previ-
ously published epidemiologic studies that contained estimates of relative risks of 
non-HDL-C, LDL-C and apoB, suggested that apoB was the most potent cardiovas-
cular risk marker though confi dence intervals were overlapping (RRR: 1.43; 95 % 
CI 1.35–1.51), followed by non-HDL-C (RRR: 1.34; 95 % CI 1.24–1.44) and lastly, 
LDL-C (RRR: 1.25; 95 % CI 1.18–1.33) [ 22 ]. 

 Several experts consider non-HDL-C preferable to apoB [ 23 ], as a replacement 
for LDL-C as a risk marker citing two main reasons: [ 1 ] non-HDL-C and apoB are 
similarly effective in predicting cardiovascular events; and [ 2 ] non-HDL-C is easily 
calculated from the existing standard lipid profi le, whereas apoB measurement 
would result in additional complexity and expense. Despite these concerns, apoB is 
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non-proprietary, commonly available in most clinical laboratories, relatively inex-
pensive and makes use of internationally standardized assays. 

 In clinical practice, discordance between apoB and non-HDL-C tends to exist in 
3 particular settings: [ 1 ] apoB levels are disproportionately higher than correspond-
ing non-HDL-C levels due to small dense LDL; in this case, apoB is generally 
considered a more reliable risk marker; [ 2 ] non-HDL-C levels are higher than cor-
responding apoB levels, which may occur in circumstances where there is an accu-
mulation of cholesterol-enriched VLDL remnant particles, such as in type III 
dyslipidemia (familial dysbetalipoproteinemia); in this case, non-HDL-C may more 
accurately reveal risk [ 24 ]; or [ 3 ] non-HDL-C is disproportionately higher than 
apoB due to cholesterol-enriched LDL particles in the setting of very low triglycer-
ides. In this case, a relatively lower concentration of atherogenic particles is present 
than would be expected on the basis of non-HDL-C, suggesting that apoB may bet-
ter predict risk compared with non-HDL-C.  

    Therapeutic Implications 

 While much of the research cited above has focused on using baseline levels of 
lipids to predict risk, the reality is that current risk models around the world use total 
cholesterol and HDL-C as individual variables for risk prediction. At present, the 
question of discordance may be of greatest interest for on-treatment surveillance to 
guide further management. Compared with LDL-C, on-treatment apoB, as well as 
non-HDL-C levels, showed a more signifi cant relation with residual risk of vascular 
disease, which endorses their use – instead of LDL-C – as potential targets of statin 
therapy [ 25 ]. However, statins produce a greater reduction in LDL-C and non-HDL-
 C than apoB levels, exaggerating discordance between LDL-C and apoB. Basing 
LDL-lowering therapy only on cholesterol based measures could result in a treat-
ment gap and lost opportunity to achieve optimal reductions in atherogenic lipopro-
tein concentration and resulting risk reduction [ 26 ]. However, the most aggressive 
guideline recommended an apoB target of 80 mg/dL, which is at the 25th population 
percentile by Framingham data compared to LDL-C and non-HDL-C goals set at 
<5th percentile for high-risk patients. Limited by such a liberal apoB target, a 
change in intensity of lipid lowering therapy is infrequent once LDL-C and non- 
HDL- C targets are already met. It is arguable that apoB targets representing equiva-
lent population percentiles to existing LDL-C and non-HDL-C goals may be more 
appropriate, although this approach is not widely accepted. An apoB level of 60 mg/
dL represents approximately equivalent population percentile as the high risk 
LDL-C goal. 

 In summary, available evidence supports the conclusion that apoB is a generally 
one of the strongest indicators of risk and treatment adequacy. However, routine 
apoB measurement may carry additional costs – as opposed to LDL-C and non- 
HDL- C derived from the standard lipid panel. Moreover, given current guidelines 
set the apoB target at a high population percentile, apoB is unlikely to lead to more 
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aggressive management in someone who has reached LDL-C and non-HDL-C tar-
gets unless these measures are discordant. There is still debate about how to best 
incorporate apoB into routine clinical practice. ApoB is expected to be of greatest 
clinical relevance when it differs in information content from other measures, as in 
discordant individuals or type III dyslipidemia, something that cannot be reliably 
known a priori. At the baseline patient evaluation, considering apoB levels would 
enable an accurate diagnosis of all apoB dyslipoproteinemias. Indeed, a diagnostic 
algorithm has been developed and is available for mobile devices (iOS application) 
[ 12 ].   

    LDL Particle Number 

 Cholesterol assays have been available for many years, for which LDL concentra-
tions in clinical practice – for risk assessment and management – are routinely 
expressed in terms of its cholesterol concentration. LDL-C has been most com-
monly estimated via the Friedewald equation from the standard lipid panel. However, 
we showed that Friedewald-estimated LDL-C is a poor estimate at low LDL-C and 
high triglycerides levels [ 27 ]. A new estimation formula that takes into account the 
variability in the TG:VLDL-C relationship represents a better estimate compared 
with Friedewald method [ 28 ,  29 ]. Although direct measures of LDL-C exist, there 
is inconsistency between assays. 

 For many patients, levels of LDL-C and LDL-P – as well as apoB – are concor-
dant. However, data from the Multi-Ethnic Study of Atherosclerosis showed that 
half of the study population had difference of ≥12 percentile units between LDL-C 
and LDL-P [ 30 ]. The presence of small dense LDL in individuals with elevated 
triglycerides or low HDL-C, diabetes mellitus or metabolic syndrome leads to high 
levels of LDL-P despite normal LDL-C levels [ 31 ]. LDL-lowering therapy causes a 
higher reduction in LDL-C and non-HDL-C levels compared with LDL-P – gener-
ating discordance as well – for which LDL-P may provide a better assessment of 
on-treatment residual risk (Fig.  12.2 ). Consequently, LDL-P has been found to be a 
better predictor of cardiovascular risk than LDL-C [ 30 ,  32 ].

   In clinically relevant discordant scenarios, such as individuals with diabetes or 
CHD and optimal LDL-C and non-HDL-C, LDL-P might provide additional infor-
mation with therapeutic implications. For instance, LDL lowering therapy could be 
addressed more aggressively if LDL-P is discordantly high; similarly, if LDL-P is 
discordantly decreased compared with LDL-C or non-HDL-C, LDL lowering ther-
apy may be more conservative. However, it has not been established what an appro-
priate on-treatment LDL-P target would be. In clinical trials, post-hoc analysis 
showed that on-treatment levels of LDL-P better predicted residual risk than discor-
dant LDL-C [ 33 ]. 

 A signifi cantly high proportion of total circulating apoB is associated with LDL 
particles, independently of triglycerides levels. It is expected that LDL-P and apoB 
are highly concordant, which frequently occurs. However, patients with type III 
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hyperlipidemia have a large amount of apoB-48 in remnant lipoprotein, for which 
apoB-100 represents only about 50 % of total apoB particles [ 24 ]. 

 Compared with LDL-P, apoB is analytically superior as it is non-proprietary, 
inexpensive, widely available and uses internationally standardized assays. On the 
other hand, LDL-P is available by several methodologies, most commonly Nuclear 
Magnetic Resonance (NMR) spectroscopy; nonetheless, it does not have as wide 
degree of availability as it is a proprietary assay. Unlike apoB, it without interna-
tionally standardization. Further, evidence is needed to assess the cost-effectiveness 
of LDL-P by comparison to the standard lipid profi le or apoB.  

    Clinical Cases 

    Clinical Case 1 

 Consider a 55-year-old woman with a body mass index of 37 kg/m 2 , diabetes mel-
litus and hypertension, who is admitted with an acute coronary syndrome. On 
admission, she had a lipid profi le of Friedewald-estimated LDL-C of 90 mg/dL, 
non-HDL-C of 130 mg/dL, triglycerides of 200 mg/dL and HDL-C of 30  mg/

High LDL-C : nonHDL-C/
High apoB :LDL PN

High LDL-C : nonHDL-C/
Low apoB :LDL PN

Low LDL-C : nonHDL-C/
High apoB :LDL PN

Low LDL-C : nonHDL-C/
Low apoB :LDL PN

Concordant

Concordant

Discordant

Discordant

TG
TG

CE

TG

TG
CE

CE

TG
CE

TG
CE

TG

TG

CE
CE

TG

TG

CE

TG

TG

CE

  Fig. 12.2    Discordance between low density lipoprotein particle number and aggregate particle 
cholesterol concentration results from variation in relative particle cholesterol content and particle 
size (From Ref. [ 36 ], with permission)       
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dL. This scenario illustrates some discordance concepts discussed in this chapter. In 
these individuals, cardiovascular risk may be underestimated if only LDL-C is con-
sidered, especially if LDL-C is determined by Friedewald estimation. Given her 
obesity and high triglyceride/low HDL-C profi le, her LDL-C levels are probably 
represented mostly by cholesterol-depleted, small dense LDL particles. Therefore, 
discordance will probably exist between LDL-C and non-HDL-C and measure-
ments of particle burden, such as LDL-P or apoB. 

 She was discharged on high-intensity statin therapy and at 1 month follow-up, 
her standard lipid profi le showed a Friedewald-estimated LDL-C of 60 mg/dL, non- 
HDL- C of 90 mg/dL, triglycerides of 150 mg/dL and HDL-C of 35 mg/dL. This 
patient’s Friedewald-estimated LDL-C level is now 60 mg/dL, but not optimized at 
closer to 50 mg/dL as shown recently in the IMPROVE-IT trial, where there was a 
particular benefi t in diabetic patients. Measurement of apoB would detect the con-
centration of all atherogenic particles and, thus, may help better determine residual 
risk and monitor therapeutic adequacy. It is also important to note that statin therapy 
reduces LDL-C levels by a greater percentage than it does apoB levels, altering the 
association of LDL-C to LDL-P. In other words, this patient probably reached her 
LDL-C (<70) and non-HDL-C (<100) goals but may continue to have a high num-
ber of LDL particles. 

 Since there are not well-established clinical targets for LDL-P, it is diffi cult to 
know how their measurement would impact treatment decisions. The American 
Diabetes Association/American College of Cardiology (ADA/ACC) recommends, 
in addition to an LDL-C and non-HDL-C goals of 70 and 100 mg/dL, respectively, 
an apoB goal of 80 mg/dL for patients with prior cardiovascular events or diabetes 
with one risk factor. This apoB goal, set relatively high on a population percentile 
basis, is also recommended by other guidelines such as the European dyslipidemia 
guidelines. The PROVE-IT trial showed that patients with high-intensity statin ther-
apy (atorvastatin 80 mg/day) reached a median apoB level of 67 mg/dL and 16 % 
reduction in the hazard ratio for death or a major cardiovascular event compared 
with moderate statin therapy (pravastatin 40 mg/day), which reached a median apoB 
level of 90 mg/dL [ 34 ]. Since LDL-C is not optimized – although non-HDL-C is 
lower than 100 mg/dL – it may be reasonable to increase the intensity of statin ther-
apy and/or add ezetimibe on this basis alone. An apoB test would provide additional 
information for patients on statin therapy about their real cardiovascular risk attrib-
uted to atherogenic lipid particles, and could support further intensifi cation of ther-
apy if the clinician and patient select an apoB goal that is lower than recommended 
in guidelines (e.g., <70 mg/dL based on PROVE-IT).  

    Clinical Case 2 

 A 27 year-old obese man presents with palmar xanthomas and tubero-eruptive 
exanthomas of both elbows. His family history is signifi cant for dyslipidemia and 
premature coronary disease. His father and two of his siblings had signifi cant 
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hypercholesterolemia. His clinical signs raised suspicion of type III dyslipidemia, 
which is defi ned by an increase in levels of chylomicron and VLDL remnants. The 
excess remnant particles characteristic of this disorder contribute substantial choles-
terol and triglyceride leading to both hypercholesterolemia and 
hypertriglyceridemia. 

 His standard lipid profi le shows levels of triglycerides of 5.0 mmol/L (442 mg/
dL) and total cholesterol of 13 mmol/L (502 mg/dL). An apoB measurement was 
0.70 g/L. His triglycerides/apoB ratio is <10, and total cholesterol/apoB is ≥6.2, 
which using diagnostic algorithm developed by Sniderman et al. [ 12 ] along with 
clinical fi ndings and family history confi rms diagnosis of familial dysbetalipopro-
teinemia. Further genotyping assays showed classic apoE2 homozygosity, which is 
typical of this disorder. 

 Classical dyslipidemias are characterized by changes in the number and/or com-
position of apoB lipoprotein particles, and can be identifi ed using a diagnostic algo-
rithm that integrates standard lipid measurements, such as total cholesterol and 
triglycerides, as well as apoB levels. It is important to note that type III dyslipidemia 
is the exception to the rule that total plasma apoB is the best measurement of athero-
genic lipoproteins.   

    Summary 

 The routine use of apoB for initial diagnosis, especially in the setting of hypertri-
glyceridemia, would improve accuracy of diagnosis and subsequent selection of 
treatment. For therapeutic purposes, it may be reasonable to measure LDL-P, or 
preferably apoB, in high-risk patients at risk for discordance, such as those with 
hypertriglyceridemia or diabetes mellitus once non-HDL-C is at goal on initial 
treatment. However, LDL-P goals have not been established and apoB goals are 
probably too high to have any signifi cant impact on clinical management. TRL, 
especially RLP-C, has emerged as an important cardiovascular risk marker that war-
rants further studies in order to be included in a more comprehensive assessment of 
cardiovascular risk. These new lipid biomarkers are continuously explored, but 
much still needs to be done in order to optimize patient care and better approach the 
use of these lipid measures in clinical practice.     
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    Chapter 13   
 Natriuretic Peptides: Physiology 
for the Clinician                     

     Siu-Hin     Wan       and     Horng     H.     Chen     

    Abstract     Natriuretic peptides (NPs) are a family of hormones that have signifi cant 
cardiorenal properties. As an important component of blood pressure homeostasis 
in humans, NPs are potent vasodilatory hormones that mediate diuresis, natriuresis 
and cardiac remodeling (Levin et al., N Engl J Med 339(5):321–328, 1998). 
Neurohormonal signaling plays an essential role in cardiovascular disease. Whereas 
antagonism of the renin-angiotensin-aldosterone pathway, a mediator of pro- 
vascocontriction, leads to improved outcomes in heart failure, the potentiation of 
the NPs leads to vasodilation and improved cardiac remodeling. Therefore, NPs 
have been investigated both as a biomarker for cardiovascular disease as well as a 
potential treatment agent.  

  Keywords     Natriuretic peptides   •   Cardiovascular properties of natriuretic peptides   
•   Therapeutic modalities for heart failure   •   Atrial natriuretic peptide (ANP)   •   B-type 
natriuretic peptide (BNP)   •   C-type natriuretic peptide  

      Background 

 Natriuretic peptides (NPs) are a family of hormones that have signifi cant cardiore-
nal properties. As an important component of blood pressure homeostasis in 
humans, NPs are potent vasodilatory hormones that mediate diuresis, natriuresis 
and cardiac remodeling [ 1 ]. Neurohormonal signaling plays an essential role in car-
diovascular disease. Whereas antagonism of the renin-angiotensin-aldosterone 
pathway, a mediator of pro-vascocontriction, leads to improved outcomes in heart 
failure, the potentiation of the NPs leads to vasodilation and improved cardiac 
remodeling. Therefore, NPs have been investigated both as a biomarker for cardio-
vascular disease as well as a potential treatment agent. 
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 The natriuretic peptide family consists of atrial natriuretic peptide (ANP), B-type 
natriuretic peptide (BNP), and C-type natriuretic peptide (CNP). ANP is found 
mainly in the cardiomyocytes of the atria and is released with increased intravascu-
lar volume and atrial stretch. Urodilatin, a peptide derived from the ANP precursor, 
is found in the kidneys; similar to ANP, it is also a mediator of natriuresis and 
diuresis. 

 BNP, also known as brain natriuretic peptide because of its original location of 
discovery, is perhaps the most well-known of the natriuretic peptide family, and has 
a prominent role in the diagnosis and management of heart failure as well as other 
cardiovascular diseases. It is released primarily in the cardiac ventricles and con-
tains multiple molecular forms. The precursor 108 amino acid pro-BNP is processed 
to the 32 amino acid BNP as well as an NT-proBNP fragment. Pro-BNP, BNP and 
NT-proBNP are found in the circulating plasma, and their levels increased with 
heart failure (Fig.  13.1 ).

   CNP is of endothelial cell origin and has low plasma concentrations, but has 
potent cardiovascular properties. While CNP does not have direct natriuretic prop-
erties, it does have important vasodilatory properties. The unique physiological 
actions of ANP, BNP, and CNP are mediated by different affi nities of each peptide 
for the different NP receptors. 

 Three natriuretic peptide receptors have been identifi ed. Natriuretic peptide 
receptor A (NPRA) and natriuretic peptide receptor B (NPRB) are both linked to the 
cyclic GMP (cGMP) signaling pathway [ 2 ,  3 ]. NPRA is activated by both ANP and 
BNP. Northern blot studies have demonstrated that NPRAs are predominantly found 
in the heart, lungs, kidneys, adrenals, and adipose tissue [ 2 ]. NPRB is activated by 
CNP, and NPRBs are predominantly found in the heart, lungs, kidneys, and the 
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  Fig. 13.1    Processing and molecular forms of BNP       
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brain [ 2 ]. Natriuretic peptide receptor C (NPRC) is unique in that it does not possess 
a guanylyl cyclase domain. NPRC is activated by ANP, BNP, and CNP, and is 
important in the clearance of the NPs through peptide binding and internalization 
[ 3 ]. NPRCs are predominantly expressed in the lungs, kidneys, placenta, and the 
heart. While the principal function of NPRC is its role as a clearance receptor for the 
NPs, it has also been reported that NPRC may be responsible for the antiprolifera-
tive and benefi cial remodeling effects of natriuretic peptides [ 4 ,  5 ].  

    Physiology of Natriuretic Peptides 

 The natriuretic peptides have important cardiovascular properties. The effects of 
ANP result in a reduction in blood pressure via multiple mechanisms [ 1 ]. ANP 
causes reduction of vascular tone in the peripheral vascular system. It also reduces 
preload via intravascular fl uid shifts. ANP and BNP also result in suppression of 
sympathetic activity and antagonize the renin-angiotensin-aldosterone system, 
which contributes to reduction in blood pressure. CNP, compared to ANP and BNP, 
has more venodilatation effects. In addition to blood pressure reduction effects, the 
NPs also have anti-proliferative properties, which are important in cardiac remodel-
ing. In studies with knockout NPRA mice, arterial blood pressure rose dramatically 
with subsequent cardiac fi brosis and hypertrophy as the animal aged, compared to 
wild type [ 6 ]. Similarly, knockout mice for ANP and BNP genes led to hyperten-
sion, cardiac hypertrophy and fi brosis, obesity, and heart failure [ 7 ]. 

 In the renal system, natriuretic peptides promote diuresis and natriuresis by their 
neurohormonal and hemodynamic actions. By antagonizing the renin-angiotensin- 
aldosterone system as well as the vasopressin system, the neurohormonal effects of 
natriuretic peptides antagonize water and salt retention. By dilating the afferent 
renal arterioles and constricting the efferent renal arterioles, natriuretic peptides 
result in increased glomerular pressure and glomerular fi ltration rate. By relaxing 
mesangial cells, the surface area for fi ltration in the glomerulus is also increased 
[ 1 ]. Urodilatin, via its local renal actions, has potent effects on diuresis and natri-
uresis [ 1 ]. 

 Other important natriuretic peptide actions include anti-proliferation, anti- 
infl ammation, and lipolysis. Natriuretic peptides inhibit cell division, and thus, 
are important, not only in cardiac remodeling and ventricular hypertrophy, but 
also vascular wall remodeling in hypertension and atherosclerosis. In rat models 
with disruption of BNP, there was a signifi cant increase in fi brosis via increased 
activation of TGF-beta as well as collagen activation [ 8 ]. NPs also have impor-
tant anti- infl ammatory properties. In rat models with ANP infusion, there was a 
reduction in TNF-alpha, interleukin-1, and nitric oxide synthase, refl ecting 
ANP’s anti- infl ammatory properties [ 9 ]. ANP also has lipolytic properties in adi-
pose tissue [ 10 ].  
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    Natriuretic Peptide Synthesis and Release 

 Natriuretic peptide release is stimulated by cardiac stretch, such as from intravascu-
lar volume overload and heart failure. In congestive heart failure, development of 
ventricular hypertrophy results in increased recruitment of ventricular cardiomyo-
cytes in synthesizing BNP, which is subsequently released with increased transmu-
ral wall stress [ 11 ]. ANP is predominantly found in the cardiac atria, BNP is 
predominantly synthesized in the cardiac ventricles, and CNP is found mostly in the 
peripheral vasculature. CNP mRNA expression and secretion were augmented with 
shear stress in cell culture studies [ 12 ]. Thus, NPs are released in response to an 
acute volume load. The inactivation and degradation of natriuretic peptides is car-
ried out by neutral endopeptidases or neprilysin.  

    Processing and Molecular Forms of Natriuretic Peptides 

 Natriuretic peptides are synthesized as inactive molecules prior to their conversion 
to biologically active proteins. Through studies utilizing human embryonic kidney 
(HEK) cells, the processing and molecular forms of the natriuretic peptides have 
been able to be better elucidated. 

 Understanding the different molecular forms of natriuretic peptides is important. 
While the high-molecular weight form of BNP is elevated in heart failure as a 
response to cardiac stretch, there may be a state of defi ciency of and resistance to 
the low-molecular weight and biologically active form of 32 amino acid BNP in 
heart failure [ 13 ]. 

 For BNP, the removal of the signaling peptide, via a signal peptidase, from the 
134 amino acid preproBNP results in conversion to proBNP. This propeptide is sub-
sequently converted into an inactive N terminal peptide as well as the active C ter-
minal natriuretic peptide via convertases. Corin and furin are largely responsible for 
the conversion of proBNP, a 108 amino acid peptide, to physiologically active 32 
amino acid BNP and inactive 76 amino acid NTproBNP [ 14 ,  15 ]. Certain molecular 
changes, such as glycosylation of the threonine 71 residue, have been shown to 
inhibit propeptide conversion. ProBNP and NTproBNP have little activity on the 
NP receptors and therefore, have minimal cGMP activation [ 16 ]. 

 ANP is synthesized in cardiac myocytes as a 126 amino acid preproANP. Removal 
of the signaling peptide from preproANP results in proANP, which is stored in gran-
ules [ 17 ]. ProANP is subsequently cleaved to an N-terminal propeptide, as well as 
the biologically active 26 amino acid ANP. Corin is a cardiac serine protease respon-
sible for cleaving proANP to the biologically active ANP [ 18 ]. 

 Those that have genetic defects in the natural processing of the natriuretic pep-
tide system may have decreased active natriuretic peptide levels and subsequent 
increased cardiovascular risk. A genetic defect in corin has been associated with 
increased adverse outcomes in blacks with systolic heart failure [ 19 ]. A dysfunction 
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in the relative proportions of different molecular forms is associated with cardiovas-
cular disease. In early hypertension, there is impaired response of the natriuretic 
peptide system, with poor BNP activity and reduced NTproBNP levels. In later 
stages of hypertension, there are compensatory increases in both BNP and 
NTproBNP.  

    B-Type Natriuretic Peptide Assays 

 In a clinical setting, there are currently a variety of assays available for measure-
ment of serum BNP or serum NTproBNP. Furthermore, both rapid point-of-care 
assays as well as central laboratory assays are available. In normal subjects, the 
levels of BNP and NTproBNP are comparable, approximately 10 pmol/mL. Among 
those with heart failure, the levels of NTproBNP tend to rise more rapidly than that 
of BNP. While there is not a simple equation for conversion from a BNP measure-
ment to NTproBNP value and vice versa, in heart failure, the NTproBNP level may 
be approximately four times that of BNP. Additionally, concurrent renal dysfunction 
with heart failure may cause greater elevations in NTproBNP than BNP. Plasma 
BNP assays detect BNP as well as proBNP and BNP degradation products. 
NTproBNP assays also detect proBNP. However, the exact proportion of cross- 
reactivity highly depends on the specifi c type and brand of assay used. Previous 
comparisons have demonstrated that BNP assays vary but some have up to 40 % 
cross-reactivity with proBNP detection [ 20 ]. NTproBNP assays are generally more 
specifi c, with little cross-reactivity to BNP, but up to over 200 % cross-reactivity to 
proBNP [ 20 ]. 

 The Breathing Not Properly study evaluated over 1500 patients with acute dys-
pnea presenting to the emergency department, and found that plasma BNP levels 
were signifi cantly higher in those with clinical heart failure compared to those with-
out. Furthermore, it was found that the sensitivity and specifi city for heart failure 
was 90 % and 76 %, respectively, when a cutoff BNP of greater than 100 pg/mL was 
used. Of note, the specifi city greatly declined among those that had concurrent atrial 
fi brillation.  

    Case 1 

  A 70 year old man with history of myocardial infarction 5 years ago and hyperten-
sive chronic kidney disease presented to an outside institution with complaint of 
progressively worsening exertional dyspnea. He had bilateral crackles on lung aus-
cultation and positive jugular venous distention. The outside hospital obtained an 
NTproBNP level of 1050 pg/mL. Despite initiation of aggressive diuretic agents, the 
patient had persistent dyspnea. The use of advanced therapy was considered. The 
patient was subsequently transferred to your hospital and a BNP level was obtained 

13 Natriuretic Peptides: Physiology for the Clinician



166

and showed a level of 450 pg/mL. What are the laboratory interpretation, diagnostic 
and management implications of these fi ndings?  

 Heart failure is fi rst and foremost a clinical diagnosis. The patient’s history of a 
prior myocardial infarction should increase clinical suspicion for heart failure, as 
ischemic cardiomyopathy is the leading cause of heart failure in developed coun-
tries. The history of progressively worsening exertional dyspnea as well as the fi nd-
ings of fl uid overload should further raise the suspicion of the diagnosis of heart 
failure. The use of BNP assays should, therefore, aid in the narrowing of possible 
diagnoses. At the outside institution, the patient had a signifi cantly elevated 
NTproBNP level. An NTproBNP level of greater than 900 pg/mL has a high sensi-
tivity and specifi city for the diagnosis of heart failure, especially in the right clinical 
context. However, upon hospital transfer, a measurement of BNP levels yielded a 
lower 450 pg/mL. While the absolute value is smaller, the fi ndings are still consis-
tent with heart failure, as a cutoff of 100 pg/mL for BNP is roughly equivalent to 
900 pg/mL for NTproBNP. Furthermore, given that the patient has renal dysfunc-
tion, the NTproBNP assay may yield an even higher value than that of BNP. While 
the half-life of NTproBNP is greater than that of BNP, the ratio of the assay values 
cannot be used to determine timing of fl uid overload onset, as the available com-
mercial assays for both BNP and NTproBNP likely measure a mixture of BNP, 
NTproBNP, and proBNP.  

    Factors Affecting Endogenous BNP Levels 

    Age and Gender 

 There are multiple factors that affect BNP levels. BNP levels tend to be higher 
among the elderly population, as well as the female gender. Redfi eld et al, in deter-
mining the discriminatory value of BNP in heart failure, emphasized the importance 
of taking into account age and gender in the interpretation of BNP levels. The likely 
mechanism of female gender’s association with increased BNP levels is estrogen, as 
levels were particularly elevated in those taking hormone replacement therapy [ 21 , 
 22 ]. While age may be associated with increased ventricular hypertrophy, there 
appears to be an association of age with increased BNP levels independent of left 
ventricular dimensions and mass, which argues for alterations in cardiac biology 
that are undetectable by standard imaging techniques [ 22 ]. 

 Redfi eld et al found that the average BNP levels for normal men for the age cat-
egories of 45–54, 55–64, 65–74, and 75–83 years are 7–17, 11–31, 18–28, and 
21–38 pg/mL respectively. The average BNP levels for normal women for the age 
categories of 45–54, 55–64, 65–74, and 75–83 years are 18–28, 27–32, 29–45, and 
58–67 pg/mL respectively. For age adjusted cut-off values for BNP and NTproBNP 
in the diagnosis of congestive heart failure, please refer to Table  13.1 .
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       Obesity 

 Individuals with heart failure and obesity have suppressed BNP levels. There have 
been several proposed mechanisms for the fi ndings of relatively lower BNP levels 
in those with obesity. Those with obesity, prior to development of heart failure, 
may already have increased intravascular volume, and therefore, a blunted BNP 
increase upon development of heart failure. The association of lower levels of BNP 
with obesity may also relate to the increased risk of hypertension development 
among the obese. There may be reduction in production and release of BNP in 
obesity. Also, the release and degradation of BNP may be higher in those with 
obesity, given the increase in natriuretic peptide clearance receptors in adipose 
tissue.  

    Different Pathophysiological States 

 Given that ANP and BNP are released with atrial and ventricular stretch, different 
cardiomyopathies will result in different levels of natriuretic peptide increase. With 
concentric left ventricular hypertrophy, even though there is increased myocardial 
mass, there is less wall stretch given the parallel arrangement of sarcomeres. 
Therefore, there is often less of an increase in natriuretic peptide levels in pure left 
ventricular concentric hypertrophy compared to dilated cardiomyopathy or eccen-
tric hypertrophy, where there is greater myocardial stretch from sarcomeres in 
series. Given the pathophysiological dependence on stretch for natriuretic peptide 
release, in constrictive pericarditis, there is often lower levels of NPs than what 
would be expected, given that the pericardium is preventing the myocytes from 
appropriately stretching. 

 With ANP being released by atrial stretch, there are also interesting pathophysi-
ological correlations with atrial fi brillation development. In addition, there appears 
to be an inverse correlation of BNP levels with heart rate. The effects of heart rate 
and atrial fi brillation on NP levels remain to be further investigated.  

   Table 13.1    Age-adjusted cut-off values for BNP and NTproBNP in those with normal renal 
function in the diagnosis of congestive heart failure   

 BNP  NTproBNP 

 Age 
(years) 

 Exclude HF (pg/
mL) 

 Diagnose HF (pg/
mL) 

 Exclude HF (pg/
mL) 

 Diagnose HF (pg/
mL) 

 <50  <35  >400  <300  >450 
 50–75  <40  >400  <300  >900 
 >75  <76  >400  <300  >1800 

  Data from Refs. [ 23 ,  24 ]  
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    Renal Function 

 Decreased renal function and decreased kidney clearance results in increased circu-
lating BNP levels. Given that in cardiorenal syndrome, renal dysfunction is a com-
mon comorbid condition of heart failure, BNP interpretation must be made with 
caution. Clinically, when the glomerular fi ltration rate falls below 60 mL/min, the 
traditional BNP cutoff of 100 pg/mL used for supporting a heart failure diagnosis 
should be used with caution.  

    Neprilysin Inhibitors 

 Neprilysin degrades biologically active BNP into inactive fragments, and the use of 
neprilysin inhibitors as a therapeutic modality will be further discussed in the ther-
apy section. Administration of a neprilysin inhibitor will increase the levels of bio-
logically active BNP, but will not affect NT-pro BNP.   

    Case 2 

  A 45 year old woman with body mass index (BMI) of 48 presents to clinic with acute 
dyspnea. Examination was notable for a parasternal heave as well as bilateral 
crackles of the lungs. Chest XR demonstrates pulmonary vascular congestion. A 
plasma BNP was obtained, which showed a value of 60 pg/mL. She appears to be 
uncomfortable and remains dyspneic. How should her BNP level be interpreted in 
this setting?  

 This obese patient presents with acute dyspnea in the setting of heart failure. The 
BNP level is in the indeterminate range, and not greater than the 100 pg/mL cutoff 
for heart failure diagnosis. However, given the patient’s elevated BMI, there may be 
increased degradation of BNP with adipose tissue and reduced production and 
release of natriuretic peptides. Therefore, despite the relatively lower BNP fi nding 
in this case than expected, the suspicion for dilated cardiomyopathy remains high, 
and the patient should have prompt further evaluation such as an echocardiogram 
and appropriate management.  

    Case 3 

  A 78 year old woman on hormone replacement therapy and history of diabetes and 
chronic kidney disease stage 3 presents to clinic for a routine checkup. She is asymp-
tomatic. Examination demonstrated clear lung fi elds bilaterally with no evidence of 
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jugular venous distension or lower extremity edema. An NTproBNP level was 
obtained, which showed a level of 900 pg/mL. An NTproBNP level obtained last 
year during her routine physical examination was 850 pg/mL. How should this 
value be interpreted?  

 This patient has multiple reasons to have an elevated BNP and NTproBNP lev-
els. She is elderly and on hormone replacement therapy. Age, female gender and 
estrogen all contribute to elevated natriuretic peptide levels. Furthermore, she has a 
history of chronic kidney disease, and reduction in renal function will lead to ele-
vated levels of BNP. In the absence of heart failure signs and symptoms, even though 
the NTproBNP level is at or greater than the 900 pg/mL cutoff, the patient should 
not be diagnosed with heart failure. Furthermore, a comparison of NTproBNP lev-
els from previous measurements, which is often useful, does not demonstrate a sig-
nifi cant elevation in NTproBNP levels.  

    Natriuretic Peptide Therapeutics 

 Given the vasodilatory and renal natriuretic and diuretic effects, as well as the car-
diovascular pleotropic and antifi brotic effects of natriuretic peptides, there has been 
increasing interest in the use of natriuretic peptides as a therapeutic modality. 
Nesiritide, or human recombinant BNP, has been extensively studied in patients 
hospitalized with acute heart failure. While there was mild improvement of dyspnea 
symptoms, there was no improvement in mortality or rehospitalization, and there 
was an association with increased hypotension [ 25 ]. For those with acute heart fail-
ure and renal dysfunction, low dose nesiritide also did not provide any benefi t in 
decongestion or renal function [ 26 ]. Additionally, the addition of serial outpatient 
infusions of nesiritide to standard therapy also failed to demonstrate a signifi cant 
outcomes benefi t in those with chronic heart failure [ 27 ]. Given the challenges of 
nesiritide infusion and the side effect of hypotension, there has been investigation 
into different delivery methods of BNP, such as subcutaneous administration, which 
has demonstrated improvement in cardiorenal parameters [ 28 ]. 

 Caperitide, or alpha-human atrial natriuretic peptide, has demonstrated promise 
in use in those with acute heart failure, and is approved in Japan. Acute low dose 
infusion of caperitide was found to result in improved long term prognosis in those 
with acute heart failure [ 29 ]. Given the effi cacy in vasodilatation and diuresis, 
caperitide has also been studied as a fi rst line therapy for those with acute heart 
failure, pulmonary congestion, and preserved blood pressure [ 30 ]. Furthermore, 
urodilatin, a renally synthesized ANP, was found to reduce fi lling pressures and 
improve symptoms in those with acute heart failure [ 31 ]. Ularitide, pharmacologic 
urodilatin, is currently undergoing phase III study in the TRUE-AHF clinical trial. 

 The approval of LCZ696, an angiotensin-neprilysin inhibitor, in 2015 heralded a 
new age in the treatment of heart failure. Neprilysin, which degrades many peptides 
including natriuretic peptides, has long been seen as a potential target for drug ther-
apy. Previous studies have been complicated by angioedema side effects. However, 
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the approval of LCZ696 for chronic heart failure patients reinforced the important 
pleotropic effects of natriuretic peptides. Angiotensin-neprilysin inhibition was 
found to be better than ACE inhibition alone at reducing mortality and rehospital-
ization for heart failure [ 32 ].  

    Case 4 

  A 72 year old man with NYHA class III heart failure with reduced ejection fraction 
and multiple rehospitalizations presents to clinic for an additional opinion. He has 
been placed on guideline directed therapy including optimal doses of beta blockers, 
ACE inhibitors, and aldosterone antagonists, and has a heart rate of 65 beats per 
minute. His quality of life is signifi cantly limited to the point where he has diffi culty 
with activities of daily living. He asks if there are any additional options for his 
chronic heart failure.  

 LCZ696 is a newly approved agent for chronic heart failure, NYHA class II to 
IV. The patient is currently already on optimal guideline directed therapy with an 
ACE inhibitor, but continues to do poorly functionally. LCZ696 has been shown to 
reduce mortality as well as rehospitalization compared to ACE inhibition alone, and 
this agent should be offered to the patient both for quality of life improvement as 
well as for mortality reduction. In transitioning from ACE inhibition, a washout 
period of 36 h should be used, and the patient should be warned about the potential 
risks of the medication, including angioedema, hyperkalemia, and hypotension. 

 Future studies are necessary to develop therapeutic modalities for heart failure 
with preserved ejection fraction, as well as additional therapies for chronic heart 
failure. Given the success of dual angiotensin-neprilysin inhibition, chimeric pep-
tides have also been increasingly studied. The natriuretic peptide system remains an 
exciting opportunity for growth and development in the treatment of heart failure as 
well as other cardiovascular diseases.     
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    Chapter 14   
 Natriuretic Peptides: Basic Analytic 
Considerations                     

     Alan     H.  B.     Wu     

    Abstract     The analysis of natriuretic peptides in blood is important and widely 
used for clinical practice for the diagnosis and management of patients with heart 
failure. As with the analysis of any biomarker, the analytical attributes of the assay 
for B-type natriuretic peptide and NT-proBNP can infl uence the interpretation of 
results. Point-of-care testing is an attractive alternative to sending samples to a cen-
tral laboratory. The advantage of getting results sooner must be weighed into the 
additional costs and sacrifi ce in analytical performance.  

  Keywords     Natriuretic peptide   •   Analytical precision in natriuretic peptides   •   Pro- 
BNP   •   Commercial immunoassays for BNP   •   Natriuretic peptide testing in heart 
failure   •   NT-proBNP  

      Case Report 

 A 57-year old male is admitted to the emergency department with acute dyspnea. 
He has a history of asthma and suffered an acute myocardial infarction (AMI) 
three years earlier. He has no prior history of heart failure. The patient has nor-
mal temperature and blood pressure, and has an increase pulse and respiratory 
rate. The patient is overweight (BMI = 30 kg/m 2 ) and is a smoker. Given his his-
tory, the patient was place under the hospital’s protocol for diagnosis and rule out 
of AMI. Table  14.1  shows the results of some of his laboratory results upon ED 
 presentation. All test results were conducted from a central laboratory. The 
patient had mild renal insuffi ciency (eGFR > 50 mL/min). The cardiac troponin I 

        A.  H.  B.   Wu ,  PhD       
  Department of Laboratory Medicine ,  University of California, San Francisco/San Francisco 
General Hospital ,   San Francisco ,  CA ,  USA   
 e-mail: Alan.Wu@ucsf.edu; wualan@labmed2.ucsf.edu  

mailto:Alan.Wu@ucsf.edu
mailto:wualan@labmed2.ucsf.edu


174

concentration was above the 99th percentile cutoff. A repeat test troponin test 
conducted 3 and 6 h later showed no signifi cant change in cTnI relative to base-
line levels, and the patient was ruled out for AMI. The B-type natriuretic peptide 
(BNP) level was abnormally increased. Based on the result of the BNP, the 
patient was diagnosed as having decompensated heart failure, and was admitted 
for further treatment and diagnostic workup. The patient was treated with diuret-
ics which was effective in reducing his shortness-of-breath symptoms.

   On the fi rst hospital day, nurses noted a large volume of fl uid that was excreted 
into the patient’s urine. The doctors ordered a repeat BNP on the next day. The 
BNP level declined from 825 to 235 ng/mL. The substantial decline in BNP 
results suggested to his doctors that the patient had compensated for his heart 
failure through the removal of fl uids. Physicians needed to determine if his cur-
rent increased BNP concentration was due to his mild renal insuffi ciency or pul-
monary disease so an echocardiogram was ordered. The patient had a normal 
ejection fraction and was diagnosed as having preserved diastolic function heart 
failure. He was treated with a β-blocker and an angiotensin converting enzyme 
(ACE) inhibitor. After 4 hospitalized days, the patient was discharged. His repeat 
BNP produced a result of 146 pg/mL. As an outpatient, he underwent regular 
checkups for his heart failure. At two months for his discharge, his BNP increased 
to 323 pg/mL. Based on this result, the patient’s physician increased the ACE 
inhibitor dosage.  

   Table 14.1    Selected laboratory results of case report   

  ED admission  
  Test    Result    Reference range  
 Creatinine  2.1  0.7–1.4 mg/dL 
 eGFR  50 mL/min  >60 mL/min 
 hs-CRP  4.1 mg/dL  high risk: >3 mg/dL 
 Cardiac troponin I  0.58 ng/mL  <0.04 ng/mL 
 B-type natriuretic peptide  825 pg/mL  <100 pg/mL 
  Three hours after ED presentation  
 3-h cardiac troponin I  0.62 ng/mL  <0.04 ng/mL 
 6-h cardiac troponin  0.59 ng/mL  <0.04 ng/mL 
  Day 1 hospitalization  
 B-type natriuretic peptide  235 pg/mL  <100 pg/mL 
  Discharge (day 7 after hospitalization)  
 B-type natriuretic peptide  146 pg/mL  <100 pg/mL 
  Two-month followup  
 B-type natriuretic peptide  323 pg/mL  <100 pg/mL 
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    Analytical Considerations for Natriuretic Peptides 

    Biochemistry and Commercial Assays 

 Pro-BNP is a 108 amino acid precursor peptide found in cardiac myocyte that 
metabolizes by the enzyme corin to BNP, 32-amino acid hormone, and NT-proBNP, 
an inactive76 amino acid peptide [ 1 ]. BNP and NT-proBNP are release into the 
circulation following volume overload and cardiac wall stress and vasoconstriction 
and the loss of electrolytes. BNP counters the action of renin and aldosterone which 
are vasodilators and retention of salt and water. Once released, BNP binds to natri-
uretic peptide receptors at the site of action and is degraded by peptidases. BNP has 
a short half-life of about 20 min, while the half-life of NT-proBNP is longer at 2 h 
[ 2 ]. In patients with heart failure, proBNP also circulates in blood as the native form 
and glycosylated [ 3 ]. 

 There are four major manufacturers of commercial BNP assays, Abbott 
Laboratories, Alere Inc., Beckman Coulter, and Siemens (Centaur). Due to the 
instability of the analyte, Blood must be collected into tubes containing EDTA and 
tested for BNP within a few hours of collection. Major manufacturers for NT-proBNP 
include Roche, Siemens (Dimension), and Ortho Vitros. NT-proBNP is more stable 
than BNP and can be tested in serum or plasma. In addition to Alere, there are also 
a number of point-of-care (POC) assays for BNP and NT-proBNP have been FDA 
cleared (Response Biomedical, Biomerieux, and Mitsubishi) while many others are 
in development. POC testing devices operate on whole blood and provide natri-
uretic test results within 20 min of collection. However, individual test cartridges 
are more expensive and assays are less precise than those obtained from the central 
laboratory. 

 The use of BNP and NT-proBNP are protected by patents, and licenses are 
required to implement commercial assays for clinical practice. There is no clinical 
utility of providing both set of results on a given patient. The choice of the bio-
marker is dependent on the laboratory’s choice of clinical laboratory instrumenta-
tion. Although antibodies can be raised against proBNP that have no cross reactivity 
towards the metabolites (BNP and NT-proBNP) [ 4 ], there are no commercial assays 
for proBNP. 

 The reference range for BNP and NT-proBNP increase with each decade of age, 
with women having higher values than men. Despite these differences in these pop-
ulations, the manufacturers have received approval by the FDA for a single cutoff 
for BNP the cutoff (100 pg/mL) and two cutoffs for NT-proBNP (125 pg/mL for 
individuals less than 75 years and 450 for individuals ≥75 years. In the absence of 
heart failure, BNP and NT-proBNP are lower for both men and women who are 
obese [ 5 ] and are higher for those with renal insuffi ciency [ 6 ]. In order to provide 
more clarity, some investigators have suggested use of other cutoff concentrations 
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for BNP and NT/proBNP when incorporates a “gray zone” between diagnosis and 
rule out, BMI and glomerular fi ltration rate (Table  14.2 ) [ 2 ]. This strategy of select-
ing a cutoff concentration that optimizes clinical sensitivity and specifi city for heart 
failure is unlike the approached used in determining the cutoff concentration for 
cardiac troponin. In the latter case, any increase of cardiac troponin above the 99th 
percentile of a healthy population is used as the cutoff concentration to indicate 
myocardial injury, irrespective to ischemic or non-ischemic etiologies.

   In this case report, the assay used for BNP was not specifi ed as would be the typi-
cal in routine practice today. BNP results at presentation greatly exceeded the cutoff 
concentrations shown in Table  14.2  and decompensated heart failure is established 
as the diagnosis. An increase would have been evident irrespective to the BNP assay 
used. A decline in BNP value to 235 pg/mL on the next day, and then a further 
decline to 146 pg/mL at the patient’s discharge from the hospital suggest compensa-
tion. A subsequent increase to 323 pg/mL suggests heart failure disease 
progression.  

    Imprecision, Bias and Total Allowable Error 

 Analytical attributes of a clinical laboratory test can have a signifi cant infl uence on 
how a biomarker is interpreted in clinical practice. Through the use of quality con-
trol materials, the analytical imprecision of an assay is tracked by the clinical labo-
ratory daily. For the natriuretic peptides, testing conducted from the centration 
laboratory typically has imprecision between 5 and 10 %. BNP and/or NT-proBNP 
testing performed through the use of point-of-care devices can produce higher ana-
lytical imprecision (e.g., 10–20 %). While this is higher than for results obtained 
from the central laboratory, there is no clinical consequence [ 7 ]. This is because the 
interpretation of BNP/NT-proBNP is made relative to large increases or decreases 
in results. This is in contrast to troponin, where small changes in troponin results 
may indicate myocardial necrosis, and high analytical precision is needed. The 

    Table 14.2    Proposed cutoff concentrations for BNP and NT-proBNP   

 Cutoff 

 BNP, pg/mL  NT-proBNP, pg/mL 

 Acute decompensated HF  100 rule out  450 for <50 years, 
 100–400 gray zone  900 for 50–75 years 
 400 rule in  1800 for >75 years 

 Renal dysfunction (eGFR 
<60 mL/min) 

 200  1200 

 Obesity  170, for BMI <25 kg/m 2   900 
 110, for BMI 25–25 kg/m 2  
 54, for BMI ≥35 kg/m 2  

  Data from Kim and Januzzi [ 2 ]  
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biological variation for the natriuretic peptides is high relative to other clinical labo-
ratory tests. In this case report, differences in BNP results from one sample to the 
next change by large fractions, i.e., they greatly exceed the assay’s imprecision. 
Therefore the medical decisions that are needed for this patient are not infl uenced 
by the assay’s imprecision when point-of-care testing devices are used. 

 Bias refers to differences in laboratory results between the one used in a clinical 
laboratory and a reference standard. For BNP/NT-proBNP, neither a reference stan-
dard nor a reference method exists. Therefore  absolute  bias of a particular assay 
cannot be determined. For routine clinical practice,  relative  bias is important. This 
relates to differences in test results between different analytical testing platforms. 
There are several manufacturers of BNP and NT-proBNP reagents. Biases exist 
between assays for the same biomarker. While there is a common cutoff concentra-
tion, BNP results are not commutable, i.e., the result by one assay cannot be recal-
culated through the use of a correction factor, with any degree of confi dence, to the 
other assay. There are also non-commutable differences in NT-proBNP results, 
despite the fact that one company (Roche Diagnostics) owns the patent on the clini-
cal use of this peptide and has licensed their antibodies to other manufactures and 
requires use of their standards. A major cause of lack of assay harmony refers to the 
differential sensitivity of antibodies used in BNP assays against the targeted pep-
tides, post-translational modifi cations, and reactivity towards the precursor protein 
(proBNP) [ 8 ]. Figure  14.1 , group 1 and 3 shows that among BNP and NT-proBNP 
assays, there are different degrees of cross-reactivities towards the targeted protein. 
Figure  14.1 , group 2 and 4 shows different cross-reactivities towards the precursor 
protein (glycosylated and native proBNP), known to circulate in blood of heart fail-
ure patients. These differences will produce different BNP and NT-proBNP results, 
even if they are calibrated to the same standard. In this case report, all serial BNP 
results were produced from the same manufacturer of reagents. This is the most 
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  Fig. 14.1    Differences in cross reactivities among commercial immunoassays for BNP and 
NT-proBNP.  1st group : recombinant BNP (aa 77–108).  2nd group : glycosylated proBNP (aa: 
1–108).  3rd group : recombinant NT-proBNP (aa 1–76). 4th group: native recombinant proBNP 
(aa: 1–108).  Left pair : BNP assays ( vertical  bar: Abbott Architect,  horizontal bar : Siemens 
Centaur, diagonal bar: Alere Triage).  Right pair : NT-proBNP assays ( vertical bar : Siemens 
Dimension,  horizontal bar : Ortho Vitros,  diagonal bar : Roche Elecsys) (Data from Luckenbill 
et al. [ 8 ])       
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appropriate manner to interpret results. Conclusions cannot be so readily rendered 
if tests were conducted from different platforms. Clinical laboratories do not indi-
cate the manufacturer or instruments on clinical laboratory reports. Physicians must 
inquire about how testing is performed if a patient is seen at different institutions. It 
is extremely diffi cult to interpret results when results of BNP vs. NT-proBNP are 
interchanged from the same patient.

   The total allowable error is the sum of the bias (absolute value) and imprecision. 
This concept is used by clinical laboratories to establish goals for quality control for 
their laboratories. Several regulatory agencies such as the Center for Medicare and 
Medicaid (CMS) have established minimum performance by laboratories for com-
monly tested analytes. Neither CMS nor any other regulatory agency have estab-
lished total allowable error goals for the natriuretic peptides.  

    Biological Variation 

 The biological variation of a laboratory test refers to the variances within an indi-
vidual over time and among a group of individuals. Biological variation studies are 
conducted on healthy subjects. The within-individual variances, calculated as the 
coeffi cient of variance (CV I ), is computed by serial collection of blood from the 
same individual over a period of time. The time interval of blood collection is deter-
mined by the intended utility of the test and range from hours, to days, weeks, and 
months. Typically 4–6 samples are required for each individual. The group vari-
ances are calculated as the CV G  and is the experimental variability across all sub-
jects tested. Usually, only a dozen or more different individuals are needed. These 
two measured attributes along with the analytical imprecision (CV A ) are used to 
determine various attributes of a test such as the index of individuality and the refer-
ence change value. The RCV is a means to establish a cutoff value between the 
results of serial biomarker results [ 9 ]. 

 Compared to other cardiac risk assessment markers, e.g., cholesterol, the natriuretic 
peptides have a relatively high biological variation when measured over days, weeks, 
and months. Table  14.3  lists the biological variation for the natriuretic peptides, results 
broken down according to the interval of blood collections [ 10 ]. The longer the dura-
tion of observation the higher the biological variation and the corresponding RCV 
value. Table  14.3  also shows that the biological variation for BNP is higher than for 
NT-proBNP, making it slightly less useful for long-term monitoring of disease [ 11 ].

    Table 14.3    Biological variation for BNP and NT-proBNP 1    

 Within-day  Day-to-day  Week-to-week 

 B-type natriuretic peptide  ±32 %  ±74 %  ±113 % 
 NT-proBNP  ±25 %  ±55 %  ±98 % 
 Cholesterol  NA  NA  ±15 % 

   NA  not applicable  
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   In the case report, the BNP result dropped from 825 to 235 pg/mL, a decline of 
350 %. This greatly exceeds the within-day RCV cutoff of 32 %, indicating that this 
decline in result exceeds the variation that is expected during health. One might 
conclude that diuretic therapy was effective in treating this patient’s decompensa-
tion. A further decline to 146 pg/mL also exceeds the day-to-day RCV. Since this 
result was obtained on the day of discharge, it serves as a baseline for any outpatient 
monitoring. At six months, a repeat BNP result was 323 pg/mL, a 220 % increase 
over baseline. This exceeds the week-to-week RCV of 112 % indicating a situation 
of worsening of heart failure. Depending on the symptoms, this patient may benefi t 
from a more aggressive treatment of his heart failure.   

    Summary 

 The analytical attributes of a biomarker can be critically important in assessing the 
performance of the test in clinical practice. Ideally, the biomarker should be stable 
and assays should be precise, standardized across testing platforms, and exhibit low 
biological variation. Assays for the natriuretic peptides fulfi l many but not all of 
these desirable attributes. For example, the high biological variation makes room 
for the use of other heart failure markers such as soluble ST-2 and galectin-3, which 
have lower reference change values [ 12 ]. For these biomarkers, it may be possible 
that a smaller degree of change in results over time may indicate a signifi cant change 
in the clinical status of the heart failure patient, thereby warranting a change in their 
management. Recently, sacubitrol has FDA cleared for treating heart failure patients.  
This drug inhibits neprilysin, an enzyme that breaks down BNP and other vasoactive 
peptides. The levels of BNP are decreased following sacubitrol treatment, whereas 
NT-proBNP levels are increased.     
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    Chapter 15   
 Natriuretic Peptide Use in Screening 
in the Community                     

     Noel     S.     Lee       and     Lori     B.     Daniels    

    Abstract     Congestive heart failure is a widely prevalent chronic condition affecting 
over 23 million people worldwide. The heart failure spectrum spans from asymp-
tomatic individuals at risk to those suffering symptoms even at rest. In between are 
patients with silent left ventricular dysfunction, which is often only diagnosed after 
an abnormal electrocardiogram or chest imaging is obtained during workup for 
other medical conditions. One in 10 of such individuals will develop symptoms 
annually. The 2013 American College of Cardiology Foundation and the American 
Heart Association practice guideline for the management of heart failure recom-
mends screening particularly high risk individuals with echocardiography, as stud-
ies indicate pharmacologic treatment of asymptomatic left ventricular dysfunction 
improves outcomes. One area of interest is the role of natriuretic peptides – such as 
B-type natriuretic peptide, or BNP, and its N-terminal fragment, NT-proBNP – in 
screening. Although investigators have debated their cost effectiveness, studies have 
found that these biomarkers are useful not only in evaluating for current left ven-
tricular dysfunction, but also in predicting future dysfunction, incident heart failure, 
and all-cause mortality. Accurate risk stratifi cation, diagnosis, and prompt initiation 
of treatment in these individuals are important facets of heart failure care that natri-
uretic peptides may facilitate.  
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     But I don’t have heart failure! – American Heart Association infographic 

   A 2013 American Heart Association (AHA) policy statement [ 1 ] cautioned all 
Americans against nonchalantly brushing off congestive heart failure. The takeaway 
message was underscored emphatically in an accompanying infographic. Just below 
the heading “But I don’t have heart failure!” read the stark truth: “By 2030 heart 
failure costs could reach $70 billion, meaning every U.S. taxpayer could owe $244 
a year, whether they have it or not.” Aside from emphasizing the more than doubling 
of present costs, the publication spotlighted several predictions for 2030, including 
that over 8 million people in the United States, or 1 in 33, will have this chronic 
condition. But the policy statement also clearly stated that the calculations assumed 
a steady rate of scientifi c advancement and unchanged clinical practices. 
Community-based prevention and treatment are keys to curtailing this escalation. 

 With an annual incidence of over 550,000 Americans and a 20 % lifetime risk for 
people over 40 years, the heart failure healthcare crisis is not limited to the United 
States [ 2 ]. The prevalence of heart failure worldwide is over 23 million [ 2 ]. Primary 
care physicians bear the majority of the weight not only in caring for this patient 
population but also for the population at risk. These providers generally already 
actively screen for heart failure risk factors by checking blood pressure, hemoglobin 
A1c and/or fasting glucose levels, and lipid panels. They look for signs of obesity 
and tobacco abuse. In these areas, they counsel and initiate medications where 
appropriate. Such interventions have a remarkable impact. For example, long-term 
antihypertensive therapy for both systolic and diastolic hypertension cuts the risk of 
heart failure by about half [ 3 ]. 

 Controlling risk factors is not the only way to reduce the impending growth in 
heart failure, though. A subset of people with left ventricular (LV) dysfunction fall 
into Stage B heart failure: structural disease without symptoms. Many remain undi-
agnosed. One community study out of Olmsted County, Minnesota found that over 
half of the residents with moderate or severe diastolic dysfunction or systolic dys-
function with an LV ejection fraction no greater than 40 % either had not been evalu-
ated for heart failure at all or were asymptomatic [ 4 ]. Of the 40 individuals with an 
ejection fraction of 40 % or less, only 47.5 % were taking angiotensin-converting 
enzyme [ACE] inhibitors, and only 22.5 % were taking beta-blockers [ 4 ]. Identifying 
this preclinical Stage B heart failure population is important, as randomized trials 
have demonstrated that medical therapy signifi cantly reduces incident heart failure 
and heart failure-related hospitalizations in patients with asymptomatic LV dys-
function [ 5 ]. 

 Thus, screening for heart failure may be benefi cial: the condition is serious and 
prevalent, particularly among expanding older age groups, and treatment before 
onset of symptoms occur can improve outcomes. The AHA and American College 
of Cardiology (ACC) have produced evidence-based guidelines for the prevention 
and treatment of heart failure [ 3 ]. However, screening strategies are still under 
investigation. Should everyone in the community be checked? Or only the highest 
risk subgroup? And at what frequency? One screening modality has garnered much 
attention but equally as much controversy: the use of natriuretic peptides like B-type 
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natriuretic peptide (BNP) and its N-terminal fragment (NT-proBNP). Both have 
been widely employed in diagnosing heart failure in acute dyspnea, guiding 
 management, and evaluating prognosis but are not yet formally recommended for 
routine measurement in current screening guidelines [ 3 ]. 

 Even over 15 years ago, BNP was postulated as a promising screening tool [ 6 ]. 
A simple blood test, it is easily obtained and causes minimal discomfort. Although 
much cheaper than the gold-stand echocardiogram, it still yields reliable and consis-
tent results, and it already serves as an adjunct in distinguishing heart failure from 
non-heart failure related symptoms in various settings. 

 Like the AHA and ACC, the U.S. Preventive Services Task Force (USPSTF) 
advocates evidence-based approaches to clinical practice guidelines. In evaluating 
screening scenarios, the USPSTF has used analytic frameworks that ask whether 
high-risk groups can be identifi ed; whether screening can accurately test for the 
condition, affect treatment decisions, and reduce morbidity and mortality; and 
whether screening or treatment results in adverse effects [ 7 ]. Figure  15.1  illustrates 
such an analytic framework for screening for heart failure.

   Although the AHA/ACC guidelines assert that not enough data exist yet to rec-
ommend utilizing natriuretic peptides for routine screening, emerging research sug-
gests these markers might be helpful. Specifi cally, the St Vincent’s Screening TO 
Prevent Heart Failure (STOP-HF) study [ 8 ] was the fi rst randomized, prospective 
investigation on this topic and was published after the guidelines were released. 

 In this investigation, 1374 subjects over age 40 at risk of heart failure (with one or 
more of the following risk factors: hypertension, hypercholesterolemia, obesity, vas-
cular disease, diabetes, arrhythmias, moderate to serve valve disease) were randomly 
assigned to receive standard non-BNP-guided primary care or screening with 
BNP. Patients in the latter group with BNP levels of at least 50 pg/mL underwent 
echocardiography and were referred to multifaceted cardiology specialty care. Of 
the 697 patients randomized to BNP screening, 263 patients (41.6 %) had elevated 
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levels that placed them in this collaborative treatment plan. Analysis after a mean 
follow-up of 4.2 years demonstrated that BNP screening and targeted care 
 signifi cantly reduced rates of LV dysfunction with and without heart failure (5.3 % 
vs. 8.7 % in the intervention group and the control group, respectively; p = 0.003) [ 8 ]. 

 The STOP-HF study is just one of the studies advocating the value of natriuretic 
peptides as a screening tool for heart failure. Here we will examine clinical cases in 
which the natriuretic peptides BNP and NT-proBNP may be applied to screening for 
heart failure risk in the community. 

     Discussion Points 

     1.     What risk factors for heart failure does this patient have, and how should 
they be managed?      

 In order to understand the utility of natriuretic peptides and to potentially apply 
them to heart failure screening, practitioners must be able to identify patient risk 
factors. 

 This patient falls into the stage A category of heart failure: he is at risk but does 
not have known structural heart disease. Uncontrollable risk factors in this patient 

 Case 1 
 Mr. HF, a 65-year-old African-American man, presents to your primary care 
offi ce to establish care. He reports a history of well-controlled hypertension, 
diabetes, and hyperlipidemia, but he recently lost his job and is concerned 
about being able to afford his medications. He was diagnosed with hyperten-
sion at age 47 and subsequently made several lifestyle modifi cations, includ-
ing a 7-pound weight loss through exercising 30 min per day, 5 days per week, 
and reducing his fast-food intake. Medications include daily baby aspirin, 
metformin, lisinopril, hydrochlorothiazide, and simvastatin. 

 Despite these commitments to improving his lifestyle, Mr. HF has strug-
gled with tobacco abuse. He has a 16-pack-year history and is currently smok-
ing ½ a pack per day. He drinks a glass of wine occasionally with dinner. 
Family history is notable for obesity, diabetes, and coronary artery disease in 
his mother, who suffered a myocardial infarction at age 68. Review of systems 
is negative for shortness of breath, dyspnea with exertion, lower extremity 
edema, chest pain, palpitations, cough, and orthopnea. He sleeps with one 
pillow and denies paroxysmal nocturnal dyspnea. 

 His blood pressure is 129/85; pulse 79 beats per minute. BMI is 27.6 kg/
m 2 . His cardiovascular exam reveals a regular heart rate and rhythm with a 
fourth heart sound and a nondeviated point of maximum impulse. Jugular 
venous pressure is 7 cm. His lungs are clear to auscultation, and he has no 
lower extremity edema. Distal pulses are palpable bilaterally, and his extremi-
ties are warm to touch. Electrocardiogram shows normal sinus rhythm with-
out abnormalities. 
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include male sex, older age, and black race. People who live to age 40 have a 20 % 
lifetime risk of developing heart failure, and studies have found an incidence of up 
to 19.3 per 1000 person-years in people over 65 years of age [ 2 ]. Increased risk in 
black individuals is at least partially attributed to a higher prevalence of other risk 
factors, such as obesity, chronic kidney disease, diabetes, and hypertension [ 2 ]. 

 Controllable risk factors in this patient include obesity, hypertension, diabetes, 
smoking, and dyslipidemia. He should be encouraged to continue his weight loss, 
diet control, and exercise. A BMI of 30 kg/m 2  or greater doubles the risk of heart 
failure; diabetes can double the risk in men and increase it by fi vefold in women [ 2 ]. 
Smoking cessation strategies should be discussed, as this habit is independently asso-
ciated with a 47 % increased risk of heart failure [ 2 ]. Ex-smokers have been shown to 
have a 30 % lower mortality rate than current smokers after 2 years of cessation [ 2 ]. 

 Additionally, psychological stress may be a risk factor for heart failure, and his 
stressors are clearly affecting his health. Patients may benefi t from learning stress, 
anger, and time management skills. He should be reminded to take his blood pres-
sure medication, as this disease doubles his risk (it triples the risk in females) [ 2 ]. 
Treatment of hypertension can reduce the incidence of heart failure by nearly half 
[ 2 ]. Additionally, individuals with blood pressure greater than 160/90 are at double 
the risk of those with blood pressure less than 140/90 [ 2 ]. 

 In other patients, providers should be mindful of a history of coronary artery 
disease, valvular heart disease, drug exposures (such as chemotherapy, cocaine, or 
non-steroidal anti-infl ammatory drugs), alcohol use, and family history of heart fail-
ure or coronary artery disease [ 2 ,  3 ]. Patients should also be screened for sleep- 
disordered breathing, anemia, and chronic kidney disease. 

 The Health Aging and Body Composition (ABC) heart failure risk score [ 9 ] and the 
Framingham heart failure risk score (FHFRS) [ 10 ] are examples of proposed risk strat-
ifi cation tools. These scores take into account predictors of incident heart failure such 
as age, coronary artery disease, LV hypertrophy, systolic blood pressure, and heart rate.

    2.     The patient is particularly concerned about congestive heart failure: his 
friend suffered from it until his death last year. He recalls that his friend had 
several ultrasounds of his heart over the course of a few years. He is strapped 
for cash but asks if any tests or an ultrasound can be done.     

  According to the ACC/AHA guidelines, routine periodic population screening 
for asymptomatic reduced LV ejection fraction is not cost-effective and is not rec-
ommended [ 3 ]. This patient has numerous risk factors, though. Although routine 
use of natriuretic peptides is not yet justifi ed, the guidelines acknowledge that 
screening with BNP prior to echocardiography may be a cost-effective approach to 
identifying high-risk patients [ 3 ]. 

 Heidenreich et al. [ 11 ] studied the cost-effectiveness of utilizing BNP to screen 
for LV dysfunction by comparing four screening strategies:

•    BNP with follow-up echocardiography for those with abnormal concentration 
and subsequent treatment with ACE inhibitors for those with LV ejection frac-
tion under 40 %  

•   BNP with treatment based on abnormal results  
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•   Echocardiography with treatment based on abnormal results  
•   No screening    

 In populations with a 1 % prevalence of reduced LV ejection fraction, screening 
with BNP followed by echocardiography provided a cost-effective health benefi t. 
Using the cost-effective standard threshold of $50,000 per quality-adjusted life year 
(QALY), this combined approach in men offered a $22,3000 incremental cost per 
QALY gained compared to no screening. Screening with echocardiography alone 
had an incremental cost of $123,500 per QALY gained. Using BNP alone was not 
only more expensive but led to a worse outcome. Due to a lower prevalence of dis-
ease (<1 %) in women, screening with BNP with follow-up echocardiography in this 
subset was less cost-effective at $77,700 per QALY gained. Both BNP alone and 
echocardiography alone, however, led to worse and more expensive outcomes [ 11 ]. 

 Other data indicate NT-proBNP may be used as a “rule-out” tool for asymptom-
atic LV dysfunction in hypertensive or diabetic individuals, so could be considered 
in this patient’s case. Betti et al. used NT-proBNP and echocardiography to screen 
1,012 primary care patients on medications for type 2 diabetes and/or systemic 
hypertension for Stage B heart failure [ 12 ]. Diastolic dysfunction was present in 
36.4 % of patients; systolic dysfunction was present in 1.1 %. Using an NT-proBNP 
cutoff value of 125 pg/mL was best for ruling out asymptomatic LV dysfunction, 
with a sensitivity and negative predictive value of 100 % in identifying pooled 
moderate- to-severe diastolic and systolic dysfunction in all subjects except males 
under 67 years, in whom the sensitivity was 87.5 %, and the negative predictive 
value was 99.5 % [ 12 ]. These results suggest low levels of natriuretic peptides basi-
cally exclude the presence of disease.

    3.     The result return with NT-proBNP of 156 pg/ml. How should you interpret 
this result? What counseling is appropriate?     

  Studies of BNP and NT-proBNP use various cutoffs. Currently, none have been 
validated for diagnosing or excluding heart failure in an outpatient setting, though 
several have been suggested. Betti et al. found that low NT-proBNP levels (<125 pg/
mL) might rule-out LV dysfunction [ 12 ]; others have suggested utilizing a some-
what higher cut-point of 190 pg/mL [ 13 ], and still others have had successful 
screening strategies with even lower levels (i.e., 50 pg/mL in STOP-HF [ 8 ]). 

 How should this patient’s result be interpreted? Betti et al. also discovered sig-
nifi cant trends in NT-proBNP levels across different types of LV dysfunction. Levels 
were signifi cantly higher in patients with asymptomatic LV dysfunction than in 
patients with normal echocardiograms. The highest values were observed in those 
with systolic dysfunction. They were also signifi cantly different comparing mild, 
moderate, and severe diastolic dysfunction subgroups. Overall, however, the test 
was not useful for ruling in LV dysfunction: its specifi city ranged from only 59.9 to 
92.7 %, lowest for females over 67 years [ 12 ]. 

 Though not diagnostic, natriuretic peptide testing provides incremental prognos-
tic information. Choi et al. measured NT-proBNP in 5,597 multi-ethnic (non- 
Hispanic white, African-American, Hispanic, and Chinese) American men and 
women ages 45–84 years without a history of cardiovascular disease or heart failure 
[ 14 ]. During an average 5.5-year follow up, 111 experienced incident heart failure. 
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Of these cases, 77 % had NT-proBNP concentrations in the top quartile. NT-proBNP 
levels in the top quartile were signifi cantly associated with incident heart failure in 
the total population (overall hazard ratio 10.52, 95 % CI 6.78–16.33, p < 0.001) as 
well as in the non-Hispanic white, African-American, and Hispanic subsets [ 14 ]. 
(Incident heart failure in Chinese-Americans was lower than in the other ethnic 
groups, and the rate was deemed too low for statistical analysis.) 

 Thus, the patient in Case 1 should be counseled that although his NT-proBNP 
level is above the recommended cutoff of 125 pg/mL, it neither suggests nor diag-
noses LV dysfunction; rather, it elevates the patient’s risk level and provides grounds 
for a higher degree of vigilance including, perhaps, further investigation. Elevated 
natriuretic peptide concentrations can sometimes result from non-heart failure eti-
ologies, such as obstructive sleep apnea, anemia, renal failure, or older age [ 3 ]. 
Nonetheless, since he is high-risk, further investigation should be considered.

    4.     When should this person be rescreened?     

  Analysis suggests that yearly screening with natriuretic peptides is not cost- 
effective [ 11 ]. Some studies suggest that serial NT-proBNP measurements, which 
can change substantially over 2–3 years, can refl ect change in subclinical disease, 
though. In one study, apparently healthy individuals with an initially low NT-proBNP 
concentration who had an increase of 25 % (to a level of at least 190 pg/mL) had 
approximately twice the risk of incident heart failure and cardiovascular mortality 
over the next 10 or so years compared with those whose NT-proBNP level decreased 
or remained the same [ 13 ]. The same was true for subjects with initially high 
NT-proBNP whose levels increased by at least 25 % (approximately twice the risk 
compared to those with persistently high levels), whereas the opposite was true for 
those whose initially high levels decreased by at least 25 % to <190 pg/mL (approxi-
mately half the risk) [ 13 ]. 

 As heart failure screening guidelines evolve, practitioners must realize that a 
single natriuretic peptide measurement may potentially rule-out LV dysfunction or 
contribute prognostic information at that time point, but trending levels may provide 
additional insight into a patient’s cardiovascular health and whether it has changed. 
Although at present, natriuretic peptides are not routinely used for screening in 
clinical care, future screening guidelines may endorse not just one, but perhaps 
repeated natriuretic peptide measurements every 2–3 years.

    5.     When should echocardiography be considered?      

 As discussed, evidence suggests using BNP for screening prior to echocardiog-
raphy is more cost-effective than echocardiography alone in ruling out heart failure 
[ 11 ]. Assessment of LV ejection fraction in asymptomatic individuals based on 
elevated natriuretic peptide levels should be considered but may not always lead to 
increased benefi t. The Cardiovascular Health Study (CHS) was a multicenter, pro-
spective observational cohort study of cardiovascular disease in 4,137 adults at least 
65 years old without heart failure. Investigators measured baseline NT-proBNP and 
LV ejection fractions, a repeat NT-proBNP measurement after 2–3 years, and a 
repeat echocardiogram after 5 years. In this population with a 10.7 year median 
follow-up, the LV ejection fraction contributed minimally to the information 
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provided by a single or repeat NT-proBNP level in evaluating risk for incident heart 
failure or cardiovascular mortality [ 15 ]. To detect one abnormal LV ejection frac-
tion, 14 patients with a high baseline NT-proBNP concentration (>190 pg/mL) or 34 
participants with initially normal (<190 pg/mL) but subsequently increased levels 
(with a >25 % increase to ≥190 pg/mL) would need to be screened [ 15 ]. 

 Follow-up echocardiography in select patients could be useful, though. The same 
study demonstrated that individuals with either a high baseline or with an increasing 
NT-proBNP level were signifi cantly more likely to develop a reduced LV ejection 
fraction compared to those with stably low NT-proBNP levels [ 15 ]. Since pharma-
cologic treatment of asymptomatic LV dysfunction has a proven benefi t, a cost- 
effective approach might be screening the highest risk individuals for asymptomatic 
LV dysfunction with natriuretic peptides followed by echocardiography in those 
with either a high baseline value or an increasing value on repeat measurement a 
few years later.

    6.     He asks if he should see a cardiologist. How would you uptitrate care?     

  Physicians should be vigilant in patients with elevated natriuretic peptides 
levels. Individuals with Stage A or B heart failure and elevated BNP levels 
(≥100 pg/mL) carry as poor a prognosis as Stage C or D patients with BNP 
<100 pg/mL [ 16 ,  17 ]. Aside from LV dysfunction and incident heart failure, 
natriuretic peptide levels are predictive of stroke or transient ischemic attack, 
atrial fi brillation, and all-cause mortality [ 18 ]. Cognizant of this information, 
physicians should be motivated to enact more aggressive preventive treatment 
plans in certain patients. 

 The effectiveness of uptitration of care based on BNP was evident in 
STOP-HF. Patients in both the control and intervention groups signifi cantly 
improved their hypertension control on follow-up (p < 0.001), but those in the latter 
group were prescribed signifi cantly more renin-angiotensin-aldosterone-system 
agents (either aldosterone antagonists, angiotensin receptor blockers, or ACE inhib-
itors) (p < 0.01) [ 8 ]. In the intervention group, those with high BNP had a trend 
toward lower LDL-cholesterol (p = 0.07) and a signifi cantly higher HDL-cholesterol 
(p = 0.004) level at the end of the study period, although both study arms had a simi-
lar increase in statin therapy [ 8 ]. Dedicated counseling may have led to increased 
awareness on both the parts of the primary care physician and the patient, and there-
fore improved adherence to therapy. 

 Summary of Case 1 
 This case highlights basics in screening for heart failure, which is still an area 
of investigation. Treatment of patients with asymptomatic LV dysfunction has 
a known benefi t. In caring for patients, identifying risk factors is important. 
The ease of natriuretic peptide testing compared to echocardiography should 
be recognized and considered in clinical decision-making. Caveats in test 
interpretation, frequency of rescreening, and possible uptitration of care must 
be taken into consideration when ordering an initial BNP or NT-proBNP 
level. Patient and practioner awareness is crucial. 
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      Special Populations 

 Heidenreich et al., among other investigators, noted that the utility and cost- 
effectiveness of natriuretic peptides as a screening modality depends on the preva-
lence of LV dysfunction in the subgroup being screened: the test may be more 
economical in higher risk patients, such as those with prior atherosclerotic events, 
rather than all-comers [ 11 ]. The next cases discuss special patient populations. 

     How Might Clinical Decision-Making Based on Natriuretic 
Peptide Levels Change? 

 The STOP-HF study used a non-gender-specifi c BNP cutoff of 50 pg/mL for further 
evaluation with echocardiography and referral to specialized cardiology care, but 
most data suggest that sex- and age-specifi c cut-points would strengthen the value of 
natriuretic peptides in screening [ 18 – 20 ]. This idea correlates with the increase in 
concentrations of natriuretic peptides observed in women and also with older age. 
The physiologic mechanism for higher natriuretic peptide concentrations in women 
compared with men is not fully established but is likely related to sex hormones [ 20 ]. 

 Despite the fact that natriuretic peptide levels tend to run higher in women com-
pared to men, most studies have shown that, with appropriate cut-points, their ability 
to predict heart failure risk is at least as strong in women as it is in men [ 14 ,  18 ,  21 ]. 

      Would BNP Be Useful in Pre-participation Screening 
for Cardiac Abnormalities in This Patient? 

 Currently, data indicate that BNP is not useful as part of the pre-participation screen-
ing for cardiac abnormalities. One study of 457 college varsity athletes examined 
BNP and NT-proBNP levels at least 1 h after exercise [ 22 ]. Cardiac structure and 

 Case 2 
 Consider the scenario if the patient in Case 1 were female. 

 Case 3 
 Your patient is a 19-year-old college sophomore who currently runs 6 miles 
per day. She presents to your offi ce for a required physical prior to joining the 
varsity cross-country team. She mentions occasional dizziness after her most 
strenuous runs but reports a quick recovery. She denies a history of syncope 
and has no signifi cant past medical history. She takes no medications. She 
denies tobacco, alcohol, or recreational drug use. Her family history is nega-
tive for cardiovascular disease. Her pulse is 59, and her blood pressure is 
103/68. Her BMI is 20 kg/m 2 . 
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function were evaluated by hand-held echocardiography in 200 of the subjects. 
Most athletes had low natriuretic peptide levels. Subjects with a history of exer-
tional dizziness or passing out had signifi cantly higher natriuretic peptide levels, 
which ultimately did not correlate with any structural abnormalities or exam indica-
tor such as hypertension or cardiac murmur [ 22 ]. Further studies are needed prior to 
applying natriuretic peptides to clinical decision-making in this population. 

      Should You Consider Screening This Patient for LV Dysfunction 
with Natriuretic Peptides? 

 A study including 703 healthy individuals without traditional risk factors for heart 
failure found that NT-proBNP was not predictive of death, heart failure, cerebral 
vascular accident, or myocardial infarction, suggesting against the use of this bio-
marker in obtaining information regarding future cardiovascular events, including 
heart failure, in healthy normal subjects in the community [ 23 ].   

    Other Considerations: Natriuretic Peptides in Conjunction 
with Risk Scores and Other Biomarkers 

 Some studies advocate that natriuretic peptides can be helpful in screening for stage B 
heart failure when used in conjunction with risk scores such as the Health Aging and 
Body Composition heart failure risk score and the Framingham heart failure risk score 
[ 24 ]. In the future, BNP could also be used as part of a multi-marker approach to 
screening. Several studies have evaluated highly sensitive troponin in conjunction with 
natriuretic peptides to screen for heart failure risk, with incremental benefi t found [ 21 , 
 25 ]. Taking it even a step further, one study found that a panel of soluble ST2, growth 
differentiation factor-15, highly sensitive troponin I, high- sensitivity C-reactive pro-
tein, and BNP was useful in categorizing risk and prognosticating death, heart failure, 
and cardiovascular events [ 26 ]. Combining multiple biomarkers that refl ect distinct 
pathophysiologic disturbances within the heart failure spectrum may be a way to 
improve both specifi city and sensitivity when assessing risk. Ultimately, this approach 
may also be a way to tailor preventive therapy in a more individualized fashion, by 
identifying and targeting the particular pathways that show biomarker perturbations. 

 Case 4 
 Your patient is a 45-year-old Caucasian woman with no signifi cant past medi-
cal history. Her adoptive father had a heart attack last year, and since then, has 
developed heart failure that signifi cantly limits his physical activities. Your 
patient recently read a newspaper article describing the benefi ts of treating 
patients with asymptomatic LV dysfunction, and she wonders if she falls into 
this category. She takes no medications and uses no substances. Her blood 
pressure is 116/76; pulse is 84. 
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Although the use of panels of biomarkers for risk assessment is not yet validated, such 
combined approaches are a realistic possibility for heart failure screening in the future.  

    Conclusions 

 In considering the value of natriuretic peptides in screening for heart failure in the 
community, the analytic framework in Fig.  15.1  provides a useful and important 
foundation. High-risk groups are identifi able by clinical characteristics and can be 
further delineated by natriuretic peptide levels. Many studies have emphasized the 
potential of natriuretic peptides as an easy “rule-out” test, but positive results and 
change in results over time also yield important prognostic information. These levels 
can affect clinical decisions, as treating asymptomatic LV dysfunction improves out-
comes. Still, whether natriuretic peptide-guided screening or treatment leads to sig-
nifi cant adverse effects remains unknown. The 2013 AHA policy statement called 
for a change in community practices to avoid the impending growth in heart failure 
prevalence and healthcare expenditure, including increased prevention of hyperten-
sion, hyperlipidemia, smoking, and obesity; adherence to guideline-based therapies; 
and application of new heart failure therapies [ 1 ]. Perhaps application of natriuretic 
peptides is the crucial advancement that could spur a decrease in heart failure inci-
dence. Future guidelines may include a screening algorithm as in Fig.  15.2  – one that 
relies on good clinical judgment and uses BNP or NT-proBNP as a stepping-stone to 
uptitration of care for screening and treatment of stage B heart failure.
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  Fig. 15.2    Possible baseline algorithm for future natriuretic peptide use for screening for heart 
failure in the community       
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    Chapter 16   
 Natriuretic Peptide Use in the Emergency 
Department                     

     W.     Frank     Peacock       and     Salvator     DiSomma    

    Abstract     Shortness of breath is a common emergency department presentation fre-
quently requiring early treatment to realize optimal outcomes. The most rapidly 
performed diagnostics, that of taking a history and physical, or limited by their poor 
accuracy, and the most accurate determinates are not available in a fashion early 
enough for emergency medicine usage. Because they are available shortly after 
emergency department presentation, natriuretic peptides can improve diagnostic 
accuracy and thus guide the implementation of mortality reducing interventions. 

 The most frequent ED presenting symptom of acute decompensated heart failure 
is shortness of breath. Unfortunately, this extremely common presentation can be a 
diagnostic challenge as it can occur in a large number of conditions, an abbreviated 
list of which appears in Table 16.1.  

  Keywords     Natriuretic peptides   •   B-type Natriuretic peptide   •   N-terminal pro-B 
type natriuretic peptide   •   Emergency Department   •   Heart Failure  

      The Case of Elbow Macaroni 

    Elbow Macaroni is a 77 year old morbidly obese female patient who presents by EMS to 
the ED after walking up the stairs to her church at 10 am Sunday morning. Well known to 
the hospital, she has suffered with a long history of COPD, and was hospitalized twice in 
the last year; once for pneumonia and once for a gastrointestinal bleeding event felt to be 
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secondary to the anticoagulant she takes for her atrial fi brillation. Mrs. Macaroni has also 
suffered from diabetes for the last 28 years, during which despite being moderately compli-
ant with her therapy, both her vision and renal function have markedly declined. Today’s 
visit was predicated by increasing fatigue, and nausea, the latter of which caused her to 
miss her morning antihypertensive diuretic dose on the day of presentation. She also 
reports cough, which she states kept her up most of last night.  

    On arrival, the patient’s vital signs demonstrate an irregularly irregular tachycardia of 
122, a respiratory rate of 28, BP 165/99, and an oxygen saturation of 89 %. She is dyspneic 
to the point of having diffi culty speaking, diaphoretic, and sitting upright in the bed.  

   Because of the delays in therapy are associated with increased rates of adverse 
outcomes, early treatment is critical. But what treatment is immediately necessary is 
not always obvious. The importance of both early and correct treatment is supported 
by the following investigation by Wuerz [ 1 ], In a cohort of 499 patients transferred 
by ambulance and ultimately found to suffer heart failure, the probability of survival 
was 251 % (95 % CI 137–455, p < 0.01) higher if treatment was performed before 
getting in the ambulance, rather than delayed until hospital arrival, which occurred 
average of 36 min later. However, patients who received early treatment, but for the 
wrong disease suffered even more. In patients with non-HF causes of dyspnea, their 
mortality increased >350 % (p < 0.05) if treated with HF therapy instead of broncho-
dilators. Ultimately, there is a clear premium on diagnostic accuracy (Table  16.1 ).

    It would seem that Mrs. Macaroni would require immediate treatment, and oxygen supple-
mentation should be started as soon as possible. Considering her level of distress, positive 
pressure ventilation would be a reasonable intervention. Careful and constant observation 
to detect any signs of respiratory fatigue should be implemented. If she appears to be tiring, 
preparations for endotracheal intubations should be readied. At this junction the differen-
tial includes too many therapeutic options, beyond airway stabilization. The history and 
physical may provide useful clues, and an initial approach to evaluating the severely dys-
pneic patient appears in  Fig .   16.1  . 

     Unfortunately, in the EMS environment and early after ED arrival, investigation 
beyond a simple history and physical exam are just not available. The history and 
physical should be done in phases, fi rst as an initial survey, and then later when 
more stable a more complete investigation can be performed, all based on patient 
tolerance and the need to initiate immediate treatment. 

 It is helpful to know the extent to which the exam and clinical impression is use-
ful. Table  16.2  shows the performance of various aspects of the history and physical. 
Even a fi nding such as the S3, which has excellent specifi city, has such poor sensi-
tivity that its value is minimized in a large portion of the HF population.

   Physicians must be willing to constantly re-asses their initial impression in 
response to therapy, and as new data become available. Utilization of established 
criteria help in making a diagnosis. The Framingham criteria [ 2 ,  3 ], using history 
and physical fi ndings, require at least 1 major and 2 minor criteria for diagnosis. 
(Table  16.3 ). The Boston criteria (Table  16.4 ) adds chest x-ray (CXR) to the history 
and exam [ 4 ]. More points give higher probabilities for HF. A score > 4 correlates 
with a PAOP >12 mmHg, and has a sensitivity and specifi city of 90 % and 85 %, 
respectively. These criteria are validated, but are limited when asymptomatic.
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        The Importance of Obtaining a History 

 If a patient’s dyspnea is not too extreme and they are able to provide a history, a num-
ber of parameters can suggest either new or exacerbated HF. While the ED HF patient 
commonly has shortness of breath, other complaints supporting a diagnosis of HF 
include dyspnea on exertion, orthopnea, peripheral edema, weight gain, paroxysmal 
nocturnal dyspnea, cough and fatigue. As HF commonly occurs in elderly patients 
with multiple comorbidities, conditions that worsen or precipitate HF should be con-
sidered. These include acute anemia, infection, worsening comorbidities, selected 
over-the-counter medication use, and iatrogenic electrolyte abnormalities. Dietary 
and medication non-compliance commonly account for HF decompensation, and so 
the patient’s habits should be evaluated. Finally, because alcohol and drug use, or 
their withdrawal, adversely impact cardiac function, they should also be considered.  

  Table 16.1    Abbreviated list of causes of shortness of breath  

 1. Cardiac 
   (a) Heart Failure 
   (b) Myocardial Infarction 
   (c) Pericarditis 
   (d) Atrial fi brillation 
 2. Pulmonary 
   (a) Pneumonia 
   (b) Pneumothorax 
   (c) Pulmonary Embolus 
   (d) Asthma/COPD exacerbation 
   (e) Lung Cancer 
   (f) Pleural effusion/Empyema 
   (g) Pneumomediatstinum 
   (h) Aspiration/Foreign Body 
 3. Metabolic 
   (a) Anemia 
   (b) Compensation for metabolic acidosis (e.g., DKA) 
   (c) Poisoning (e.g., metHgb, cyanide) 
   (d) Anaphylaxis/Allergic reaction 
 4. Psychiatric 
   (a) Anxiety 
   (b) Panic Attack 
 5. Musculoskeletal 
   (a) Tietze’s (costrochondritis) 
   (b) Mondor’s syndrome (chest wall thrombophlebitis) 
 6. Miscellaneous 
   (a) Amniotic fl uid embolus 
   (b) Subdiaphragmatic abscess 
   (c) Large volume ascities 
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Acute Severe Dyspnea
(onset within 6 hours)

Yes

Yes

Yes

Yes

Yes

Yes

No Need immediate intubation?
Intubate immediately, then proceed at
“jugular venous distention?” below

Consider HF, tension pneumothorax,
or pericardial tamponade

Consider HF, or pneumonia

Consider COPD/Asthma, pneumonia,
or bronchitis may also be present

Consider upper airway obstruction due
to foreign body, anaphylaxis
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metabolic acidosis, psychogenic

Jugular venous distention?

Rales > 1/3 of chest?

Significant exp. wheezing?

Inspiratory stridor?

Clear lung fields?

No

No

No

No

  Fig. 16.1    Approach to the rapid evaluation of a patient presenting with acute dyspnea. The deci-
sion to intubate a patient with severe dyspnea is not determined by the results of any objective 
testing. Rather it is a clinical decision based solely on the physicians’ impression that the patient is 
either currently, or imminently will, suffer acute respiratory failure. In cooperative but distressed 
patients, a limited trial of BiPap or CPAP may allow enough time for immediate therapeutic inter-
ventions to take effect, thus avoiding the need for more invasive measures. However, non-invasive 
ventilatory measures are not defi nitive airway management and should be considered as short term 
temporary adjuncts. If improvement in clinical status is not seen relatively quickly after their 
implementation, endotracheal intubation should be considered       

   Table 16.2    Sensitivity and specifi city of various aspects of the history and physical   

 Variable  Sensitivity  Specifi city  Accuracy 

 Hx of HF  62  94  80 
 Dyspnea  56  53  54 
 Orthopnea  47  88  72 
 Rales  56  80  70 
 S3 (auscultation)  20  99  66 
 JVD  39  94  72 
 Edema  67  68  68 
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    Physical Examination Limitations 

 The initial part of the exam focuses on the vital signs and airway stability. Lung 
sounds, peripheral edema, JVD, abdominal jugular refl ux (AJR), and the pres-
ence of extra heart sounds can help identify volume overload. Skin mottling, 
indicative of poor peripheral perfusion, is ominous, with a 17.5 odds ratio for 

   Table 16.3    Framingham criteria for the diagnosis of heart failure   

 Major criteria  Minor criteria 

 Paroxysmal nocturnal dyspnea  Extremity edema 
 Neck vein distention  Night cough 
 Rales  Dyspnea on exertion 
 Cardiomegaly  Hepatomegaly 
 Acute pulmonary edema  Pleural effusion 
 S 3  gallop  Vital capacity reduce by 1/3 of normal 
 Increased venous pressure (>16 cm H 2 0)  Tachycardia (≥120) 
 Positive HJR 

  Table 16.4    Boston criteria for diagnosing congestive heart failure  

  History  
   Dyspnea at rest  4 
   Orthopnea  4 
   Paroxysmal nocturnal dyspnea  3 
   Dyspnea while walking  2 
   Dyspnea while climbing stairs  1 
  Chest X-ray  
   Alveolar pulmonary edema  4 
   Interstitial pulmonary edema  3 
   Bilateral pleural effusions  3 
   Cardiothoracic ratio >0.5  3 
   Kerley A lines  2 
  Physical exam  
   HR 91–110 bpm  1 
   HR > 110 bpm  2 
   JVD > 6 cm H 2 0  2 
   JVD & edema or hepatomegaly  3 
   Basilar rales  1 
   Rales > basilar  2 
   Wheezing  3 
   S 3  gallop  3 
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hospital mortality [ 5 ]. Locating the point of maximal impulse (PMI) helps esti-
mate the chronicity of HF. In chronic HF the PMI is shifted laterally due to ven-
tricular remodeling. It is important to recognize that the exam has critical limits 
and variable performance metrics. In one study JVD and AJR had a predictive 
accuracy of only 81 % for pulmonary artery obstructive pressure > 18 mmHg, 
while rales had a positive predictive value of 100 %, versus a negative predictive 
value of only 35 % [ 6 ]. In another study, AJR had a sensitivity of 24 %, but a 
specifi city of 94 % [ 4 ].

   On physical, although she has audible wheezes to the extent that the cardiac exam is lim-
ited, Mrs. Macaroni’s breathing pattern does not exemplify an diffi culties in expiration 
(which if present, would have suggested an exacerbation of her prior COPD). Further, she 
has rales about half-way up her lung fi elds, greater on the right than the left, and although 
her obesity makes the interpretation of JVD diffi cult, she does have 1+ lower extremity 
edema. At this point the physician has enough information to initiate treatment.  

    Clearly, antihypertensive therapy would be appropriate as it may optimize hemodynamics 
if ultimately a diagnosis of HF is made. Since HF is a likely cause of her presentation, 
sublingual, transdermal, or intravenous nitroglycerin could all be considered. Furthermore, 
aerosol bronchodilators may be utilized. While they provide minimal benefi t in the setting of 
HF, their use may provide some improvement in the likely possibility that the patient’s his-
tory of COPD is contributing to her dyspnea. At this point, an ECG and portable x-ray 
should be obtained, and lab testing initiated.  

       Chest Radiography 

 Although negative fi lms do not exclude abnormal LV function, a chest x-ray (CXR) 
is necessary as it can eliminate other diagnoses (e.g., pneumonia) from the differen-
tial. The x-ray fi ndings of HF are, in descending frequency: dilated upper lobe ves-
sels, cardiomegaly, interstitial edema, enlarged pulmonary artery, pleural effusion, 
alveolar edema, prominent superior vena cava, Kerley lines [ 7 ]. Since abnormalities 
lag the clinical appearance by hours, therapy is not withheld pending a fi lm. 

 In chronic HF, CXR signs of congestion have unreliable sensitivity, specifi city, 
and predictive value in identifying those with high pulmonary artery occlusive pres-
sure (PAOP) [ 8 ]. Radiographic pulmonary congestion was absent in 53 % of mild to 
moderately elevated PAOP’s (16–29 mmHg) and in 39 % of those with markedly 
elevated PAOP (>30 mmHg). 

 Cardiomegaly is useful in diagnosing HF. A cardiothoracic ratio > 60 % corre-
lates with higher 5-year mortality [ 9 ]. However, CXRs have poor sensitivity for 
cardiomegaly [ 10 ]. In echocardiographically proven cardiomegaly, 22 % had car-
diothoracic ratios <50 % [ 10 ]. Poor CXR detection of cardiomegaly is explained by 
intrathoracic cardiac rotation. 

 Pleural effusions are missed by CXR, especially if intubated and performed 
supine. In patients with pleural effusions, sensitivity, specifi city, and accuracy of the 
supine CXR was 67 %, 70 %, and 67 %, respectively [ 11 ]. 
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 The sensitivity for HF fi ndings with a portable CXR is poor. In mild HF, only 
dilated upper lobe vessels were found in greater than 60 % of patients. The fre-
quency that CXR HF parameters are found increases with the severity of HF. With 
severe HF, x-ray fi ndings occurred in at least 2/3’s, except for Kerley lines in 11 % 
and a prominent vena cava in 44 % [ 12 ].  

    Echocardiography 

 Bedside ultrasound, when performed by the emergency physician, provides a rapid, 
non-invasive, inexpensive measure to assist in determining the etiology of dyspnea. 
It can evaluate for the presence of pneumothorax, provide information on myocar-
dial contractility, and determine the presence of a pericardial effusion. And by look-
ing at the lungs, ultrasound can aid in differentiating between the HF and the COPD 
by the identifi cation of B-lines. It may also give information on pulmonary volume 
overload by direct lung imaging or by the evaluation of vena cava diameter changes 
that occur as a result of the respiratory cycle. Finally, ejection fraction can be mea-
sured, and while it helps defi nes the etiology and type of HF, there is no correlation 
between EF and symptoms.  

    Lab Testing 

 A number of lab tests may be performed, but with the exception of cardiac markers 
(natriuretic peptides and troponin), the causes of shortness of breath are not com-
monly identifi ed by the lab. Unsuspected anemia, renal failure, severe electrolyte 
abnormalities, or perturbations of acid base status may contribute to shortness of 
breath, but rarely do severe symptoms arise from these factors alone. 

 Of note, while ABG’s may be determine acid–base status and be of use when 
managing an intubated patient, their results are rarely of any diagnostic assistance 
in the acute setting. They should not be used to evaluate the airway or the need for 
intubation at the acute presentation. While they may be of use later in the manage-
ment, at the time of presentation the time wasted obtaining ABG’s is better spent 
performing a clinical assessment and initial interventions.  

    Natriuretic Peptides 

 Since they became commercially available late in the twentieth century, natriuretic 
peptides have been an important part of the emergency physician’s armamentarium 
to help discriminate a potential heart failure presentation from that of the large num-
ber of its mimics. Natriuretic peptides represent a rapid and accurate test to assist in 
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the evaluation of patients presenting with acute dyspnea. In the Breathing Not 
Properly trial [ 13 ] of >1500 patients presenting to an emergency department with 
undifferentiated dyspnea, the physician’s diagnostic accuracy by clinical judgment 
was only 74 %, but improved to 81.6 % when the results of BNP testing were 
considered.

   In Mrs. Macaroni’s case, her BNP level returned from the point of care lab 23 minutes after 
her arrival in the ED. A result of 400 pg/mL requires some interpretation considerations, as 
this is considerably lower than might have been otherwise expected.  

   It is well described that BNP is found at levels lower than clinically expected in 
several situations relevant to the ED. First is in the setting of fl ash pulmonary edema, 
where an otherwise compensated patient experiences an acute episode of severe and 
nearly immediate onset dyspnea. In this setting it is not uncommon for the initial NP 
measurement to be lower than expected. This has been hypothesized to simply be 
the result of insuffi cient time for the protein to be synthesized and released into the 
circulation by the stressed myocardium and may explain the relatively low natri-
uretic peptide level of Mrs. Macaroni. 

 A second cause of unexpectedly low NP levels is reported to occur with obesity 
[ 14 ,  15 ]. It is unclear why this occurs, but it is well described with all NP and is an 
important consideration as most of the developed world struggles with an over-
whelming obesity epidemic. Some have recommended doubling the BNP level 
while using the standard cutpoints in patients with a BMI above 35. In the case of 
Mrs. Macaroni, this would result in a corrected BNP level of 800, and clearly in the 
HF range. 

 Other factors can confound the interpretation of NP. This includes the fact that 
NP levels are critically affected by renal function, as circulating levels of both pep-
tides markedly increase with declining kidney function [ 16 ]. In subjects with nor-
mal kidney function, 1/6th of secreted BNP is cleaved by the kidney with the 
remainder either bound by its receptors or inactivated by neutral endopeptidase. 
Additionally, as deterioration in kidney function has a greater impact on NT-proBNP 
than BNP levels, kidney function should be taken into account when interpreting 
data on BNP or NT-proBNP. 

 Of greatest importance when interpreting NP levels is the consideration of an 
alternative non-HF diagnosis. Because NP’s are released in the setting of ventricular 
overload, it is commonly a heart failure test. However, a consideration of the dif-
ferential diagnosis list of causes of shortness of breath fi nds that many are associ-
ated with ventricular wall stretch (e.g., myocardial infarction, pulmonary embolus, 
etc.). In these settings, while NP’s may be elevated, it is not the result of a HF 
diagnosis, but rather caused by other etiologies (e.g., AMI, PE, etc.). Therefore, it is 
important to consider alternative explanations for the clinical picture rather than 
assuming an elevation of NP is always due to AHF. 

 Secondly, while the presence of an elevated NP can be suggestive of ventricular 
stress in the setting of heart failure, it is important to consider the possibility that 
multiple conditions may be present. For example, if a patient presents with pneumo-
nia and has HF, they will have an elevated NP. It is critical that both underlying 
pathologies are diagnosed and treated. This is an important consideration as occurs 
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most commonly in an older population that frequently suffers multiple co- 
morbidities. To assume that an elevated NP represents the solitary cause of dyspnea 
is done so at the patient’s risk. It is thus the responsibility of the physician to con-
sider that the possibility of multiple sources of dyspnea may exist, and implement 
appropriate therapy for their treatment. 

 Lastly, when interpreting the clinical meaning of the NP test result in a patient 
presenting to the emergency department with an elevated level, it is extremely valu-
able to have some knowledge of their baseline. It is common that patients with 
chronic HF will have a persistently elevated NP level and that it will exceed the rule 
out HF cutpoint. When a previously unknown patient presents to the emergency 
department, whether an elevated NP represents a new elevation, or is simply their 
chronic dry weight baseline requires knowledge of their usual status. 

 Further, when HF patients with a known chronically elevated NP level present to 
the emergency department, the signifi cant relative change value (RCV) must be 
considered. The RCV is the amount of change in a lab test that is associated with an 
increased probability of a clinically relevant change in the patient’s underlying sta-
tus, as opposed to a normal variation of the lab result. It is generally supported that 
a NP elevation exceeding twice the patient’s baseline is suggestive of a clinically 
relevant HF exacerbation. Increases less than a doubling of their baseline dry weight 
NP should prompt an investigation of other potential causes of patient’s presenta-
tion. For decreasing NP levels, the clinically relevant change is generally felt to be 
a 50 % decrease, with decreasing levels of less than 50 % not representing clinically 
signifi cant improvements of baseline status [ 17 ].  

    The Need for Diagnostic Speed 

 The emergency department represents a clinical environment where gravely ill 
patients may present mixed among large numbers of moderately sick individuals. 
Thus a sorting process is required to identify, as rapidly as possible, those who need 
immediate intervention, hospitalization, or therapy from those in who discharge for 
outpatient therapy would be appropriate. The need for rapid diagnosis and treatment 
is supported by one analysis [ 18 ] of 14,900 hospitalized acute decompensated heart 
failure patients who were stratifi ed by BNP and the time it took to receive treatment 
with loop diuretics. Data from this study demonstrate that the greatest acute mortal-
ity was seen in the group of patients with the highest BNP levels and who suffered 
the longest delay in treatment (Fig.  16.2 ). In fact, treatment delays of as little as 4 h 
resulted in a subsequent 250 % relative mortality increase in the group with BNP 
levels exceeding 1865 pg/mL.

   Unique to emergency medicine practice is the concept that all patients must go 
somewhere within as little as 4 h after their arrival. This further complicates the 
sorting process that is an integral part of emergency medicine. Natriuretic peptides 
have unique utility in helping to decide on where patients will be optimally served. 
This is because presentation NP levels are directly associated with short term 
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mortality and can help identifying a subset of patients who may potentially benefi t 
from ICU admission. In an analysis of over 45,000 patients [ 19 ], higher BNP levels 
were reported to be refl ective of greater acute mortality risk (Fig.  16.3 ). In this anal-
ysis, the lowest inpatient mortality (subsequently 1.9 %) was seen when the initial 
BNP was below 430 pg/mL, but increased to 6 % in the cohort with a BNP exceed-
ing 1730 pg/mL (p < 0.0001). As a mortality rate of 6 % exceeds the contemporary 
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 mortality rate of myocardial infarction, early knowledge of the NP level may help 
emergency physician’s to decide if a patient is an ICU candidate or could be appro-
priately served in regular medical fl oor unit.

    In our case of Mrs. Macaroni, since she is a new presentation, consideration of her baseline 
status is unknowable. However, it is common in the emergency department for patients to 
present with a clear history of a prior HF diagnosis, and no knowledge of their baseline NP 
levels. When this occurs, the physician must consider the acuity of the patient’s presenta-
tion, and the severity of their symptoms, when making diagnostic and disposition 
decisions  
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    Chapter 17   
 Heart Failure: Natriuretic Peptide Use 
in the Hospital                     

     Kevin     Shah       and     James     Iwaz    

    Abstract     Acute decompensated heart failure (ADHF) is a leading cause of hospi-
talization amongst elderly in the U.S. The role of natriuretic peptides (NPs) is 
clear in the evaluation of acute dyspnea to help diagnose ADHF. NPs are quantita-
tive markers of wall stress and refl ect severity of heart failure. In the inpatient 
management of ADHF, serial sampling and recognition of down-trending NPs is a 
powerful indicator of patients who are at lower risk for future adverse events. 
Serial monitoring at least once during hospitalization (or if clinical uncertainty 
exists) and a pre- discharge NP should be checked to ensure patients are appropri-
ate for discharge. If persistent elevation occurs, alternate etiologies for this should 
be considered and medications should be further up-titrated and optimized prior to 
discharge.  

  Keywords     Natriuretic peptide   •   Heart failure   •   Prognosis in heart failure   • 
  Monitoring in heart failure   •   Mortality in heart failure   •   Cardiac Biomarkers   •   Acute 
decompensated heart failure  

      Background and Physiology 

 The natriuretic peptides (NPs), B-type natriuretic peptide (BNP) and N-terminal 
proBNP (NT-proBNP), have an established role in the approach to undifferentiated 
dyspnea. As discussed in earlier chapters, BNP and NT-proBNP are secreted from 
cardiac myocytes in response to increased wall tension, usually from volume over-
load and expansion. While NPs have a powerful relationship with cardiac pressure, 
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they have a relationship with valvular heart disease, pulmonary artery pressure, 
heart rhythm abnormalities and coronary ischemia. BNP is the biologically active 
hormone with a half-life of about 21 min, while NT-proBNP is not biologically 
active and has an estimated half-life of 70 min. 

 Signs and symptoms in the diagnosis of heart failure can be non-specifi c and the 
NPs have a role in the diagnosis of acute decompensated HF (ADHF). Patients 
with heart failure who suffer acute decompensations are admitted and decongested 
to a point where they appear near euvolemia with medication optimization and 
then discharged with outpatient follow up. Although these patients may feel symp-
tomatically improved, they have high rates of readmission for heart failure, possi-
bly due to inadequate decongestion and subclinical hypervolemia [ 1 ]. Risk 
stratifi cation for future events in patients with ADHF is diffi cult since prognosis is 
often determined by factors such as New York Heart Association (NYHA) and 
functional class. 

 Readmissions for HF contribute greatly to the cost of medical care in the United 
States. Thus, if one could fi nd ways to optimize medical therapy for those with 
ADHF, one could lower the rates of readmissions and decrease associated health-
care costs. The inpatient management of heart failure and incorporation of NPs is 
evolving. The rationale behind the routine use of NPs for inpatient HF monitoring 
is simple. Most proven HF therapies have been shown to decrease NP concentra-
tions [ 2 – 5 ] and decreases in NP concentration over time have also demonstrated 
favorable outcomes. Therefore, strategies involving titration of therapy towards spe-
cifi c NP targets may improve outcomes (Fig.  17.1 ).

       Value of NPS in ADHF 

 One of the diffi culties in our ability to optimize patients admitted with ADHF is our 
limitations in clinical assessment of volume status. Accurate assessment of volume 
status is diffi cult. We rely on exam fi ndings including jugular venous pressure, 
crackles on pulmonary exam, S3 gallop on cardiovascular exam, and lower 

1

• Decreases in NPs are associated with favorable
 outcomes

• Should targeting lower NPs by titrating therapy
 improve outcomes?

• Most proven HF therapies decrease NPs
2

3

  Fig. 17.1    Rational for 
inpatient NP-guided 
therapy       
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extremity edema. Additionally, weights are often checked as an indicator of total 
body volume depletion with diuresis and decongestion. Therefore, accurate volume 
status can be considered to some extent an art with low inter-rater reliability. In 
contrast, NPs are quantitative, reproducible, and can serve as a potential surrogate 
for hypervolemia. In studies with invasive hemodynamic monitoring, NPs have had 
a positive relationship with pulmonary capillary wedge pressure (PCWP) [ 6 ]. 
However, placement of a pulmonary artery catheter has complications and as such 
is mainly reserved for patients with severe decompensations usually requiring ino-
trope therapy and/or those in undifferentiated shocks. Appropriate management can 
be diffi cult with over-diuresis running the risk of signifi cant electrolyte abnormali-
ties, acute kidney injury, orthostatic hypotension, syncope, and acute renal failure. 
Under-diuresis may lead to non-optimization of volume status prior to discharge 
with subsequent re-hospitalizations and increased cost, hypoxia, or cardiorenal syn-
drome. Thus, a more objective guide to management of fl uid status would be benefi -
cial. NPs may represent subclinical congestion that is diffi cult to assess on exam and 
persistently elevated concentrations may indicate mild hypervolemia. 

 In addition to volume status estimation, NPs also indicate persistent elevation of 
the renin-angiotensin aldosterone system (RAAS). The NPs are in fact the counter- 
regulatory measure to the deleterious overactivation of RAAS in ADHF [ 7 ]. 
Treatment of ADHF decreases NPs, endothelin, and circulating norepinephrine [ 8 ]. 
Therefore, the persistent elevation of the deleterious systems including RAAS and 
catecholamines are also indicated by elevations of NPs during treatment of 
ADHF. Therapies which lower NPs would indirectly indicate down-regulation of 
RAAS. 

 When assessing elevated concentrations of NPs, it is important to note that there 
is no cutoff that is 100 % diagnostic of HF. Alternate etiologies for elevation of NPs 
should always be considered. It should be noticed that heart failure with reduced 
ejection fraction (HFrEF) is known to have greater NP concentrations than in pre-
served ejection fraction (HFpEF). Alternate causes of NP elevation include dys-
rhythmias, cor pulmonale, pulmonary embolism, pulmonary hypertension and 
valvular heart diseases. Furthermore, renal dysfunction may cause higher concen-
trations of NPs and obesity may cause falsely lower concentrations. It is important 
to keep these caveats in mind when interpreting initial NP concentrations and dur-
ing hospitalization when assessing response to therapy.  

    Prognostic Value of NPS 

 Knowledge of which patients admitted with ADHF are at highest risk for future 
adverse events is important in a disease with such morbidity and mortality. The NPs 
have a signifi cant role in prognostication; many believe BNP values have two com-
ponents. One represents the “dry” or euvolemic component, and the other repre-
sents the “wet” or hypervolemic component due to acute congestion. 
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 BNP measured on admission in ADHF is an independent predictor of in-hospital 
and future mortality and cardiovascular events in patients who presented with acute 
heart failure [ 9 – 12 ]. Given its association with reduced left ventricular ejection frac-
tion (LVEF) and worsened NYHA functional status, this is not an unexpected 
 fi nding but important for identifying high risk patients and establish closer follow 
up. Interestingly, NPs measured on discharge from HF hospitalization have been 
increasingly more useful. Multiple studies have demonstrated persistently elevated 
NPs on discharge (absolute and as compared to admission) portend poor outcomes 
[ 13 – 15 ]. Those with pre-discharge BNP less than 350 pg/mL have the lowest inci-
dence of 6 month events [ 14 ] (Fig.  17.2 ). Incorporation of a pre-discharge 
NT-proBNP has also demonstrated similar prognostic ability as BNP [ 15 ]. Whether 
admission, discharge, or change in NP during hospitalization, is the most signifi cant 
prognostic indicator has also been analyzed. The most important indicator in an 
analysis of 7,039 elderly patients with ADHF demonstrated discharge BNP was the 
most important characteristic for predicting 1-year mortality or re-hospitalization 
[ 16 ]. In addition to assessment of decrease prior to discharge, individuals have also 
studied whether an absolute versus percent change of NP has greater prognostic 
value. One study demonstrated that a percent change of NT-proBNP is more impor-
tant for prediction of HF hospitalization-free survival than absolute value [ 15 ] while 
others demonstrated that a lower absolute BNP on discharge is more predictive than 
a percent decrease [ 16 ]. These data provide us the framework for creating an algo-
rithm for how to utilize inpatient NP monitoring for those with ADHF (Fig.  17.3 ). 
Timely prognostic information by serial NP measurements allows clinicians to 
intensify treatment during hospitalization and improve prognosis.
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        Case 1 

 A 63-year-old male with a history of ischemic cardiomyopathy (LVEF 48 %, dry 
BNP 180 pg/mL), chronic kidney disease (baseline serum creatinine 1.5 mg/dL), 
persistent atrial fi brillation (on novel anticoagulant rivaroxaban), presents with 
shortness of breath at rest, 8 lb of weight gain, and leg swelling. His exam is signifi -
cant for elevated jugular venous pressure (14 cm H2O), bibasilar rales, S3 gallop 
and peripheral edema. His labs are unchanged from baseline except for BNP of 
930 pg/mL. 

 The patient was admitted to general cardiology service and started on afterload 
reduction with his home dose of ACE inhibitor, beta blocker, and was diuresed with 
IV bumetanide with appropriate response. Patient’s symptoms and exam fi ndings 
improved on hospital day 2, with a decrease in weight by 3 lb. His BNP on hospital 
day 2 was 860 pg/mL. 

 Patient’s current regimen was continued with mild improvement of signs and 
symptoms of congestion on hospital day 3. Patient was ambulating without symp-
toms and his BNP was 870 pg/mL. 

 Alternate etiologies for persistence of NP elevation were considered which 
included renal failure, pulmonary embolism, and dysrhythmia. There was no sugges-
tion of any of these alternate causes, therefore it was concluded that the patient was 
far from optimization even though his symptoms and exam fi ndings have improved. 
Patient’s medications were reviewed and his beta blocker dose was increased and 
addition of low-dose mineralocorticoid antagonist was initiated given this persis-
tence of BNP elevation. His diuresis was continued and on discharge his BNP had 
decreased to 380 pg/mL with resolution of his initial symptoms and exam fi ndings.  

Admission for acute
decompensated

heart failure

• Check “wet” NP (BNP
 or NT-proBNP) and
 compare with “dry”
 value to assess severity

• Consider alternate
 reasons for elevation,
 renal failure,
 dysrhythmia,
 pulmonary embolism.

• If elevated, up-
 titrate chronic
 medications as
 tolerated and
 consider further
 diuresis

Assess once during
hospitalization or if
change in clinical

course

Measure NP prior to
discharge and

ensure decrease

  Fig. 17.3    Algorithm for inpatient NP use in ADHF       
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    Conclusion 

 The natriuretic peptides have a solidifi ed role in the diagnosis of ADHF in those 
with undifferentiated dyspnea. Their measurement at baseline in those with ADHF 
correlates with degree of HF severity and refl ect long-term prognosis. While active 
treatment of HF ensues, NPs have been shown to downtrend refl ecting improvement 
of hemodynamics and the RAAS system as well. During hospitalization, re-check 
of NP concentration during hospitalization should be considered if a patient’s clini-
cal status is in question. More importantly, NPs should be checked prior to dis-
charge and if a decrease is not observed these patients should be considered highest 
risk for adverse event and aggressive medical up-titration should be considered.     
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    Chapter 18   
 Natriuretic Peptide Guided Therapy 
in Outpatient Heart Failure Management                     

     Matthew     N.     Peters       and     Christopher     R.     deFilippi    

    Abstract     An increased focus on precision outpatient heart failure management has 
the potential to decrease the signifi cant morbidity, mortality and cost associated 
with heart failure hospitalization. Natriuretic peptides represent an objective and 
reproducible surrogate measurement of cardiac function and volume status which is 
widely available in the ambulatory setting. Initial trials using natriuretic peptides to 
guide therapy in ambulatory heart failure patients have shown promise in decreasing 
associated morbidity and mortality, however, have been limited by signifi cant inter- 
study variability in inclusion criteria, threshold natriuretic peptide levels and imple-
mentation of therapeutic intervention.  

  Keywords     Heart failure   •   Ambulatory   •   Outpatient   •   Natriuretic peptides   •   BNP   • 
  NT-proBNP   •   Hospitalization for heart failure   •   All-cause mortality   •   Heart failure 
therapy   •   HFrEF   •   HFpEF  

   Considerable morbidity, mortality and cost are associated with hospitalization for 
heart failure (HF) that extends well beyond the duration of the admission. 
Accordingly a concentrated focus on intervention in the ambulatory setting has 
potentially tremendous therapeutic implications. Evidence based therapies such as 
beta blockers (BB) and renin-angiotensin system inhibitors (RAS) have been repeat-
edly shown to improve HF outcomes. However, it is widely felt that many patients 
are not suffi ciently treated. A likely explanation for the under treatment of HF in the 
outpatient setting is the fact that HF symptoms are often subtle, subjective and 
under-recognized. The natriuretic peptides (NP) B-type natriuretic peptide (BNP) 
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and N-terminal pro-B-type natriuretic peptide (NT-proBNP) represent a sensitive 
and non-invasive surrogate measurement of cardiac function and volume which is 
objective, reproducible and widely available in the outpatient setting. 

    Potential for Intervention 

 The therapeutic benefi t of NP monitoring in the outpatient setting is two-fold. First, 
an interval increase in a serial NP level can be an indication of worsening HF status 
and can identify patients who need increased attention and potentially, intervention. 
Second, NP levels can actually be used to track response to therapy and allow for 
more aggressive up-titration of medications than might be attempted based on 
symptom status despite sub guideline doses of medications.  

    Medication Titration 

 Monitoring of NP levels in HF outpatients affords the ability to individualize ther-
apy or what to now is often referred to as precision medicine. Patients who are at 
high risk for HF complications are targeted to receive higher doses of guideline- 
directed medical therapies (GDMT), many of which are routinely administered at 
lower doses than those studied in clinical trials. Fortunately, many HF therapies 
have been associated with predictable NP responses including a decrease in levels 
with adequate titration of angiotensin converting enzyme inhibitors (ACE-I), angio-
tensin receptor blockers (ARB), mineralocorticoid receptor antagonists (MRA), 
beta blockers (BB) (following an initial transient increase), diuretics (loop and thia-
zide), exercise, effective rate control of atrial arrhythmias and even chronic resyn-
chronization therapy (CRT) [ 1 ]. Consequently, elevated NP levels, in addition to 
demonstrating progressively worsening congestion, may represent inadequacy of 
treatment and fl uctuating patterns may identify patients who are not medically opti-
mized and require enhanced levels of observation. Conversely, patients with low or 
normal NP levels may be potentially weaned down in order to decrease potential 
adverse medication side effects.  

    Clinical Trials: What We Know 

 The fi rst randomized controlled trial to evaluate NP-guided treatment for HF 
was published in 2000 and showed a dramatic benefi t [ 2 ]. Unfortunately subse-
quent randomized control studies have not consistently duplicated this initial 
study and have had widely variable results. The primary reason for the wide 
variation in outcomes has been attributed to the difference in study designs and 
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patient populations. Published randomized clinical trials can be divided into two 
main categories: general HF outpatients and immediate post-discharge HF out-
patients. A summary of the randomized clinical trials with primary clinical out-
comes which have been included in previous meta-analysis is presented in 
Table  18.1 .

      META Analysis 

 Between 2009 and 2014 a total of 4 meta-analyses have been published in an 
attempt to provide NP utilization guidance. The fi rst meta-analysis, in 2009, 
reported on 6 studies covering 1627 patients and demonstrated a 0.69 hazard ratio 
for all-cause mortality [ 12 ]. Limitations of this initial meta-analysis included the 
inclusion of 3 unpublished studies and the lack of any analysis of all-cause or 
HR-related hospitalizations [ 12 ]. A subsequent meta-analysis, published in 2010, 
covered 8 studies and 1726 patients and demonstrated a relative risk of 0.79 for 
all-cause mortality [ 13 ]. The same study found no difference in all-cause hospi-
talization and interestingly found the reduction in all-cause mortality was only 
apparent in patients under age 75 [ 13 ]. A major reported limitation was that the 
decrease in all-cause mortality was apparently driven by the Trial of Intensifi ed 
versus Standard Medical Therapy in Elderly Patients with Congestive Heart 
Failure Trial (TIME-CHF) [ 4 ] without which all statistical signifi cance was 
erased [ 13 ]. 

 In 2013 Savarese published a meta-analysis of 2686 patients in 12 randomized 
clinical trials [ 14 ]. Important fi ndings included signifi cant reductions in all-cause 
mortality (which unlike the fi ndings in the previous Porpakkham, et al. meta- 
analysis, were not solely attributed to one sub-study), HF-related hospitalization 
but not in all-cause hospitalization [ 14 ]. Similar to the previous meta-analysis, 
this study also only showed mortality benefi t in patients younger than 75 years of 
age [ 14 ]. An additional important fi nding in the Savarese study was that the 
reduction in all-cause mortality and HF-related hospitalizations were only found 
with NT-proBNP and not BNP [ 14 ]. Finally, in 2014, an 11 study, 2000 patient 
meta- analysis was performed, which unlike previous meta-analyses used actual 
patient level (as opposed to aggregate) data allowing for more rigorous testing, 
incorporation of standard outcome defi nitions and detailed analysis of individual 
patient characteristics (Fig.  18.1 ) [ 15 ]. This study demonstrated the most con-
vincing evidence for benefi t of NP surveillance -guided therapy to date with a 
nearly 40 % reduction in all-cause mortality and a nearly 20 % reduction in both 
HHF and hospitalization for any cardiovascular disease [ 15 ]. Once again a sig-
nifi cant decrease in all-cause mortality was only seen in patients younger than 75 
[ 15 ]. Importantly, this 2014 meta-analysis demonstrated that ACE-I/ARB were 
the only medication classes to differ between NP-guided and standard of care 
arms and an increase in medications in both arms were similarly associated with 
improved outcomes [ 15 ].
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        Limitations and Pitfalls with Previous Clinical Trials 

    Variation in Clinical Trial Design 

 The large extent of heterogeneity in previous clinical trial results can be mostly 
attributed to a combination of variability in clinical trial design (including differ-
ences in treatment strategies), alternating use of BNP and NT-pro-BNP, inconsistent 
NP cut-off values and differences in inclusion criteria leading to variability in 
patient populations. 

 Two types of interventional strategies have been employed using NP-guided 
therapy: the previously discussed pharmacologic intervention; as well as referral 
intervention such as in the North-Star Adherence Study where patients were referred 
to either specialty clinics or returned to their general practitioner based on NP 
results [ 16 ]. NP-guided pharmacologic therapy trials have enrolled patients begin-
ning in 1997 [ 2 ]. Over the subsequent 20 years there have been concurrent altera-
tions in recommended GDMT based on evolving guidelines for HF therapy 
including continued prevalence of ACE-I/ARB and BB, large increases in MRA and 
CRT therapy and substantial decreases in the use of digoxin. Further discrepancies 
in treatment strategies has been seen in TIME-CHF and Use of PeptideS in Tailoring 
hEart failure Project (UPSTEP) which contained no specifi c algorithm for adjusting 
GDMT which was rather arbitrarily decided by the investigators [ 4 ,  6 ]. 

 Table  18.1  depicts the dramatic variability in NP threshold and cut-off values 
which have been employed to initiate therapy. Not only do the absolute value cut- 
offs differ but some studies use individual percentage change (as opposed to a uni-
versal cut-off value) as threshold for treatment as in the Swedish Intervention study 
guidelines and NT-proBNP AnaLysis in Heart Failure Trial (SIGNAL-HF) where 
intervention was focused on achieving NT-proBNP <50 % of baseline [ 5 ]. It is theo-
rized that many trials utilized conservative NP goals that were too high which trans-
lated to less aggressive intervention in patients who were able to meet their respective 
NP goals while still carrying residual risk associated with insuffi cient HF treatment. 
Evidence behind this theory is supported by the fact that the cohorts of patients in 
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  Fig. 18.1    Kaplan-Meier survival curves for the primary endpoint, overall mortality: ( a ) total 
group; ( b ) (below age 75 (n = 982) and ( c ) 75 years and above (n = 1018) as represented in the 2014 
Troughton, et al. meta-analysis, the most recently published meta-analysis on NP-guided outpa-
tient HF management (From Troughton et al. [ 15 ], with permission)       
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two of the neutral/non-positive result studies (SIGNAL-HF) and Can PRo-brain- 
natriuretic peptide guided therapy of chronic heart failure IMprove heart fAilure 
morbidity and mortality study (PRIMA) who signifi cantly decreased their NP val-
ues (regardless of pre-specifi ed study target value) had substantially better outcomes 
[ 5 ,  11 ]. 

 Not only were varying NP levels utilized to make clinical decisions in various 
studies but both BNP and NT-pro-BNP have been utilized, which based on the evi-
dence presented in several studies, are not interchangeable. In Savarese et al’s 2013 
meta-analysis only NT-proBNP (and not BNP guided therapy) was found to be 
signifi cantly associated with improved survival and reduced hospitlizaiton [ 14 ]. It 
has been hypothesized that NT-proBNP may serve as a better intervention-guided 
biomarker due to its higher circulating levels and enhanced chemical stability [ 14 ].  

    Variability in Patient Population 

 Inter-study variability is also created by differences in inclusion criteria and the 
resulting differences in patient population have a considerable confounding effect. 
In the Porapakkham et al. 2010 meta-analysis it was found that patients <75 years 
of age were much more responsive to NP-directed therapy in comparison to those 
older than 75 [ 13 ]. This fi nding has been hypothesized to be due to less aggressive 
up-titration of ACE/ARB and BB in the elderly population. Support for this hypoth-
esis was provided by Troughton et al’s 2014 meta-analysis (which also demon-
strated dramatically decreased utility of NP guided therapy in the patients over 75) 
whereby ACE/ARB and BB increases were much more prominent in the under 75 
population. 

 An additional confounding factor is the concurrent presence of multiple signifi -
cant comorbidities. While confounding comorbidities have varied, the majority of 
studies have completely excluded many common comorbid conditions in HF includ-
ing acute coronary syndrome previous coronary revascularization, hemodynamic 
instability, signifi cant valvular disease, pulmonary hypertension, candidacy for car-
diac transplant, chronic renal failure, severe hepatic or pulmonary disease and life 
expectancy less than 6 months [ 4 ]. 

 In addition to age and comorbidities, the specifi c types of HF patients included 
may also have a confounding role. Numerous studies have enrolled varying propor-
tions of heart failure with reduced ejection fraction (HFrEF) and heart failure with 
preserved ejection fraction (HFpEF). While HFrEF has been more frequently stud-
ied in comparison to HFpEF, one 2010 study actually showed trends towards worse 
outcomes in HFpEF patients allocated to NT-pro-BNP guided management com-
pared to standard of care [ 8 ]. Hypotheses for the worsened outcome in HFpEF com-
pared HFrEF include the notion that there are no known effective therapies for 
HFrEF and thus increasing medication dosage may be ineffective or even harmful. 
Furthermore, it has been speculated that elevations of NP in HFpEF may be alterna-
tively due to cardiorenal dysfunction as opposed to myocardial stretch as in HFrEF.   
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    Optimization of NP-Guided Therapy and Potential Impact 
on Readmission 

 Important components to optimization of NP-guided therapy include identifi cation 
of patient cohorts at elevated risk for readmission and establishment of appropriate 
time intervals in which to evaluate NP levels. 

 It has been previously demonstrated that NT-pro-NBP variations offer the great-
est diagnostic yield at 2 weeks after a change in therapy [ 17 ]. Unfortunately it has 
been shown that that by post discharge day 7, 32 % of all 30 day readmissions have 
already occurred [ 18 ]. Consequently, waiting a full 2 weeks to evaluate changes in 
NP level may be too late to prevent a large proportion HF readmissions. While more 
frequent screening intervals may not be necessary in the entire HF patient cohort, 
more frequent screening may be warranted in patients with elevated NP levels 
before or shortly after discharge (which have been shown to predict higher rates of 
early readmission). 

    Feasibility and Tolerability 

 In order for NP guided therapy to be truly cost effective costs, of readmission and 
associated decreased morbidity must outweigh elevating costs of medical visits and 
laboratory studies as well any treatment of side-effects related to aggressive up- 
titration of HF medications. Encouragingly, a post-hoc analysis of TIME-CHF dem-
onstrated no differences in withdrawal rate or adverse events between NP-guided 
and clinically guided groups, which importantly included similar incidences of 
worsening renal function and hyperkalemia [ 19 ]. Of similar importance was a sub-
sequent TIME-CHF extended follow-up study extended to 5 years where effects of 
NT-proBNP guided therapy were maintained long after cessation of the intervention 
suggesting that even short-term NT-pro-BNP guided therapy may have long term 
effects [ 20 ]. Additional cost-saving effect may be obtainable if the results found in 
the recent pilot study, Heart Failure Assessment with BNP in the Home (HABIT) 
(which demonstrated enhanced clinical outcomes with NP home monitoring) can be 
duplicated [ 21 ].   

    Future Study 

 Primarily due to the heterogeneity in previously conducted NP-guided studies there 
are currently no NP-guided therapy recommendations endorsed in national and 
international guidelines. The most recent American College of Cardiology/
American Heart Association guidelines for heart failure management give NP 
guided outpatient therapy a level IIb recommendation [ 22 ]. Similarly, the most 
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recent European Society of Cardiology recommendations state that NP assisted 
management of HF patients is still uncertain [ 23 ]. However, both guidelines from 
both organizations endorse a potentially expanded role following publication of 
additional data. 

 Thankfully the ongoing National Heart, Lung and Blood Institute sponsored 
Guiding Evidence Based Therapy Using Biomarker Evidence Based Therapy Using 
Biomarker Intensifi ed Treatment in Heart Failure Trial (GUIDE-IT) has been enroll-
ing patients since 2014 and will hopefully fi ll much of the current knowledge gaps 
[ 1 ]. GUIDE-IT is a prospective randomized, multicenter trial which will seek to 
enroll 1100 high risk HFrEF patients with NT-proBNP level of <1000 pg/mL. Not 
only will the study be the largest for HF biomarker-guided therapy performed to 
date, but it will eliminate potentially confounding HFpEF patients and address the 
effi cacy of an NP guided strategy in adults > 75 years. It is hoped that the study will 
provide an aggressive target NT-proBNP level and substantially reduce the risk for 
under treatment.  

    Conclusions 

 Due to variations in inclusion criteria, treatment strategy and NP cut points no cur-
rent guidelines recommend for the use of serial measurement of NP levels to guide 
titration of therapy. Moving forward, more precise and clinically attainable NP tar-
gets must be defi ned. It is important for serial NP monitoring to be appropriately 
evaluated and utilized in across specifi c age groups, specifi ed systolic function and 
across a wide range of medical comorbidities. While NP-guided therapy has the 
potential to provide signifi cant therapeutic benefi t, it is currently unknown whether 
hypothesized mortally benefi ts from aggressive NP lowering can outweigh potential 
costs of monitoring and associated side effects.     
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    Chapter 19   
 Caveats Using Natriuretic Peptide Levels                     

     Trenton     M.     Gluck     ,     Kevin     Shah     , and     Alan     S.     Maisel     

    Abstract     Acute heart failure is diffi cult to diagnosis by history and physical 
exam alone. B-type natriuretic peptide and N-terminal pro-B-type natriuretic pep-
tide are useful in both the diagnosis and prognosis of heart failure. However, there 
are various clinical situations that can cause elevations and depressions in the 
concentrations of natriuretic peptides. This can make clinical diagnoses very dif-
fi cult, especially in patients with mildly elevated, or “gray zone” levels. 
Understanding the caveats of using natriuretic peptides is essential for predicting, 
diagnosing, and treating heart failure. This chapter discusses the causes of “gray 
zone” natriuretic peptide levels, establishes adjusted cutoffs to be used in patients 
with specifi c comorbidities, and applies the information to the interpretation of a 
case study.  
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   An accurate heart failure (“HF”) diagnosis relies on a number of factors, most 
importantly the clinical assessment done by the evaluating physician. The diagnosis 
of HF is diffi cult, however, due to the non-specifi c clinical presentations and various 
comorbidities commonly associated with HF. B-type natriuretic peptide (BNP) and 
N-terminal pro-B-type natriuretic peptide (NT-proBNP) are important tools for 
diagnosing and prognosticating patients with HF. 

 In order to interpret natriuretic peptide (“NP”) levels, thresholds or “cutoffs” are 
used to help establish or exclude HF in acutely dyspneic patients. Patients being 
investigated for possible acute HF, however, often have comorbidities that reduce 
the diagnostic accuracy of NP cutoffs. These include but are not limited to mild HF, 
ischemia, dysrhythmias, cor pulmonale, obesity, renal dysfunction, age, and gender. 
In this chapter, we discuss the caveats to using NPs in the setting of acute HF, and 
use the available clinical data to establish appropriately adjusted cutoffs. 

    Case Study 

 A 45 year old male with a history of diastolic dysfunction presents to the ED with 
dyspnea on exertion for the past 2 weeks and dyspnea at rest for 1 day. The patient 
is obese with a BMI of 32, and has gained 10 lb since his last primary care checkup 
3 months ago. On evaluation rales and an S3 gallop are heard, but because the 
patient is obese, a JVP cannot be properly estimated. No clear evidence of periph-
eral edema is noted. A chest radiography shows mild interstitial edema. The patient 
has a BNP of 60 pg/ml and an NT-proBNP of 270 pg/ml. His BNP was 20 pg/ml at 
his primary care provider visit 3 months ago. No previous NT-proBNP results are 
available. Given these fi ndings, what would be the best way to interpret and under-
stand these seemingly normal NP levels? The rest of the chapter will explain the 
caveats to using NPs and how to interpret their values within the context of various 
clinical scenarios.  

    Causes of NP Elevation 

    Age and Gender 

 Both BNP and NT-proBNP increase with age. Many factors have been proposed as 
a cause for these elevations including decreased renal function, increased cardiac 
size, hormonal modulation, and age-related subclinical heart diseases, specifi cally 
those that alter ventricular structure and reduce function. Most young and healthy 
individuals have BNP and NT-proBNP levels below 25 and 70 pg/ml, respectively 
[ 1 ]. Therefore the use of single, age-independent cutoffs, while having good diag-
nostic value in younger patients with relatively low values, is not recommended. 
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 While BNP levels indeed increase with age, using a 100 pg/ml cutoff results in 
minimal loss of specifi city in older patients [ 2 ]. However, NT-proBNP age- 
dependent cutoffs are recommended for establishing HF (Table  19.1 ). These cutoffs 
maintain 90 % sensitivities and 84 % specifi cities in HF diagnosis [ 3 ,  4 ]. Additionally, 
an age-independent NT-proBNP value of 300 pg/ml is used for exclusion of HF in 
acutely dyspneic patients [ 3 – 5 ].

   With respect to gender and its effect on NP measurements, BNP and NT-proBNP 
concentrations are higher on average in women than in men, at all ages [ 6 ]. This 
may be caused by a combination of increased estrogen or decreased testosterone 
[ 7 ]. However, the existing NT-proBNP and BNP cut offs are still accurate for HF 
diagnosis in both men and women presenting with acute symptoms.  

    Renal Dysfunction 

 Renal disease is typically seen in about 40 % of patients with HF [ 8 ]. Both BNP and 
NT-proBNP concentrations are elevated in patients with renal dysfunction. Patients 
with chronic kidney disease (“CKD”) generally have higher intravascular volumes, 
reduced renal clearance, and an overactive renin-angiotensin endocrine response. 
All of these factors are thought to contribute to the increase in NPs, but BNP eleva-
tion is most strongly correlated with myocardial structural abnormalities, and indi-
cators of left ventricular (“LV”) overload, independent of the severity of renal 
dysfunction [ 9 ]. Therefore, it is likely that the increased ventricular pressures and 
resulting ventricular stress cause NP elevations seen in these patients. 

 CKD patients are more likely to have intermediately elevated NPs, which can be 
diffi cult to interpret. Often times, CKD patients with mild BNP elevation do not 
have acute HF. However, moderately elevated BNP levels in these patients are 
strong predictors of eventual HF onset [ 10 ]. An increased BNP cut point of 200 pg/
ml should be used to rule out HF in CKD patients, especially for those with severe 
renal dysfunction (GFR < 44 mL/min/1.7 m 2 ). 

 NT-proBNP elevation is strongly correlated to reduced GFR. However, the accu-
racy of NT-proBNP cut offs is not signifi cantly reduced in patients with moderate 
renal dysfunction, and NT-proBNP, like BNP, maintains its prognostic value inde-
pendent of renal dysfunction [ 11 ]. Patients with severe renal dysfunction may ben-
efi t from the use of adjusted NT-pro-BNP cutoffs, however none have been 
established.  

   Table 19.1    NT-proBNP age dependent cutoffs for establishing heart failure in acutely dyspneic 
patients   

 Age  Below 50  50–75  Above 75 

 NT-proBNP (pg/ml)  450  900  1800 

  Data from Januzzi et al. [ 3 ,  4 ]  
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    Acute Coronary Syndrome (“ACS”) 

 BNP is elevated in patients with acute myocardial infarction independent of 
concurrent HF [ 12 ]. The degree of left ventricular dysfunction may be corre-
lated to BNP elevation, as seen in patients with various degrees of renal failure. 
NT-proBNP may also be elevated in acute myocardial infarction and has been 
shown to correlate with cardiac troponin I levels [ 13 ]. Although NPs have no 
role in the diagnosis of ACS, they can help diagnose concomitant HF and are 
excellent prognosticators of 30 day mortality in ACS patients, even in those 
without HF [ 13 ].  

    Pulmonary Disease 

 NPs may be elevated in the setting of pulmonary disease. It may be clinically chal-
lenging to distinguish between HF and a pulmonary etiology in dyspneic patients. 
NP elevation in pulmonary disease is thought to refl ect the level of right ventricular 
strain, as in the cases of pulmonary hypertension and an acute pulmonary embolism 
[ 14 ]. Other primary pulmonary causes of dyspnea (e.g., chronic obstructive pulmo-
nary disease, bronchitis, pneumonia) have lower levels of NPs than in pulmonary 
embolism and pulmonary hypertension. Studies in animal models have shown that 
in response to hypoxia, decreased expression of the NPR-C BNP clearance receptor 
can lead to elevated levels [ 15 ]. 

 Patients suffering from pulmonary disease without HF, however, will only 
have intermediately elevated NPs [ 16 ]. NP rule in cut points are still useful for 
the diagnosis of HF in patients with concomitant pulmonary disease because 
NPs are typically higher in these patients than in those with pulmonary disease 
alone.  

    Increased Cardiac Output Conditions 

 Sepsis, hyperthyroidism, cirrhosis, and other etiologies of elevated cardiac output 
can cause NP elevation. The reason for this elevation is not fully understood, but 
evidence has suggested that underlying myocardial dysfunction and possible infl am-
matory mechanisms are responsible [ 5 ,  17 ]. NPs are only moderately elevated in 
patients with cirrhosis or hyperthyroidism, but patients with severe sepsis and shock 
often have NP levels that are indistinguishable from patients with acute HF. Clinical 
judgement, therefore, is the best tool for differentiating between these patients and 
those with HF.  
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    Atrial Fibrillation 

 NPs are elevated in patients with atrial fi brillation (“AF”). BNP, NT-proBNP, and 
mid regional pro atrial natriuretic peptide (MR-proANP) have reduced diagnostic 
accuracies in the setting of acute HF [ 18 ]. An increased BNP cutoff of 200 pg/ml 
may increase the specifi city of HF diagnosis in AF patients suspected of concomi-
tant HF. While NT-proBNP is elevated in setting of AF, patients with AF and acute 
HF have indistinguishable NT-proBNP levels as compared to HF patients without 
AF. AF patients with HF have signifi cantly higher NT-proBNP levels than in patients 
with AF alone [ 19 ].   

    Causes of NP Depression 

    Obesity 

 In patients who are overweight, and especially those who are obese, it is often very 
diffi cult to perform a physical exam that elucidates the clear clinical manifestations 
of HF. Therefore, it important to understand how to evaluate NPs in the obese 
patient. 

 BNP and NT-proBNP levels are lower in obese patients (body mass index, or 
BMI > 30) in comparison to overweight (BMI 25–29.9) and lean patients (BMI < 25). 
This inverse relationship between elevated BMI and depressed NPs is seen in 
patients both with and without HF [ 20 ]. The cause of lowered NP levels is still 
unknown. Increased expression of the NPR-C receptor in adipocytes may cause 
rapid breakdown and clearance of BNP in obese patients [ 21 ]. However, NT-proBNP, 
which is not believed to bind to the NPR-C receptor, is also depressed in patients 
with elevated BMI [ 22 ]. According to the Dallas Heart Study, BNP and NT-proBNP 
were lower in people with increased BMI, but BNP depression was inversely cor-
related with increased lean body mass, not fat body mass, suggesting another pos-
sible etiology for NP depression [ 22 ]. A number of factors including decreased 
synthesis, hormonal modulation, and increased clearance likely play a role in such 
depression. 

 Adjusted cutoffs should be used when interpreting NPs in dyspneic patients with 
obesity. BNP levels of 170 pg/ml in lean patients, 110 pg/ml in overweight patients, 
and 54 pg/ml in obese patients maintain 90 % sensitivity in ruling out HF [ 20 ]. 
Regardless of BMI, BNP is correlated with the severity of HF symptoms, and it is 
still an excellent predictor of mortality. Despite the slight correlation of decreased 
NT-proBNP levels in patients with increased BMI, adjusted cutoffs have not been 
implemented to compensate for the possible reduction in sensitivity of HF 
diagnosis.  
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    Diastolic Heart Failure 

 Diastolic heart failure, also called heart failure with preserved ejection fraction 
(“HFpEF”) is a common subtype of HF. Up to 50 % of HF patients may have HFpEF, 
and a higher incidence of associated risk factors such as diabetes, obesity, and 
hypertension may be causing this percentage to increase [ 23 ]. Currently, the gold 
standard for diagnosing HFpEF is an echocardiogram that shows the characteristic 
diastolic dysfunction along with signs and symptoms of HF. HFpEF and systolic 
HF, or heart failure with reduced ejection fraction (“HFrEF”), are usually clinically 
indistinguishable. While NPs cannot be used to differentiate between the two HF 
phenotypes, both BNP and NT-proBNP can be elevated to a lesser extent in patients 
with HFpEF compared to those with HFrEF. However, BNP and NT-pro BNP are 
signifi cantly elevated in patients with HFpEF compared to those without HF [ 24 ]. 
Therefore, a BNP cutoff of 100 pg/ml is still accurate at differentiating between 
symptomatic patients with HFpEF and those without HF [ 25 ]. 

 Even though less NT-proBNP elevation may be seen in HFpEF patients com-
pared to those with HFrEF, existing rule in cutoffs retain fairly high sensitivity in 
differentiating between HFpEF and non HF patients. A lower NT-proBNP cutoff of 
120 pg/ml, however, is suggested for excluding HFpEF. NT-proBNP has an added 
prognostic value in HFpEF patients, as the level of NT-proBNP elevation correlates 
to the severity of associated symptoms [ 24 ,  25 ].  

    Other Causes of NP Depression 

 There are a number of comorbidities and conditions that can cause lower NPs in 
patients with acute heart failure. When HF onset occurs rather rapidly as in fl ash 
pulmonary edema, NPs do not have enough time to be upregulated and detected in 
the blood [ 5 ,  26 ]. Causes of fl ash pulmonary edema include acute valvular insuffi -
ciency, coronary ischemia, arrhythmia, and diastolic dysfunction. 

 When the cause of HF occurs upstream of the left ventricle, as in acute mitral 
regurgitation or mitral stenosis, the absence of signifi cant ventricular stress causes 
NPs to remain only moderately elevated [ 27 ]. Patients with cardiac tamponade or 
constrictive pericarditis may have HF symptoms, but normal or only slightly ele-
vated NP levels. The Increased pericardial pressure in these patients prevents the 
myocardium from stretching, which decreases the amount of NPs released [ 5 ,  28 ].   

    The “Gray Zone” 

 Patients presenting with symptoms of acute HF with BNP levels 100–400 pg/ml, 
and NT-proBNP levels in between the previously mentioned rule out cut off (300 pg/
ml) and the age-specifi c rule in values (450, 900, or 1800 pg/ml) are considered to 
be in the “gray zone” (Table  19.2 ). Interpreting gray zone NP levels poses the 
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greatest challenge to correctly diagnosing acute HF. The common comorbidities 
previously discussed can cause NP elevation in patients without HF and NP depres-
sion in those with HF.

   It is important to note that even though gray zone NP levels have reduced diag-
nostic accuracy in the acute setting, patients with elevated gray zone levels have 
poorer outcomes (e.g., reduced mortality, increased hazard) than dyspneic patients 
without elevated NPs [ 29 ]. Patients with gray zone values may have subclinical or 
intermediate HF, cardiac ischemia, severe pulmonary disease, or other diseases that 
cause intermediate NP elevation [ 30 ]. Gray zone NPs, therefore, should not be dis-
carded as a negative result because of their associated prognostic usefulness. 

 Patients with previous histories of HF also can have intermediately elevated NPs. 
After an acute HF exacerbation, hospitalization and treatment do not always return 
NP levels back to normal. Therefore, physicians should interpret NPs in comparison 
to a patient’s individual dry baseline levels, measured when that patient is asymp-
tomatic and euvolemic. BNP or NT-proBNP levels above a patient’s dry baseline 
could be indicative of an acute HF exacerbation [ 5 ].  

    Case Study NP Interpretation 

 Understanding the caveats to using NPs may resolve the case of the 45 year old 
patient with seemingly normal NPs. NP levels are negative according to the stan-
dard cutoffs, BNP < 100 pg/ml and NT-proBNP < 450 pg/ml (for patients less than 
50 years old), which could be misleading (Fig.  19.1 ). Because this patient has a 
BMI > 30, his BNP is actually elevated using the recommended 54 pg/ml obesity 
cutoff. One must also consider that if this patient has HFpEF (which an echocardio-
gram would help determine), his NPs may not be as elevated as they would be in the 
setting of systolic HF. His NT-proBNP is not normal and actually is elevated using 
the recommended HFpEF rule out threshold of 120 pg/ml. Due to the patient’s 

   Table 19.2    Common causes of NP elevation and depression   

 NP elevation  NP depression 

 Low body weight 
 Acute coronary syndrome 
 Renal dysfunction 

 Obesity 
 Flash pulmonary edema 
 Acute mitral regurgitation 

 Dysrhythmias  Mitral stenosis 
 LV dysfunction 
 Obstructive sleep apnea 

 Cardiac tamponade 
 Constrictive pericarditis 

 Acute pulmonary embolism 
 Pulmonary hypertension 
 RV dysfunction 
 Sepsis 

 Young age 
 HFpEF 

 Cirrhosis 
 Cor pulmonale 
 Hyperthyroidism 
 Old age 
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history of HF, it is necessary to compare his current “wet” BNP to the dry BNP 
taken 3 months ago, which is now elevated by 200 %. Accordingly, it would appear 
that his NP levels are indicative of acute HF.

       Conclusion 

 Heart failure is often diffi cult to diagnose clinically, and natriuretic peptides add 
diagnostic and prognostic value to the assessing physician. Knowledge of the vari-
ous caveats to BNP and NT-proBNP interpretation is crucial to ensuring their clini-
cal effi cacy. As seen in the previously described case study, a proper and thorough 
understanding of using natriuretic peptide levels may resolve what appears to be 
discordant and misleading data. Factors such as age, gender, obesity, renal disease, 
ischemia, previous HF, preserved ejection fraction, dysrhythmia, and pulmonary 

Acute dyspnea

Clinical exam, Order NPs, Standard tests

BNP 100-400BNP<100
BNP>400

NT-proBNP<300
NT-proBNP<age “rule

in”
NT-proBNP 300-age “rule in”

“Gray Zone”

HF risk depends on clinical assessment

Are the symptoms, clinical exam, or standard tests consistent with HF?

What are current NPs in comparison to ‘dry’  NPs?

What conditions may be causing altered NP levels?

NT-proBNP “rule in” age cut points: 450 (<50 yrs), 900 (50-75 yrs), 1800 (>75 yrs)
For BMI>30, use BNP<54 for HF exclusion cut point. BNP<200 for HF exclusion in AF.

NT-proBNP<120 for HFpEF exclusion
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Obesity

Flash pulmonary edema
HFpEF

Mitral regurgitation

Make clinical judgement

Low probability of heart failure High probability of heart failure
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Renal dysfunction

Atrial fibrillation (“AF”)
Pulmonary disease
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  Fig. 19.1    An algorithm for evaluating patients with acute dyspnea using BNP and NT-pro 
BNP. Accurate interpretation of NPs depends on knowledge of the common comorbidities and 
clinical situations that cause NP elevation and depression. BNP and NT-proBNP values are mea-
sured in pg/ml       
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disease should determine how to interpret NP cutoffs to avoid false-positives and 
the more harmful false-negatives, especially in patients with “gray zone” levels. 
Natriuretic peptides when used properly in conjunction with appropriate clinical 
judgement will aid in the accurate diagnosis and effective management of heart 
failure.     
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    Chapter 20   
 Gaps in Our Biomarker Armamentarium: 
What Novel Biomarkers Might Be Synergistic 
in Patients with Acute Disease                     

     Bertil     Lindahl     

    Abstract     We have seen dramatic improvements of the acute cardiac care in the last 
20 years, which have led to a substantial reduction in short and long term mortality 
after acute myocardial infarction (AMI) as well as after heart failure (HF) [1, 2]. 
These impressive successes have been achieved mainly by improved treatments but 
also through improved diagnostic methods. During this time period we have got 
access to some very strong new biomarkers, cardiac troponins (cardiac troponin I and 
cardiac troponin I) and natriuretic peptides (BNP and NT-proBNP). Their success 
and widespread use are based upon their excellent diagnostic properties rather than 
their similarly excellent prognostic properties. The introduction and development of 
more and more sensitive cTn assays have revolutionized the diagnosis of AMI.  

  Keywords     Biomarkers in cardiology   •   Novel biomarkers in cardiology   •   Acute 
myocardial infarction and biomarkers   •   Cardiac troponins   •   Heart failure and 
biomarkers  

   We have seen dramatic improvements of the acute cardiac care in the last 20 years, 
which have led to a substantial reduction in short and long term mortality after acute 
myocardial infarction (AMI) as well as after heart failure (HF) [ 1 ,  2 ]. These impres-
sive successes have been achieved mainly by improved treatments but also through 
improved diagnostic methods. During this time period we have got access to some 
very strong new biomarkers, cardiac troponins (cardiac troponin I and cardiac tro-
ponin I) and natriuretic peptides (BNP and NT-proBNP). Their success and wide-
spread use are based upon their excellent diagnostic properties rather than their 
similarly excellent prognostic properties. The introduction and development of 
more and more sensitive cTn assays have revolutionized the diagnosis of AMI. AMI 
can now be ruled-in or ruled-out within a few hours, rather than within a day in the 
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pre-troponin era. Furthermore, in a large proportion of patients previously classifi ed 
as having unstable angina, elevated levels of cardiac troponin can be detected, and 
hence, these patients are now classifi ed as having AMI. Similarly, the natriuretic 
peptides, BNP and NT-proBNP, markers increasing in response to pressure and/or 
volume overload of the heart, have been established as a fi rst line diagnostic test 
both in acute and chronic HF. 

 However, despite these impressive advances, there are many remaining gaps in 
our diagnostic arsenal for acute cardiac patients. Numerous new biomarkers have 
been suggested during the last decades to close these gaps. However, very few of 
those, if any, are in routine clinical use, why is that? The key question for every 
biomarker is: will knowledge of the level of the marker in an individual patient lead 
to a change in the treatment or management of the patient? 

 A biomarker does not exist in isolation; the clinical usefulness of the marker is 
heavily dependent on available therapeutic options. That a marker provides inde-
pendent prognostic (independent of already available risk markers) information is 
important; it tells that the level of the marker refl ects some pathophysiological pro-
cess of importance. However, that is seldom enough for a marker to be clinically 
useful. It must be possible to implement measures, based on the biomarker informa-
tion, that improve the outcome for the patient. Unfortunately, that is seldom the 
case. That is why so many proposed markers in cardiology have failed to reach 
widespread use. It stands in contrast to in oncology where a number of biomarkers 
(mostly genetic markers) are decisive for the selection of adequate treatment 
because they classify the tumors into therapeutically meaningful subgroups [ 3 ]. 

 Another important aspect of biomarkers is that there is a world of difference 
between being able to show statistical differences between disease and non-disease 
at group level, and being able to reliably identify or exclude the disease in an indi-
vidual patient. There is an important difference in thinking between markers for 
diagnostic use and prognostic use. For diagnosis we tend to think in a dichotomous 
way – you either have, or not have the disease; or belong, or not belong to a diag-
nostic subgroup (e.g., ischemic or non-ischemic heart failure). In contrast, for prog-
nosis we think in probabilities, e.g., the risk of dying within 1 year increases from 5 
to 20 %. Many of the “new” biomarkers have been evaluated regarding their prog-
nostic capacity and shown to be prognostic. However, more seldom are the studies 
appropriately designed to be able to show added value above established clinical 
risk markers and biomarkers, nor are proper diagnostic studies or prospective treat-
ment studies stratifi ed on the biomarker results performed. 

    Gaps in Our Biomarker Armamentarium: Patients 
with Suspicion of an Acute Coronary Syndrome 

 With the introduction of more sensitive cTn assays it has become painfully evident for 
clinicians that myocardial injury, and thereby cTn elevation, is present also in many 
acute and chronic conditions other than classical AMI [ 4 ]. Only a small minority of 
patients seeking acute care for symptoms indicative of an acute coronary syndrome 

B. Lindahl



239

will eventually be diagnosed with classical (type 1) AMI. Typically, less than 10 % of 
chest pain patients seen in the emergency department (ED) will have AMI [ 5 ] and in 
this population the positive predictive value for AMI of an elevation of cTn above the 
99th percentile of healthy individuals is less than 50 %. Including also patients with 
other more vague symptoms causing enough suspicion to lead to cardiac troponin 
testing, an even lower proportion will be diagnosed with AMI. Therefore, it is impor-
tant to be able to separate cTn elevation due to acute myocardial injury from cTn 
elevation due to chronic myocardial injury; and cTn elevation due to myocardial isch-
emia from cTn elevation due to non-ischemic causes. Furthermore, it is important to 
distinguish between ischemic myocardial injury caused by a athero-thrombo-embolic 
coronary event (type 1 AMI) from an ischemic myocardial injury secondary to oxy-
gen supply–demand imbalance of other reasons (type 2 AMI) [ 4 ]. 

    Gap 1: Separation of Acute and Chronic Myocardial Injury 
(Case 1) 

 Chronic elevations of cTn, as well as ST-T changes in the ECG, are common among 
patients with stable angina, stable congestive heart failure or atrial fi brillation. 
These patients often visit the emergency department and have cTn measured and 
therefore represent a diagnostic challenge. In one study of stable CAD patients 
without any acute symptoms, as much as 7 % would have been labeled AMI follow-
ing the Universal Defi nition of AMI when diagnostic classifi cation had been based 
on a single cTn result and ECG changes [ 6 ]. The obvious solution is to repeat cTn 
measurements and look for an increase or decrease in cTn levels. However, also 
patients with elevated cTn due to an acute AMI sometimes lack signifi cant changes 
over a 3–6 h period, e.g., late presenters [ 7 ]. Therefore, a biomarker that could tell 
whether the cTn elevation represents an acute injury or a chronic condition would 
be very helpful. Simultaneous elevation of Copeptin and cTn indicates that the dam-
age is acute and has started within the last few hours [ 8 ]. However, the opposite is 
not true, a non-elevated Copeptin level in conjunction with an elevated cTn do not 
exclude an acute injury, especially in cases with small acute AMIs or when the 
injury occurred for more than a few hours ago. Copeptin is therefore of limited 
value for this purpose. In the future, measuring different posttranslational modifi ed 
subforms of cTn may be a way to determine the age of the myocardial injury [ 9 ]. 
Another future possibility may be measurement of single microRNAs or clusters of 
microRNAs (see below).  

    Gap 2: Separation of Acute Myocardial Infarction (=Acute 
Ischemic Injury) from Acute Non-ischemic Myocardial Injury 

 To differentiate myocardial damage and cTn elevation of ischemic from non- 
ischemic origin is a common problem facing clinicians, especially in the 
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emergency department or in the intensive care unit (ICU). cTn is very often ele-
vated in critically ill patients, e.g., studies of patients in the ICU show that the 
majority of the patients will have elevated cTn, although ischemia or a classical 
AMI (type 1) will only be possible to prove in a minority of these cases [ 10 ]. 
However, this problem is also frequent outside the ICU, e.g., myocarditis with an 
atypical presentation, especially when lacking a history of recent viral infection, 
can be very diffi cult to separate in the acute phase from a non-ST elevation myo-
cardial infarction. Cardiac magnetic resonance imaging at a later stage is often 
required to separate the two entities. 

 A reliable marker of myocardial ischemia would also be valuable for identifying 
the remaining, but rare, cases of true unstable angina, i.e., patients with new onset 
of myocardial ischemia at rest or at minimal exertion and without concomitant ele-
vation of cTn. 

 Therefore, a biomarker able to detect myocardial ischemia would be of great 
value to complement measurement of cTn. However, the proposed markers of 
ischemia, have so far been a disappointment. There was great hope around isch-
emia modifi ed albumin (IMA) some 10 years ago, but studies failed to prove 
IMA as a reliable marker of ischemia and IMA is no longer on the market. Since 
microRNAs seem to be involved in the myocardium’s response to ischemia cer-
tain microRNA may emerge as a useful marker of myocardial ischemia in the 
future.  

    Gap 3: Separation of Type 1 AMI from Type 2 AMI (Case 2) 

 In type 1 AMI the ischemia and necrosis are caused by an insufficient blood 
supply due to a primary athero-thrombo-embolic event in the coronary artery 
completely or partially blocking the blood flow. In contrast, in type 2 AMI the 
myocardial ischemia and necrosis arise secondary to a non-coronary, triggering 
factor that provokes an imbalance in the supply and demand of oxygen to the 
myocardium [ 4 ]. In the former case the immediate therapeutic measures are 
focused on restoring and maintaining sufficient blood supply and in the latter 
case the immediate therapeutic measures are focused on removing the trigger-
ing factor causing the imbalance in the supply and demand of oxygen. Type 2 
AMI is not uncommon, especially in more unselected populations. Depending 
on the type of population, the proportion of AMI patients with type-2 AMI var-
ies tremendously in the literature, from 2 to over 30 % [ 11 ]. However, it may be 
very difficult to separate a type 1 and type 2 AMI from each other just from the 
clinical presentation and history. Therefore, it would be of great value to have a 
biomarker able to separate type 1 and 2 AMI already on admission. Possible 
candidates would be markers able to detect the underlying plaque rupture or 
plaque erosion, which will be a formidable challenge given the minimal size of 

B. Lindahl



241

the ruptured plaque. Alternative, and possibly more likely, candidates would be 
markers of the thrombotic process in the coronary artery. However, at present 
the markers of activation of the coagulation system have severe preanalytical 
limitations, are too insensitive or have very large inter individual variability, 
making them not useful for use on individual patients in clinical routine.   

    Gaps in Our Biomarker Armamentarium–Patients 
with Suspected or Verifi ed Heart Failure 

 HF is a heterogeneous syndrome, with many different underlying causes and 
manifests itself in everything from mild unspecifi c symptoms and signs to very 
severe and typical symptoms and signs. Consequently, no single diagnostic test 
provides 100 % accuracy, e.g., natriuretic peptides provide a very high negative 
predictive value, but an only modest positive predictive value for the diagnosis. 
Once diagnosed, etiological considerations include ischemic (post myocardial 
infarction and chronic coronary artery disease) and nonischemic causes (e.g., 
hypertensive, valvular, genetic cardiomyopathies, metabolic, infi ltrative, toxins, 
infectious, arrhythmic, and pericardial). Furthermore, comorbidities such as 
chronic kidney disease or chronic obstructive pulmonary disease are common. 
Obviously, knowing the underlying cause and any signifi cant comorbidity has 
large prognostic and therapeutic consequences. It is therefore important to 
develop new diagnostic methods, and not least new biomarkers, that improve the 
diagnosis of HF, identify underlying causes, enhance risk assessment and guide 
therapy. 

 The natriuretic peptides (discussed in depth in Chaps.   13    ,   14    ,   15    .   16    ,   17    ,   18    , 
  19    ) have gained widespread use the last 15–20 years, and are undoubtedly valu-
able for diagnosis, prognosis and to some extent for guiding therapy. However, 
there are several areas in which additional biomarkers would be valuable. 
Several biomarkers, refl ecting other pathophysiological mechanisms than the 
natriuretic peptides, have been suggested and evaluated, such as Soluble ST2 
(sST2) (Chap.   21    ), Growth differentiation factor (GDF)-15, Mid-regional pro 
adrenomedullin (MR-proADM), Galectin-3 and cardiac troponins (Chaps.   7    ,   8    , 
  9    ). All these markers have been shown to provide prognostic information in 
heart failure patients, in some studies independent of the natriuretic peptides 
and thus, providing additional prognostic information. However, the main limi-
tations of these markers are that no one has shown any clinically meaningful 
added value for diagnosis of heart failure or  selection of heart failure treatment. 
Hence, it is doubtful that these markers will gain widespread clinical use in 
heart failure patients, except cardiac troponins. Cardiac troponins are routinely 
used in patients with suspected acute heart failure to verify or exclude concomi-
tant myocardial infarction or injury. 
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    Gap 1: Heart Failure in Patients with Comorbidities 

 Patients with heart failure often have coexisting diseases that complicate the diag-
nostic process, e.g., the interpretation of the level of BNP or NT-proBNP is diffi cult 
in patients with depressed renal function. Other examples of diagnostic diffi culties 
are patients with known chronic heart failure and chronic obstructive pulmonary 
disease, or with known chronic heart failure and signs of a respiratory infection that 
comes to the ED with worsening symptoms of dyspnea. In these situation multi-
marker approaches probably is the way forward; intelligent combinations of new 
and existing markers.  

    Gap 2: Heart Failure with Reduced Ejection Fraction 
Versus Preserved Ejection Fraction (Case 3) 

 Approximately, half of the heart failure population has heart failure with reduced 
ejection fraction (HFrEF), and the other half has heart failure with preserved 
ejection fraction (HFpEF). However, there is a gender difference; HFpEF is 
more common than HFrEF in women and vice versa in men. Both patients with 
HFpEF and HFrEF still have a poor prognosis, although patients with HFpEF 
have a slightly lower long term mortality compared to HFrEF, hazard ratio 
(95 % confidence interval) 0.86 (0.77-0.97) [ 12 ]. There is a strong evidence 
based foundation for the treatment recommendations in HFrEF. In contrast, 
there is no specific evidence based treatment for HFpEF. Hence, it is clinically 
important to separate these two entities. Furthermore, it may be challenging to 
diagnose heart failure in patients with HFpEF, especially in patients with an 
abnormal relaxation filling pattern in whom the levels of natriuretic peptides 
may be normal. Consequently, a limited utility of natriuretic peptides for the 
detection of mild systolic and diastolic dysfunction was found in a large 
unselected population [ 13 ].  

    Gap 3: Heart Failure of Ischemic Origin Versus Non-ischemic 
Origin (Case 3) 

 Identifi cation of the underlying cause of the heart failure has important therapeuti-
cal consequences. In case of underlying coronary artery disease it is critical to deter-
mine whether there are signs of hibernating myocardium and thus a potentially 
reversible cause of the depressed ventricular function. Heart failure of nonischemic 
origin includes a wide variety of causes such as hypertension, genetic cardiomyopa-
thies, valvular, congenital, metabolic, infi ltrative, infectious, arrhythmic diseases, 
all with different treatment and different prognosis. It can sometimes be diffi cult 
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and cumbersome to identify the cause. However, to make it even more complex, the 
causes of heart failure are not mutually exclusive; not seldom two or more causes 
exist in parallel and it can be very diffi cult to determine their relative importance. 
Therefore, biomarkers capable of identifying specifi c underlying causes would 
potentially be clinically useful.   

    What Novel Biomarkers Might Be Synergistic in Patients 
with Acute Disease 

    The Road to a Clinically Useful and Widely Adopted Biomarker 

 As discussed previously, to be clinically useful a novel biomarker must provide 
information that ultimately improves the management and treatment of the indi-
vidual patient.

•    The new biomarker improves the diagnostic accuracy compared to an already 
established marker or any other diagnostic test, provides the diagnosis faster (if 
time is critical in the decision making process) or provides similar accuracy but 
to lower costs.  

•   The new biomarker makes it possible to diagnose an entity where there currently 
is no useful biomarker or test, or makes it possible to subclassify the disease in a 
clinically meaningful way.  

•   The new biomarker makes it possible to select treatment or monitor treatment 
based on the biomarker levels.  

•   The new biomarker gives prognostic information of such magnitude that it 
directly affects the management of the patient, e.g., identifi es a subgroup of such 
low risk that specifi c treatment can be avoided.    

 In the following a number of biomarkers will be discussed, biomarkers which 
may have the potential to meet any of the above claims. However, it is important 
to stress that all these markers still have a long way to go to prove their clinical 
usefulness. Appropriately sized prospective studies in appropriate populations 
and with robust endpoints and best available gold standards and comparators will 
be needed.  

    Micro RNA 

 MicroRNAs (miRNAs) are small, non-coding, RNA molecules consisting of 
approximately 22 nucleotides. Currently more than 2,500 miRNAs have been 
described in humans. miRNAs act as post-transcriptional regulators of gene expres-
sion and are key regulators of complex biological processes. Since some of the 
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miRNAs are possible to measure in the circulation, they have been investigated as 
novel biomarkers for cardiovascular diseases, especially acute myocardial infarc-
tion and heart failure. The levels of miRNAs in patients are either elevated or 
decreased as compared to in healthy individuals. Measuring clusters of miRNAs, 
instead of single miRNA, identifying characteristic signatures of miRNA might 
increase the diagnostic and prognostic potential. 

 For quantifi cation of miRNA, high throughput sequencing, real time PCR 
(qPCR) or microarrays is used, all time consuming methods not particularly suit-
able for measurements in daily practice. Furthermore, there is a lack of standardized 
protocols and automatized work fl ows. 

 For comprehensive reviews of miRNA in cardiovascular disease see reference 
[ 14 ,  15 ].  

    Acute Myocardial Infarction and Coronary Artery Disease 

 A number of circulating miRNAs have shown promising results for diagnosis of 
AMI in small studies (e.g., miR-1, miR-133a, miR-133b, miR-208a, miR-499, 
miR-499-5p); some studies have suggested that measurement of miRNA may 
allow earlier diagnosis of AMI compared to measurement of cardiac troponins. 
However, in one of the few larger clinical studies [ 16 ], none of the six evaluated 
miRNAs was able to out-perform, or add to, cardiac troponin. Other small stud-
ies have suggested that signatures of circulating miRNAs might be useful for 
separating patients with unstable angina from patients with stable angina pecto-
ris. Maybe of potentially more importance is that a number of miRNAs has been 
linked to a diagnosis of coronary artery disease, a condition where we currently 
lack useful biomarkers. However, these initial results need to be verifi ed in 
larger studies. 

    Heart Failure 

 An increasing number of miRNAs have been shown to exhibit altered circulating 
levels in the peripheral blood of patients with heart failure (e.g., miR-122, miR-
210, miR-423-5p, miR-499 and miR-622). Particularly interesting is the possibil-
ity to subclassify heart failure patients according to underlying etiology. The 
expression of miRNA is a highly dynamic process; with different expression of 
miRNAs in different stages of the conditions leading to HF. Furthermore, differ-
ent expression of miRNAs have been related to HF-associated pathologies, such 
as hypertrophy, hypertrophic cardiomyopathy, dilated cardiomyopathy and isch-
emic cardiomyopathy. Consequently, some small studies have verifi ed different 
expression of miRNAs in patients suffering from heart failure of ischemic and 
nonischemic origin. In addition several miRNAs have shown potential as prog-
nostic indicators. 
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 However, the evaluation of miRNAs as clinically useful biomarkers in acute 
coronary syndromes/coronary artery disease as well in heart failure is still in its 
infancy; larger and appropriately designed trials are required to establish whether 
current candidates provide additional benefi t, over and above those of existing bio-
markers. Furthermore, to be clinically useful substantial technological development 
are required to enable rapid, reliable and reproducible results for the absolute quan-
tifi cation of circulating miRNAs.   

    Metabolomics 

 Metabolomics is a term used to describe the measurement of multiple small- 
molecule metabolites in biological specimens. The Human Metabolome Database 
contains to date over 41,000 metabolites (  http://www.hmdb.ca/    ). Metabolites repre-
sent the end-products of multiple reactions and interactions in biological processes. 
Therefore, determination of metabolites may allow an integrated and dynamic mea-
surement of phenotype and medical condition. 

 Although there is an increasing interest in metabolomics profi ling for identifi ca-
tion of novel biomarkers or signatures of biomarkers in cardiovascular diseases, 
metabolomics profi ling may have its largest potential for identifi cation of novel 
disease mechanisms. 

 Metabolomic profi ling is most often performed with either nuclear magnetic 
resonance or mass spectrometry in combination with liquid chromatography or gas 
chromatography. Nuclear magnetic resonance is a simpler technique not requiring 
chemical manipulation of samples when working with biological fl uids, while mass 
spectrometry offers a much better sensitivity. For comprehensive reviews of metab-
olomics in cardiovascular disease see references [ 17 – 19 ].  

    Acute Myocardial Ischemia and Coronary Artery Disease 

 Since it is well known that acute restrictions of coronary fl ow induce dramatic and 
immediate shifts in cardiac metabolism there are hopes that it will be possible to 
diagnose cardiac ischemia by metabolomics profi ling. In a small study, 32 metabo-
lites measured in serum showed dynamic changes after ischemia, of which four 
(Creatine, Glucose + taurine, Lactate and Triglycerides) displayed statistical signifi -
cant differences 2 h after the induction of myocardial ischemia [ 20 ]. When testing 
this biosignature based on the 32 metabolites, on patients with acute chest pain, it 
was possible to reliably discriminate patients with myocardial ischemia from those 
with non-coronary ischemic chest pain. However, these results need to be confi rmed 
in much larger studies. Other studies have shown a strong association of arginine 
and its downstream metabolites ornithine and citrulline with coronary artery disease 
and with future adverse cardiovascular events. 
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    Heart Failure 

 Heart failure is associated with metabolic dysfunction. Therefore, metabolomics has 
been applied to studies of heart failure to discover valuable biomarkers. The studies 
so far are small and relatively few; and have reported a diverse array of molecular 
profi les, perhaps refl ecting the heterogeneous nature of the heart failure syndrome, 
but also differences in selection of patients, study design, assays used, and statistical 
methodology. A recent study identifi ed a cluster of 4 metabolites (histidine, phenyl-
alanine, spermidine, and phosphatidylcholine C34:4) that separated stage C HF 
patients from healthy control subjects. The discriminatory ability of this combina-
tion was similar to that of B-type natriuretic peptide alone. A different combination 
of 4 metabolite parameters (dimethylarginine/arginine ratio, spermidine, butyrylcar-
nitine, and total essential amino acids) was associated with outcome after 1.3 years, 
and classifi ed patients according to risk better than B-type natriuretic peptide [ 21 ].   

    Protein Markers 

 Several new protein markers of interest for diagnosis or prognosis in acute myocar-
dial infarction or heart failure are described elsewhere in this book, e.g., Copeptin, 
ST2, and Galactin 3. 

 Growth Differentiation Factor 15 (GDF-15) is an additional marker of potential 
interest that has been evaluated extensively in recent years [ 22 ,  23 ]. GDF-15 is a 
member of the transforming growth factor β superfamily; it is also known as mac-
rophage inhibitory cytokine-1, placental transforming growth factor-beta, gene pla-
cental bone morphogenic protein, prostate-derived factor, NSAID-activated gene 1, 
and placental transforming growth factor Beta. GDF-15 is expressed in virtually all 
tissues. The exact biological functions of GDF-15 are still poorly understood, how-
ever, its expression is up-regulated with many different pathological conditions 
including infl ammation, cancer, cardiovascular diseases, pulmonary disease and 
renal disease. 

 Owing to the lack of tissue specifi city, GDF-15 has a limited potential as a diag-
nostic marker. However, GDF-15 has been shown to be a strong and independent 
predictor of mortality and disease progression in patients with established disease 
such as acute coronary syndromes, angina pectoris, heart failure, stroke, chronic 
kidney disease, and different types of cancer. Also in community-dwellers, higher 
concentrations of GDF-15 have been associated with increased cardiovascular as 
well as non-cardiovascular mortality, and development and progression of a broad 
range of diseases including coronary artery disease and heart failure. Especially for 
prediction of mortality, GDF-15 has emerged as one of the strongest biomarker 
(“death marker”). There is however, no strong support so far that GDF-15 is useful 
for selection of specifi c treatment or for monitoring of treatment effects in cardio-
vascular diseases.   
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    Concluding Remarks 

 The biomarker research is a rapidly evolving fi eld and it is hard to predict exactly 
where the next break through will occur in cardiovascular diseases. However, undoubt-
edly we will get new useful biomarkers in our diagnostic and prognostic arsenal 
within the next few years. The more biomarkers we get, the more important it becomes 
for the diagnosing physician to use them properly and interpret the results wisely. 
Therefore, it will be very important that adequate training in using and interpreting of 
new biomarkers are conducted in parallel with the introduction of the markers.  

    Case 1 

 A woman, 84 years of age, with paroxysmal atrial fi brillation, congestive heart fail-
ure, renal dysfunction and chronic back pain, was admitted due to a new episode of 
atrial fi brillation and chest discomfort, but no typical ischemic chest pain. She has 
previously been hospitalized with an AMI 5 years ago and an episode of atrial fi bril-
lation and worsening of heart failure 3 years ago. 

 On admission she had an oxygen saturation of 95 % on O 2  2 L/min, had no 
peripheral oedema, a blood pressure of 165/105 mmHg and a heart rate of 110 
beats/min. The ECG showed atrial fi brillation, minor unspecifi c lateral ST-depression 
and was otherwise unchanged compared to previous recordings. Laboratory values 
on admission: cTnI 0.15 μg/L (Upper reference limit 0.022 μg/L); Hb 118 g/L, 
Creatinine 277 μmol/L. 

  Clinically relevant questions for the emergency physican: Is the elevation of tro-
ponin I caused by an acute ischemic event, e.g., a type 1 or type 2 AMI? Or is the 
elevation of troponin I expression of a chronic condition that causes a constant rise 
of troponin, like CHF and atrial fi brillation, or just high age? Does the elevation of 
troponin prompt any specifi c treatment?  

 The patient was given extra medication temporarily to control the heart rate. Sinus 
rhythm was restored spontaneously within a few hours and the chest discomfort 
disappeared. cTnI after 3 and 9 h were 0.19 and 0.14 μg/L, respectively. The patient’s 
medical records revealed that the corresponding cTnI values during the previous 
hospitalization for atrial fi brillation and heart failures were 0.24, 0.22 and 0.19 μg/L. 

 The cTnI levels were interpreted as chronic elevation of cTnI in an elderly 
patient with atrial fi brillation, CHF and renal dysfunction and not as expression of 
an AMI. Therefore, no coronary angiogram was performed. She was discharged in 
her habitual state and with unchanged medication after a couple of days to her 
home. 

  A biomarker able to detect already on admission, ongoing ischemia or to sepa-
rate acutely released cardiac troponin from cardiac troponin chronically released 
would be helpful in this situation for the immediate management of the patient.   
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    Case 2 

 A man, 75 years of age, with known hypertension and diabetes mellitus, was admit-
ted due to 1 h of chest pain, dyspnea and palpitations. On admission he had no 
peripheral oedema, a blood pressure of 140/60 mmHg and a heart rate of 150 beats/
min. The ECG showed atrial fi brillation and ST segment depression in inferior and 
lateral leads. On admission cTnI was 0.02 (upper reference limit 0.022 μg/L), 
Creatinine 85 μmol/L and Hb 139 g/L. 

  Clinically relevant questions for the emergency physician: Has the patient ongo-
ing ischemia? In case of ischemia, is it a type 1 or a type 2 AMI? Is there an indica-
tion of acute or subacute coronary angiography?  

 Cardiac TnI values after 6 and 24 h were 1.9 and 7.8 μg/L, respectively. After 
restoring sinus rhythm the patient was without symptoms. A coronary angiogram 
performed day three showed minor atherosclerotic changes in proximal and mid 
LAD and RCA, and a stenosis of around 50 % in LCX. No PCI was attempted. 
Warfarin was added to the previous medication for hypertension and diabetes mel-
litus and the patient was discharged home. Interpretation: Type 2 AMI in a man with 
moderate coronary artery disease but no culprit lesion, in which the acute ischemia 
was triggered by an episode of rapid atrial fi brillation. 

  In this patient biomarkers capable of detecting ischemia and to early differenti-
ate between type 1 and type 2 AMI, respectively, would have been valuable for 
the further management, e.g., for determining the need and timing of coronary 
angiography.   

    Case 3 

 A woman, 60 years of age, with chronic treatment with warfarin due to repeated 
episodes of deep venous thrombosis, was examined at the outpatient clinic because 
of episodes of chest pain and palpitations, and dyspnea. The chest pain and dyspnea 
occur at moderate exertion. The examination showed no dyspnea at rest; no oedema; 
heart rate 80, ordinary fi rst and second heart sound, a systolic murmur grade 2 with 
maximum in I3 sinister; blood pressure 110/60; no pulmonary crepitations. ECG 
showed sinus rhythm, supra ventricular ectopic beats, no Q wave or ischemic ST-T 
changes. Laboratory values: NT-proBNP 3790 ng/L, cardiac troponin I, potassium, 
sodium and creatinine within normal limits. Chest X-ray showed minor to moder-
ate amount of pleural effusion and minor signs of interstitial pulmonary oedema. 

  The condition was interpreted as heart failure, possibly on the basis of ischemic 
heart disease. The patient was referred for echocardiography and myocardial 
scintigraphy.  

 The myocardial scintigraphy showed moderately reduced working capacity and 
chest pain during exercise that slowly vanished at rest. No signifi cantly reduced myo-
cardial uptake of the isotope, neither at rest nor during exercise. The left ventricular 
had normal size and a calculated ejection fraction of 62 %. Echocardiography showed 
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also normal ejection fraction but clear signs of diastolic dysfunction and moderate 
pulmonary hypertension. No evidence of signifi cant valvular engagement. 

  The condition was interpreted as heart failure with preserved ejection fraction 
(HFpEF), ischemic heart disease or hypertension unlikely causes. Despite medication 
the patient showed progression of the symptoms and with continuously highly elevated 
NT-proBNP values. The patient was referred for further investigation with right sided 
catheterization including myocardial biopsy.  

 The right sided catheterization showed a picture consistent with restrictive car-
diomyopathy and secondary pulmonary hypertension. The biopsy verifi ed cardiac 
amyloidosis. The patient was treated with autologous stem cell transplantation.     
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    Chapter 21   
 Biomarkers in Heart Failure: ST2                     

     Antoni     Bayes-Genis       and     Josep     Lupón    

    Abstract     Biomarkers have emerged as indispensable tools for diagnosis and prog-
nosis in a variety of cardiovascular diseases, and several are now considered standard 
of care. New markers are constantly being developed, but very few are able to signifi -
cantly improve upon already-established markers. ST2 is a marker of cardiomyocyte 
stress and fi brosis which provides incremental value to natriuretic peptides for risk 
stratifi cation in heart failure. Based upon the totality of data, measurement of ST2 is 
now recommended for additive risk stratifi cation in patients with acute or ambulatory 
heart failure in the 2013 ACCF/AHA Guidelines. Looking forward, ST2 levels may 
be useful for tailoring medical therapy and to predict ventricular reverse remodeling. 
This chapter provides an up-to-date overview of ST2 as a marker of heart failure, and 
provides illustrative clinical cases into the application of ST2 now and in the future.  

  Keywords     ST2 biomarker   •   Biomarker ST2   •   Cardiomyocyte stress and fi brosis   • 
  Risk prediction in chronic heart failure   •   Biomarkers in heart failure   •   Heart failure 
biomarkers  

   Biomarkers have an established role in aiding with diagnosis and prognosis in a 
number of cardiovascular diseases. Natriuretic peptides in particular have evolved 
over the past 10 years to become part of the standard of care for evaluating heart 
failure (HF) patients in both acute and ambulatory settings. Despite the 
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well-documented successes and strengths of natriuretic peptides, there is plenty of 
room for improvement in the way we evaluate and risk-stratify patients with or at 
risk for HF. Although a large number of candidate biomarkers have been evaluated 
to help fi ll this gap, few have survived the rigorous studies that are a prerequisite to 
translation into the clinical realm. ST2 is a biomarker that has successfully navi-
gated this course and is recently emerging as a bona fi de tool for patient care. 

 ST2 is a member of the interleukin-1 receptor-like family of proteins. Through 
alternative splicing ST2 is found in multiple isoforms, including a transmembrane 
form (ST2 ligand, or ST2L) and a soluble form (sST2) [ 1 ]. In response to mechani-
cal stress, cardiomyocytes and fi broblasts express both ST2L and sST2. Both iso-
forms of ST2 bind to interleukin-33 (IL-33), which is also induced by cellular 
stretch and is thought to protect against myocardial fi brosis, left ventricular hyper-
trophy and adverse cardiovascular remodeling in pressure-overload states. Soluble 
ST2, which is the isoform measured by current assays, is thought to act as a decoy 
receptor for IL-33. The presence of high levels of sST2 blocks the favorable effects 
of IL-33 by limiting activation of the cascade triggered by the IL-33/ST2L interac-
tion. Higher levels of sST2 (hereafter referred to simply as “ST2”) are associated 
with increased myocardial fi brosis, adverse cardiac remodeling, and worse cardio-
vascular outcomes [ 1 ]. 

 Measurement of ST2 is accomplished via an enzyme-linked immunosorbent 
assay (ELISA). Only the Presage assay (Critical Diagnostics ® ) is FDA cleared and 
CE marked. The Presage assay has good precision (coeffi cient of variation <5 %) 
even at very low analyte concentrations, as well as high  in vitro  stability [ 2 ]. With 
this assay, ST2 levels are now detectable in 100 % of the population. ST2 levels 
appear to be stable over the long-term in frozen samples. Levels of ST2 are not 
signifi cantly associated with body mass index, and seem to have a weaker associa-
tion with age and renal insuffi ciency compared to the natriuretic peptides [ 3 ]. The 
upper reference limit for the Presage ST2 assay is 35 ng/mL (the recommended 
cut-point for risk stratifi cation in chronic HF), and 95 % of normal individuals have 
levels below this threshold. A recent study evaluating the biological variation of 
ST2 and other cardiovascular biomarkers found that the long-term intra-individual 
variation for ST2 was only 11 %, considerably lower than that of the natriuretic 
peptides (33–50 %) [ 4 ]. This low biological variation suggests that ST2 may be a 
useful marker to follow serially to guide therapy. 

    ST2 in Assessing Heart Failure Risk 

 The recent 2013 AHA/ACC Guidelines for the Management of Heart Failure give a 
class IIb recommendation for the measurement of ST2 in acute or ambulatory HF 
patients, noting that ST2 is not only predictive of hospitalization and death in 
patients with HF, but is also additive to the natriuretic peptides in its prognostic 
value [ 5 ]. 
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    Acute Heart Failure 

 In the setting of acute HF, ST2 levels rise and provide important prognostic infor-
mation, though they are not recommended for use in diagnosing HF. One of the 
earliest studies to establish this was the PRIDE study, which evaluated 593 
patients who presented to the Emergency Department (ED) with acute shortness 
of breath [ 6 ]. The authors found that patients diagnosed with acute HF had higher 
ST2 levels compared to those whose dyspnea was due to some other cause. In 
addition, ST2 levels were higher in those with more advanced HF symptoms 
based upon the New York Heart Association (NYHA) classifi cation. For ST2 con-
centrations above the median there was a graded relationship between decile of 
ST2 and risk of 1-year mortality; patients in the highest decile of ST2 concentra-
tion were at particularly high risk, with a 1 year mortality rate exceeding 40 %. In 
multivariable analyses, ST2 levels were strongly associated with risk of death at 1 
year, even after adjusting for natriuretic peptide levels. More recently, a 5-center 
cohort study of acutely dyspneic patients in the ED found that ST2 but not 
NT-proBNP was associated with 1 year mortality after multivariable analysis, and 
this was also true among the subset of 200 patients with normal systolic function 
[ 7 ]. This was consistent with another study, which found that ST2 levels appear to 
be equally predictive among HF patients with preserved and reduced systolic 
function.  

    Clinical Case 1 

 Male patient, 75 years old, with a long history of past smoking habit, until 2 years 
ago. History of hypertension, dyslipidemia, and diabetes mellitus. The patient has 
suffered an anterior acute myocardial infarction in December 2013. Coronary angi-
ography showed 80 % stenosis in left main coronary artery and 50 % in right coro-
nary artery. A drug-eluting stent was placed in left main coronary artery. The 
echocardiography showed a LVEF of 33 %. He was on treatment with ASA 100 mg, 
clopidogrel 75 mg, carvedilol 12.5 mg bid, enalapril 5 mg bid and atorvastatin 
10 mg. 

 He was admitted 2 months later due to acute pulmonary edema. Admission BP 
149/84 mmHg, HR 106 bpm, and O 2  saturation 91 %. EKG: transient atrial fi brilla-
tion; no ischemic changes (Fig  21.1a, b ).

   Echocardiography showed: LVEF 34 %, LVEDD 65 mm, LVESD 54 mm. 
Coronary angiography displayed stent without stenoses and absence of new coro-
nary lesions. 

 With i.v. diuretics and vasodilators the patient had a good in-hospital clinical 
course. 

 Admission biomarker levels: ST2 157 ng/mL, NT-proBNP 28100 ng/L 
 Discharge biomarker levels: ST2 22 ng/mL, NT-proBNP 3170 ng/L 
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 Discharge treatment: ASA 100 mg, warfarin, carvedilol 12.5 mg bid, enalapril 
10 mg bid, eplerenone 25 mg, furosemide 40 and atorvastatin 40 mg. 

    Outcome 

 No HF readmissions or death during 1 year follow-up.  

    Comment 

 Patient with severe acute heart failure with very high levels of ST2 and 
NT-proBNP. Good early clinical course long with dramatic decrease of biomarker 
levels, both ST2 and NT-proBNP (Δ ST2 -86 % and Δ NT-proBNP -89 %). However, 
discharge levels of NT-proBNP were still signifi cantly high. In contrast, ST2 levels 
fell below the recommended levels for stability (35 ng/mL). Despite the high 
NT-proBNP discharge levels, 1-year outcome was good.   

    Clinical Case 2 

 Male patient, 70 years old, non-smoker, obese (BMI 30 Kg/m 2 ). History of hyper-
tension, dyslipemia, diabetes mellitus, COPD, and chronic anemia. Aortic valve 
replacement in the year 2000 because of aortic stenosis. Due to post-operative AV 
block, a pacemaker was implanted. In March 2013 he was admitted for acute 
decompensated HF. Echocardiography revealed LVEF 24 % with norm functioning 
aortic prosthesis. Upgrade to CRT was performed. The patient was on treatment 
with warfarin, furosemide 40 mg, carvedilol 25 mg bid, enalarpril 10 mg bid, bron-
chodilators, fl uvastatin 80 mg. 

a b

  Fig. 21.1    Patient from case 1. ( a ) Admission X-ray. ( b ) Discharge X-ray       
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 November 3rd 2013 he was admitted due to increased fatigue and right HF signs. 
Admission BP 131/78 mmHg, HR 70 bpm, and O 2  saturation 93 %. 

 Echocardiography showed LVEF 34 %, LVEDD 57 mm, LVESD 43 mm. Aortic 
prosthesis OK. PAP 35 mmHg. A coronary angiography was performed, that showed 
abnormal LAD origin from right coronary sinus, without signifi cant stenosis 
(Fig.  21.2a, b ). In-hospital course was favorable and discharged at day 6.

   Admission biomarker levels: ST2 52 ng/mL, NT-proBNP 999 ng/L. 
 Discharge biomarker levels: ST2 60 ng/mL, NT-proBNP 515 ng/L 
 Discharge treatment: warfarin, furosemide 40 mg bid, carvedilol 25 mg bid, 

enalarpril 10 mg bid, eplerenone 25 mg, bronchodilators, fl uvastatin 80 mg. 

    Outcome 

 The patient suffered a new HF readmission after 80 days and died during hospital-
ization (Fig.  21.2c ).  

a

c

b

  Fig. 21.2    Patient from case 2. ( a ) Admission X-ray. ( b ) Discharge X-ray. ( c ) Readmission x-ray       
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    Comment 

 Despite an initial favorable clinical course and also a favorable change in NT-proBNP 
levels (Δ –48 %) during the November 2013 admission, changes in ST2 levels dur-
ing the last admission were not satisfactory (+15 %), remaining discharge ST2 lev-
els above the recommended levels for stability (35 ng/mL). The persistence of high 
ST2 levels is a powerful predictor of increased risk of readmission and death.   

    Chronic Heart Failure 

 Consistent with the data in acute HF, studies in ambulatory HF patients have dem-
onstrated the prognostic ability of ST2 across a wide range of cohorts. One large 
study of 891 outpatients demonstrated that ST2 provides incremental prognostic 
value to established HF mortality risk factors plus natriuretic peptides, with a 
signifi cant improvement in reclassifi cation and discrimination [ 8 ]. Other studies 
of ambulatory HF populations have found that ST2 levels are associated with 
functional capacity, and with both HF hospitalization and any cardiovascular 
hospitalization. 

 In a multicenter study of 1141 chronic heart failure patients, ST2 and NT-proBNP 
were compared with the Seattle Heart Failure Model (SHFM) for prediction of 
death or cardiac transplantation at 1 year. The combination of ST2 and NT-proBNP 
had similar risk discrimination as the SHFM. Although adding these biomarkers to 
the SHFM did not further improve risk discrimination, it did signifi cantly improve 
risk classifi cation [ 9 ]. There was a suggestion that ST2 levels were even more pre-
dictive of risk in patients with HF of non-ischemic etiology, compared to those with 
ischemic HF.  

    Clinical Case 3 

 Ambulatory female 75 years old. History of hypertension, diabetes mellitus, chronic 
kidney disease (creatinine 2.5 mg/dl) and iron defi ciency-related anemia. Known 
atrial fi brillation since 2012 fi rst diagnosis of dilated cardiomyopathy in December 
2013: LVEF 35 %, moderate-severe mitral regurgitation and pulmonary artery pres-
sure of 75 mmHg. Normal coronary angiography. The patient refused surgery. 
Treatment: warfarin, furosemide 40 mg bid, enalapril 5 mg bid, spironolactone 
50 mg, oral iron supplements. 

 She was fi rst attended at our HF Clinic in January 2015. Clinical examination 
showed mild hypotension (BP 95/60 mmHg), right HF signs, mild hepatomegaly 
and mild leg edema. EKG: Atrial fi brillation; no LBBB. Echocardiography showed 
LVEF 20 %, LVEDD 64 mm, LVESD 53 mm, severe mitral regurgitation, PAP 
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67 mmHg, e/e’ 22, TAPSE 7 mm (Fig.  21.3 ). Now surgery was rejected by the 
heart team.

   Biomarker levels: ST2 120 ng/mL, NT-proBNP 18,900 ng/L, eGFR 18 ml/
min/1.73 m 2 . 

 Digoxin 0.25 mg and spironolactone 12.5 mg od with careful supervision of 
renal function and K levels and low doses of carvedilol (3.125 mg bid) were added 
to the treatment, and fl exible furosemide regimen was instituted. Intravenous Iron 
was administered. 

    Outcome 

 Despite close follow-up and treatment adjustments the patient died due to pump 
failure 6 months after her fi rst visit to the HF Clinic.  

    Comment 

 This was an end-stage patient with poor prognosis. Biomarker levels were very 
highly elevated both NT-proBNP and ST2. However levels of NT-proBNP were 
disproportionally high due to severe renal dysfunction, hampering its interpretation. 
In contrast, ST2 levels are not signifi cantly affected by renal function; 120 ng/mL is 
known to carry ominous prognosis in an ambulatory patient.   

  Fig. 21.3    Patient from case 3. First visit thorax X-ray       
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    Multimarker Approach in Chronic HF 

 There has recently been an interest in multimarker strategies to examine panels of 
biomarkers that assess different pathophysiologic pathways. A report from the 
Pennsylvania Heart Failure Model (PHFM) tested the hypothesis that a group of 
seven biomarkers, each refl ecting a different pathophysiologic pathway, could be 
combined into a multimarker score that would predict the risk of an adverse out-
come, defi ned as death, cardiac transplantation or placement of a ventricular assist 
device [ 10 ]. Each of these seven biomarkers and their pathways were reported to 
be independently associated with the combined outcome. These biomarkers were: 
B-type natriuretic peptide (BNP; myocardial stretch), soluble fms-like tyrosine 
kinase receptor (vascular remodeling), high-sensitivity C-reactive protein (hsCRP; 
infl ammation), ST2 (myocardial fi brosis-stretch), cardiac troponin I (cTnI; myo-
cyte injury), uric acid (oxidative stress) and creatinine (renal function). The com-
bined multimarker integer score provided an excellent assessment of risk with the 
hazard ratios of the intermediate- and high-risk tertiles (adjusted for clinical risk 
factors) signifi cantly elevated to 3.5 and 6.8, respectively, compared with that of 
the lowest risk tertile. More recently, Lupón and colleagues investigated the value 
of combining NT-proBNP (myocardial stretch), highly sensitive cardiac troponin 
T (hsTnT; myocyte injury) and ST2 (myocardial fi brosis/strain) in a large, real-
life cohort of 876 ambulatory patients with HF [ 11 ]. Overall, this study found that 
the three biomarkers were independently associated with all-cause mortality, 
although the combination of hsTnT plus ST2 performed better than the combina-
tion of all three added biomarkers (NT-proBNP + hs-cTnT + ST2). Additionally, 
the authors developed a web-based calculator, the Barcelona Bio-HF calculator 
that for the fi rst time includes these three novel biomarkers, refl ective of different 
pathophysiological pathways, on top of well-established clinical, echocardio-
graphic and treatment variables for risk stratifi cation [ 12 ]. In cross-validation 
studies, the average c-statistic of the new calculator was 0.79, which compared 
favorably to other models. The Barcelona Bio-HF calculator (  www.BCN
biohfcalculator.org    ) has the potential to provide risk assessment that is uniquely 
tailored to individual patients.  

    Clinical Case 4 

 Male, 68 years old, in NYHA functional III. LVEF 30 %. Routine blood test: hemo-
globin 12 g/dl, sodium 130, eGFR 45 ml/min/1.73 m 2 . Treatment: furosemide 
60 mg, betablockers, ACEI and statins. 

 Using the Barcelona-Bio-HF risk calculator (  www.bcnbiohfcalculator.org    ) the 
risk of death within the following 3 years for this patient based on clinical data + treat-
ment is: 22 % at 1 year, 42 % at 2 years and 60 % at 3 years; and the life expectancy 
is 3 years. 

 Figure  21.4a  shows the web-page of the biocalculator with clinical and treatment 
data. Risk of death at 1-2- and 3-years is depicted in the right panel (top). In the 
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middle the prediction over time is shown in a graphical area (blue line). Life expec-
tancy is depicted at the bottom.

   If we incorporate data on 3 biomarkers such as NT-proBNP, high-sensitivity tro-
ponin T (hs-TnT) and ST2, the prognosis signifi cantly varies whether a “benign” or 
an “adverse” biomarker profi le is drawn. 

    Benign Biomarker Profi le 

 NT-proBNP 1000 ng/L, hs-TnT 14 ng/L and ST2 34 ng/mL. The risk of death 
within the next 3 years falls signifi cantly and life expectancy doubles (Fig.  21.4b ). 
In the graphical area two survival curves are depicted in different colors: blue for the 
prediction with clinical + treatment alone and red for the model containing 
biomarkers.  

    Adverse Biomarker Profi le 

 NT-proBNP 5000 ng/L, hs-TnT 80 ng/L, and ST2 120 ng/mL. The risk of death 
within the next 3 years increases very signifi cantly and life expectancy decreases, 
(Fig  21.4c ). Again differences in survival curves underline the prognostic impor-
tance of biomarkers:  

  Fig. 21.4    ( a – c ) The web-page of the biocalculator with clinical and treatment data for the patient 
in case 4           

a 
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b

c

Fig. 21.4 (continued)
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    Comment 

 These two scenarios of circulating biomarkers (adding biomarker data on top of 
clinical evaluation) signifi cantly modify risk estimation. It is important to underline 
two aspects: fi rst, risk prediction accuracy is better with addition of biomarkers into 
the risk prediction model (discrimination, calibration and reclassifi cation perform 
better); second, biomarker levels are dynamic and may vary with treatment; thus, 
patients’ prognosis can be updated in every visit with newly obtained biomarker 
measurements    

    ST2 in Monitoring 

    Serial Monitoring 

 The low long-term intra-individual variation in levels gives ST2 a potential advan-
tage for serial testing in HF patients. Boisot et al. fi rst showed that among patients 
hospitalized with an acute HF decompensation, failure of the ST2 level to drop at 
least 15 % over the course of the hospitalization was associated with an increased 
risk of death at 90 days [ 13 ]. More recently, Llibre et al. [ 14 ] examined 185 patients 
admitted with acute HF and measured admission, discharge and ST2 dynamics. 
Admission and discharge ST2 levels and ST2 kinetics were useful for 1-year risk 
stratifi cation. After adjustment for age, sex, ischemic etiology of HF, LVEF, creati-
nine, hemoglobin and concomitant NT-proBNP levels, discharge ST2 levels and 
ST2 kinetics provided the most valuable information.  

    Clinical Case 5 

 Ambulatory male 65 years old. History of smoking, hypertension and diabetes mel-
litus. Diagnosed of dilated cardiomyopathy on 2012, and on treatment with torase-
mide 10 mg, enalapril 10 mg bid, carvedilol 6.25 mg bid. 

 May 2015 he was admitted at the hospital due to decompensated HF 
(Fig.  21.5a ).

   EKG: Sinus rhythm, AQRS -60°, LBBB, QRS duration 150 ms (Fig.  21.5b ). 
 Admission biomarker levels: ST2 135 ng/mL. 
 Echocardiogram: LVEF 27 %, LVEDD 64 mm, LVESD 48 mm, moderate mitral 

regurgitation, PAP 40 mmHg, abnormal interventricular septum movement. Normal 
coronary angiography. 

 With i.v. diuretics and vasodilator treatment the patient had a good clinical 
course. RCT was decided and implanted before discharge. Discharge treatment: 
carvedilol 6.25 mg bid, enalapril 10 mg bid, eplerenone 25, and furosemide 40. 

 Discharge ST2 levels: 70 ng/mL. 
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  Fig. 21.5    Case 5. ( a ) Admission X-ray. ( b ) Discharge EKG. ( c ) ST2 levels were obtained at every 
visit after discharge, after 1 month and every 3 months thereafter. ( d ,  e ) At visit 6, an ST2 increase 
was detected. EKG and chest X-ray were performed         

a

b

c
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 The patient was visited at the HF Clinic one week after discharge, after 1 month 
and every 3 months thereafter. ST2 levels were obtained at every visit (Fig.  21.5c ), 
together with treatment changes: 

 At visit 6, an ST2 increase was detected. The patient only complained of some 
nocturnal cough. EKG and chest X-ray were performed (Fig.  21.5d, e ):

   EKG: spontaneous sinus rhythm and own AV conduction; no pacemaker spike vis-
ible on EKG; changes in the pattern of QRS relative to post-discharge EKG.  

  Chest X-ray: signs of left HF and atrial electrode displacement.  
  Diuretic dose was increased and the atrial electrode replaced. The patient had a 

favorable clinical course, and ST2 levels fell back to 32 ng/mL.     

d

e

Fig. 21.5 (continued)
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    ST2 and Ventricular Remodeling 

 In a post-hoc analysis of the EPHESUS trial, in which acute MI patients (mostly 
STEMI) with left ventricular dysfunction were randomized to receive either the 
mineralocorticoid antagonist (MRA) eplerenone or placebo, individuals with high 
ST2 levels were found to have an increased risk of adverse ventricular remodeling 
at 24 weeks [ 15 ]. However, the risk of adverse remodeling was attenuated in the 
patients with high ST2 who were randomized to eplerenone. In contrast, patients 
with low ST2 levels had low levels of remodeling regardless of which arm they were 
randomized to. As this was not a prospective analysis the results are merely 
hypothesis- generating. Nonetheless, the results suggest a potentially important use 
for ST2: targeting MRA therapy to patients with elevated ST2 levels who are most 
likely to benefi t could be a way to intelligently personalize post-MI care. 

 Very recently a remodeling score has been developed. Lupón et al. examined 
whether clinical variables plus serum concentrations of ST2, NT-proBNP, hs-cTnT, 
and galectin-3 predicted reverse remodeling (R2) [ 16 ]. Its is remarkable that among 
the studied biomarkers only ST2 emerged as a good surrogate of R2. The ST2R2 
score developed contained 5 clinical variables: non-ischemic etiology, absence of 
LBBB, HF duration <12 months, LVEF <24 %, and β-blocker treatment plus 
ST2 < 48 ng/mL. The score had an area under the curve of 0.79 in the derivation 
cohort and 0.73 in a separate validation cohort.  

    Clinical Case 6 

 Ambulatory male, 52 years old, ex-smoker. History of mild arterial hypertension, 
gout, knee osteoarthritis and glaucoma. In April 2013 begun with shortness of 
breath at moderate exercise, that progressively increased to mild effort. 

 In May 2013 he suffered of palpitations, rest dyspnea and a wide QRS tachycar-
dia. He was admitted in the Cardiology ward: BP 145/80 mmHg. HR 60 bpm. No 
lung crackles. No 3rd heart sound. Mild mitral regurgitation murmur. No peripheral 
edema. No hepatomegaly. No jugular ingurgitation. 

 Echocardiography: LVEF 27 %, LVEDD 59 mm, LVESD 45 mm, left atrium 
44 mm, mild mitral regurgitation, PAP 45 mmHg. Normal coronary angiogram. 
Cardiac-MRI: LV dilatation (LVEDV 207 ml, LVESV 154 ml), LVEF 26 %. No 
fi brosis. No signs of amyloid. EP Study: normal A-V conduction; No induction of 
VT/VF (Fig.  21.6 ).

   Medication was uptitrated to: enalapril 10 mg bid, carvedilol 12.5 mg bid, furo-
semide 40 mg, and spironolactone 25 mg. 

 Follow-up at the HF Clinic: NYHA class II, ST2 20.6 ng/mL, NT-proBNP 
430 ng/L. 
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  ST2-R2 Score  
 Non-ischemic etiology:  5  (If yes: 5) 
 Absence of LBBB:  4  (If yes: 4) 
 ST2 < 48 ng/mL:  3  (If yes: 3) 
 HF duration < 12 months:  2  (If yes: 2) 
 Beta-blocker treatment:  2  (If yes: 2) 
 LVEF < 24 %:  0  (If yes: 1) 
  Total ST2-R2 Score    16  

      Outcome 

 Twelve month follow-up Echocardiography: LVEF: 58 %, LVEDD: 55 mm, LVESD: 
41 mm, left atrium: 35 mm, mild mitral regurgitation, PAP 35 mmHg.  

    Comment 

 A ST2-R2 score of 16 yields an 86 % of clinically relevant reverse ventricular 
remodeling (LVEF increase by ≥ 15 points). Indeed, this patient showed a very sig-
nifi cant improvement after 1 year of treatment.   

  Fig. 21.6    Chest X-ray for patient from case 6       
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    Clinical Case 7 

 A 44 year old male, smoker of 30 cig/day until 2003. History of arterial hyperten-
sion, diabetes mellitus, dyslipidemia, gastric ulcer, and pneumonia. He suffered an 
anterior AMI in 2010. LVEF was 35 %. Coronary angiography showed 99 % proxi-
mal LAD stenosis, which was treated with a DES implant. In May 2012 was admit-
ted due to progressive dyspnea and NYHA class IV. MRI showed LVEF 20 %. 
Coronary angiography did not show restenosis nor new coronary lesions. 

 First visit at HF Clinic in March 2013: NYHA class III. orthopnea. BP 
110/73 mmHg, HR 68 bpm. No signs of congestion (Fig.  21.7 ).

   EKG: Sinus rhythm. QS V1-V4. QRS 100 ms, no LBBB. 
 Biomarker levels: ST2 80 ng/mL, NT-proBNP 1180 ng/L 
 Echocardiogram: LVEF 25 %, anterior and apical akinesis, LVEDD 71 mm, 

LVESD 68 mm, left atrium 45 mm, mild mitral regurgitation, PAP 43 mmHg. 
 Medication: enalapril 10 mg bid, carvedilol 12.5 mg bid, furosemide 40 + 20 mg, 

AAS 100 mg, isosorbide mononitrate 40 mg tid, eplerenone 50 mg, digoxin 0.25 mg 
3 d/w, atorvastatin 40 mg. 

  ST2-R2 Score  
 Non-ischemic etiology:  0  (If yes: 5) 
 Absence of LBBB:  4  (If yes: 4) 
 ST2 < 48 ng/mL:  0  (If yes: 3) 
 HF duration < 12 months:  0  (If yes: 2) 
 Beta-blocker treatment:  2  (If yes: 2) 
 LVEF < 24 %:  0  (If yes: 1) 
  Total ST2-R2 Score:    6  

  Fig. 21.7    Chest x-ray for patient discussed in case 7       
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      Outcome 

 12 month follow-up echocardiogram: LVEF 29 %, LVEDD 66 mm, LVESD 62 mm, 
left atrium 45 mm, mild mitral regurgitation, PAP 38 mmHg.  

    Comment 

 With a ST2-R2 score of six, the probability of reverse remodeling (LVEF increase 
by ≥ 15 points) is 14 %. As expected, the patient did not show a clinically signifi cant 
improvement after 1 year follow-up.       
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    Chapter 22   
 Biomarkers in Heart Failure: Procalcitonin                     

     Martin     Möckel       and     Julia     Searle    

    Abstract     Several studies have investigated procalcitonin (PCT) in the context of 
heart failure, both, as a prognostic marker but also as a marker to guide the decision 
on antibiotic treatment in acute heart failure. This chapter summarizes the current 
evidence on the value of PCT in the work-up of patients with acute heart failure and 
presents case reports, an algorithm and caveats to underline the potential use of PCT 
in this setting.  

  Keywords     Procalcitonon (PCT)   •   Heart failure   •   Antibiotics   •   Diagnosis of heart 
failure   •   Risk stratifi cation in heart failure   •   Biomarkers in heart failure  

      PCT Increase in Heart Failure and Underlying Hypotheses 

 In 1999,  The Lancet  published a prospective cohort study on endotoxin and immune 
activation in patients with chronic heart failure and recent onset of peripheral edema, 
analyzing a set of biomarkers connected with endotoxemia, infl ammation and 
immune response and showing their elevated levels during the acute exacerbation. 
This was the fi rst study where procalcitonin (PCT), a marker previously known in 
connection with bacterial infection and specifi cally sepsis, was connected to chronic 
heart failure and showed increased levels in patients as compared to healthy volun-
teers and even higher levels in patients with heart failure and peripheral edema, 
although patient numbers were small and fi ndings on PCT non-signifi cant [ 1 ]. As 
the study also showed raised endotoxin-levels in patients with heart failure, it added 
to the hypothesis that this might be caused by altered gut permeability due to edem-
atous intestines, followed by bacterial translocation and endotoxin release into the 
blood stream [ 2 – 4 ]. 

 Since then, several studies have investigated PCT as a marker in the context of 
heart failure, both, as a prognostic marker but also as a marker to guide the deci-
sion on antibiotic treatment in acute heart failure. This chapter will summarize the 
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current evidence on the value of PCT and show case reports to underline the use-
fulness of PCT in heart failure.  

    Prognostic Value of PCT in Heart Failure 

 Infl ammation plays an important role in chronic heart failure and seems to be con-
nected to intestinal edema leading to an overexpression of pro-infl ammatory cyto-
kines with adverse effects on cardiac function and the general body metabolism [ 5 ]. 
Considering these hypotheses it is not surprising that PCT has been tested for its 
prognostic value in heart failure. Results of the BACH-study, a prospective, interna-
tional trial with over 1,600 patients with dyspnea recruited in Emergency 
Departments [ 6 ], showed that PCT was signifi cantly associated with 90-day mortal-
ity in patients diagnosed with acute heart failure (34.6 % (n = 568) of all patients 
included in BACH). Patients in the fi fth PCT quintile (>0.21 ng/ml) had a 90-day 
survival rate of only 80.5 % as opposed to 92 % for patients in the fi rst PCT-quintile 
(<0.05 ng/ml) [ 7 ]. 

 On the other hand, in a trial by Travaglino et al., conducted in 9 Italian EDs and 
analyzing data of 441 patients with acute dyspnea and an expected hospital stay of 
at least 72 h, PCT at admission was a signifi cant, albeit modest predictor for 30- and 
90-day mortality (AUC 0.70 and 0.73, respectively) in all patients, but sub-analysis 
showed that this was only true for patients without heart failure as their fi nal diag-
nosis [ 8 ]. 

 Recently, Villanueva et al. evaluated the association of PCT at admission and 
long-term outcome (median follow-up 2.0 years) in a cohort of 261 acute heart 
failure patients. Median PCT levels at admission to the Emergency Department 
were higher in the 41.4 % of patients who died during the follow-up period 
(0.073 [0.047–0.111] vs. 0.051 [0.027–0.088] ng/ml). Mortality rate increased 
with PCT-quartiles, with a hazard ratio of 2.32 (1.18–4.55; p = 0.014) in Q4 as 
compared to Q1. The association was independent of white blood cell count, 
CRP, endotoxin and different interleukin levels [ 8 ]. In summary, evidence indi-
cates a prognostic value of PCT in heart failure but is still sparse and 
inconclusive.  

    PCT as a Marker for Bacterial Infection in Heart Failure 

 Evidence for increased levels of PCT in patients with heart failure even in the 
absence of bacterial infection might question established diagnostic cut-off levels 
[ 9 ]. A large study from China with combined data sets of patients with heart failure 
or infection and re-adjudicated diagnoses (bacterial infection without heart failure, 
congestive heart failure without infection (heart failure only) and bacterial infection 

M. Möckel and J. Searle



271

complicated by congestive heart failure) and healthy controls (n = 4,698 in total), 
showed signifi cantly higher PCT levels in heart failure than in healthy controls. 
Likewise, patients with infections complicated by heart failure had higher PCT lev-
els than patients with simple infections. As a consequence, the positive predictive 
value for bacterial infection, using a cut-off level of 0.1 ng/ml was highest in simple 
infection (95.1 %), lower in infection complicated by NYHA II and III heart failure 
(90.9 % and 87.6 % respectively) and lowest in infection complicated by NYHA IV 
heart failure (68.6 %).  

    PCT-Guided Antibiotic Treatment in the Emergency 
Department 

 Shortness of breath is a common chief complaint in the Emergency Department and 
is associated with a poor prognosis [ 10 ]. Studies show an equal distribution of car-
diogenic and respiratory underlying diagnoses in emergency patients with dyspnea, 
with heart failure, pneumonia, chronic obstructive pulmonary disease and acute 
myocardial infarction in lead positions [ 6 ,  10 ,  11 ]. The similarity of symptoms and 
affected patients as well as the increasing rate of multi-morbidity with coexisting 
pulmonary and cardiac diseases pose a great challenge to the diagnostic work-up of 
patients with dyspnea, especially in the setting of an Emergency Department where 
fast decisions are indispensable. Additionally, early labelling of a patient into “car-
diac” or “pulmonary” can set off the “wrong” algorithm for further patient work-up 
and thus lead to inadequate treatment. 

 Ray et al. were able to show that inappropriate treatment in elderly patients with 
acute respiratory failure in the Emergency Department signifi cantly increased the 
risk of in-hospital death [ 11 ]. 

 In 2004, Christ-Crain et al. published a trial evaluating PCT-guided antibiotic 
treatment in emergency patients with lower respiratory tract infections, and were 
able to show a signifi cant reduction in antibiotics overuse. Bacterial infection was 
deemed excluded with PCT-levels below 0.1 ng/ml, unlikely with levels between 
0.1 and 0.25 ng/ml, possible with levels between 0.25 and 0.5 ng/ml and likely 
above 0.5 ng/ml. Notably, of the 597 patients enrolled with dyspnea and/or cough 
and suspected lower respiratory tract infection, 68 had a fi nal diagnosis of heart 
failure, but these were excluded from the analysis [ 12 ]. 

 A sub-analysis of the BACH-data revealed that patients with a diagnosis of acute 
heart failure and an increased value of PCT above 0.21 ng/ml had a worse outcome 
if they did not receive antibiotic treatment. Likewise, patients with AHF and a PCT 
value below 0.05 ng/ml had a better prognosis if they were not given an antibiotic. 
In patients with PCT values between these two cut-points, antibiotic treatment did 
not affect survival. Interestingly the BACH-data showed that emergency physician 
estimation of the presence of pneumonia was unreliable and especially in patients, 
where the emergency physicians judged the probability of pneumonia as “low” or 
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“medium”, information on the patient’s PCT value had the potential to guide re- 
adjustment of the underlying diagnosis [ 7 ]. 

 Recently, Schuetz et al. analyzed data from the ProHOSP trial, a randomized, 
interventional study where patients with suspected lower respiratory tract infec-
tions were randomized to standard or PCT-guided antibiotic treatment decision. 
Antibiotic treatment was discouraged if PCT was below 0.25 ng/ml and strongly 
discouraged if PCT was below 0.1 ng/ml. Antibiotic treatment was recommended 
if PCT was above 0.25 ng/ml and strongly recommended if PCT was above 0.5 ng/
ml. The authors now analyzed data of a subset of 233 patients with a history of 
chronic heart failure, who were evenly distributed in the two study groups. Primary 
endpoint of the analysis was an adverse outcome (mortality and ICU-admission) 
within 30 days of ED presentation. The combined endpoint was non-signifi cantly 
lower in the PCT- group (16.4 % [19/116] versus 22.2 % [26/117], p = 0.26), but 
antibiotic exposure was signifi cantly shorter in the PCT-guided group, as were 
antibiotic side effects. In patients with a low initial PCT-value, the PCT-guided 
group had a signifi cantly lower adverse outcome rate and signifi cantly shorter anti-
biotic exposure than controls, indicating that excluding respiratory infection and 
avoiding inadequate antibiotic treatment has a great potential to improve patient 
outcome [ 13 ]. 

 In April 2014, a large, international randomized trial was initiated to prospec-
tively compare standard with PCT-guided antibiotic treatment for acute heart failure 
patients in the ED (IMPACT-EU, NCT02392689.gov)   https://clinicaltrials.gov/ct2/
show/NCT02392689?term=NCT02392689&rank=1    ). 

 Patients with suspected heart failure and increased natriuretic peptides (midre-
gional pro atrial natriuretic peptide (MR-proANP) >300 pmol/L, brain natriuretic 
peptide (BNP) >350 ng/ml or N-terminal of the pro-hormone brain natriuretic pep-
tide (NT-proBNP) >1800 ng/l) will be randomly assigned to a standard manage-
ment group or a PCT-guided group where a cutoff level of 0.2 ng/ml will be used to 
support decision on antibiotic therapy initiation. Patients will be followed up 30 and 
90 days after randomization to evaluate the survival status, re-hospitalizations and 
antibiotic therapies.  

    Case Reports 

 The following fi ve case vignettes highlight the potential benefi t of the use of PCT in 
combination with a natriuretic peptide.  Case 1:  Patient with pulmonary edema due 
to AHF in combination with pneumonia.  Case 2:  Patient with hypertensive pulmo-
nary edema and antibiotic treatment despite a low PCT-level.  Case 3:  Patient with 
pulmonary edema due to AHF in combination with an acute exacerbation of a newly 
diagnosed chronic obstructive pulmonary disease.  Case 4:  Delayed antibiotic ther-
apy in a patient with pneumonia combined with pulmonary edema due to AHF. 
 Case 5:  Patient with pulmonary edema due to AHF combined with renal failure and 
urinary tract infection 
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    Case Report 1: Biomarkers in Herat Failure – PCT 

 Patient with pulmonary edema due to AHF in combination with pneumonia 

    Age, Gender 

 61 year-old, male patient  

    Current Reason for Visiting the Emergency Department 

 Presentation to the Emergency Department via the general practitioner with acute 
heart failure and known CAD-3, increasing use of nitroglycerin, increasing produc-
tive cough (clear sputum), increasing peripheral edema, chest pain  

    Medical History and Risk Factors 

    CAD-3, CABG 20 years previously, AMI 5 years previously  
  IDDM  
  pAVK with amputation of the lower right leg  
  M. Parkinson  
  Arterial hypertension, hypercholesterolemia, ex-smoker     

    Important Diagnostic Findings 

    SO 2  87 %, respiratory rate 30/min  
  Bedside chest X-ray: pulmonary edema, pulmonary infi ltration possible     

    Laboratory Findings at Admission (Routine) 

    TnI 5.7 ug/l (norm < 0.1)  
  CRP 15.27 mg/dl (norm <0.5 mg/dl)  
  Leukocytes 12.32/nl (norm 4.5–11.0/nl)     

    Laboratory Findings (Blind) 

    PCT: 0.47 ng/ml at admission  
  ANP: 491 pmol/l     

    Therapeutic Measures 

    Admission to Cardiology ward with pulmonary edema. Troponin elevation proba-
bly due to AHF.  

  Fast recompensation with furosemide.  
  Initiation of antibiotic therapy (Sultamicillin + Clarithromycin) due to pneumonia.     

    Length of Hospital Stay 

    9 days  
  Patient died 3.5 months later (Sepsis and end-stage heart failure)     
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    Comment 

 Patients with acute heart failure often have concomitant infections, either as “pre-
cipitant” or caused by congestion and hypoxemia. Early recognition of infection is 
crucial and PCT may support this.   

    Case Report 2: Biomarkers in Heart Failure – PCT 

 Patient with hypertensive pulmonary edema and antibiotic treatment despite a low 
PCT-level 

    Age, Gender 

 81 year-old, female patient  

    Current Reason for Visiting the Emergency Department 

 Presentation to the Emergency Department via ambulance with shortness of breath, 
SO 2  on the ambulance 92 %, arterial hypertension (205/100 mmHg) 

 Increasing dyspnea since the previous day (now NYHA III), BP 170/120 mmHg 
at admission. No productive coughing or clinical signs of infection reported.  

    Medical History and Risk Factors 

    Chronic obstructive pulmonary disease (COPD)  
  Tachyarrhythmia absoluta with Coumarin-medication  
  Arterial hypertension     

    Important Diagnostic Findings 

    ECG: AA, HR 72/min, ST-depression V4-V6, signs of left ventricular hypertrophy  
  Physical examination: Basal rales, temperature 34.9 °C ax.  
  Respiratory rate 33/min  
  Chest X-ray: Cardiomegaly, cardiac decompensation combined with an infi ltration 

in lower right lobe  
  Follow up Echo 4 months later: Normal ejection fraction     

    Laboratory Findings at Admission (Routine) 

    TnT <0.01 ug/l (norm <0.03 ug/l)  
  CRP 1.61 mg/dl (norm <0.5 mg/dl)  
  Leukocytes 11.47/nl (norm 4.5–11.0/nl)     

    Laboratory Findings (Blind) 

    PCT: 0.1 ng/ml at admission  
  MR-proANP: 340 pmol/l     
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    Therapeutic Measures 

    Fast re-compensation after normalization of blood pressure with Nitroglycerine and 
Urapidil, Furosemid 20 mg i.v.  

  Initiation of antibiotic therapy (Sultamicillin + Clarithromycin) due to clinical sus-
picion of pneumonia.  

  Discharge after normalization of BP and exclusion of AMI     

    Length of Hospital Stay 

    Ambulatory patient  
  After 3 months alive, no re-hospitalization.     

    Comment 

 Clinicians tend to prescribe antibiotics (ABx) very liberally; probably this was no 
pneumonia and the patient would have had the same outcome without ABx, which 
pose the threat of side effects and resistancies.   

    Case Report 3: Biomarkers in Heart Failure – PCT 

 Patient with pulmonary edema due to AHF in combination with an acute exacerba-
tion of a newly diagnosed chronic obstructive pulmonary disease 

    Age, Gender 

 71 year-old, male patient  

    Current Reason for Visiting the Emergency Department 

 Presentation to the Emergency Department in the morning via ambulance with 
acute shortness of breath since 4 h 

 Increasing dyspnea at exertion since a few weeks, now NYHA IV, no clinical 
signs of infection. 

 BP 214/110 mmHg, SO 2  77 %  

    Medical History and Risk Factors 

    CAD-3, CABG 7 years previously, last coronary angiography 3 months ago.  
  Diabetes mellitus  
  Arterial hypertension, hypercholesterolemia, ex-smoker     

    Important Diagnostic Findings 

    ECG: SVT, HR 150/min, probably atrial fl utter  
  Physical examination: Dyspnoea and tachypnea, bilateral rales and pulmonary 

obstruction  
  Chest X-ray: pulmonary edema     
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    Laboratory Findings at Admission (Routine) 

    TnI 0.05 ug/l (norm <0.01 ug/l)  
  CRP 3.5 mg/dl (norm <0.5 mg/dl)  
  Leukocytes 18.81/nl (norm 4.5–11.0/nl)     

    Laboratory Findings (Blind) 

    PCT: 1.29 ng/ml at admission  
  ANP: 394 pmol/l     

    Therapeutic Measures 

 Admission to Cardiology ward with hypertensive pulmonary edema and TAA. 
 Fast re-compensation after normalization of blood pressure with furosemide and 

after cardioversion. 
 Initiation of antibiotic therapy (Sultamicillin + Clarithromycin) due to acute 

exacerbation of chronic obstructive pulmonary disease, which was diagnosed with 
spirometry 2 days later.  

    Length of Hospital Stay 

    14 days  
  After 3 months alive, no rehospitalisation.     

    Conclusion 

 Pulmonary infection in combination with pulmonary edema is diffi cult to diagnose, 
PCT at admission was very high, patient might have profi ted from earlier initiation 
of antibiotic therapy.   

    Case Report 4: Biomarkers in Heart Failure – PCT 

    Age, Gender 

 72 year-old, male patient  

    Current Reason for Visiting the Emergency Department 

 Presentation to the Emergency Department from a dialysis practice with chest pain 
and dyspnea. No improvement after nitrate  

    Medical History and Risk Factors 

    CAD-1, multiple stents  
  Chronic renal insuffi ciency, hemodialysis  
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  Echocardiography 1 month previously: left ventricular hypertrophy, LVEF 60 %     

    Important Diagnostic Findings 

    SO2 96 %, respiratory rate 25/min, heart rate 86/min  
  Bedside chest X-ray: beginning pulmonary infi ltration  
  ECG: tachycardia, AV block I°, slight ST elevation V3/V4  
  Coronary angiography: diffuse CAD, no culprit lesion     

    Laboratory Findings at Admission (Routine) 

    TNT 0.14 ug/l (<0.03 ug/l)  
  CRP 0.84 mg/dl (norm <0.5 mg/dl)  
  Leukocytes 7.39/nl (norm 4.5–11/nl)     

    Laboratory Findings (Blind) 

    PCT: 1.03 ng/ml  
  ANP: 767 pmol/l     

    Therapeutic Measures 

 Exclusion of AMI, due to pneumonic infi ltration an antibiotic therapy was initiated 
(Sultamicillin).  

    Length of Hospital Stay 

    1 day  
  Patient died 5 months later (probably sepsis)     

    Comment 

 Clinical differentiation of pulmonary infection from ACS and decompensation can 
be diffi cult and lead to delayed antibiotic treatment.   

    Case Report 5: Biomarkers in Heart Failure – PCT 

    Age, Gender 

 71 year-old, male patient  

    Current Reason for Visiting the Emergency Department 

 Presentation to the Emergency Department with increasing dyspnea at rest for 3 
days (NYHA IV). Peritoneal dialysis for 3 weeks. Increase in weight of 5 kg within 
the last 5 weeks. No fever or cough.  
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    Medical History and Risk Factors 

    CAD-3 with reduced LVEF, multiple Stents and CABG  
  Chronic renal insuffi ciency, peritoneal dialysis (start 2 weeks previously)  
  Arterial hypertension, Diabetes mellitus Type 2  
  MI II°, TI II-III°, PFO, chronic atrial fi brillation     

    Important Diagnostic Findings 

    SO2 96 %, respiratory rate 16/min, heart rate 113/min  
  Bedside chest X-ray: pulmonary infi ltration  
  U-Stix: erythrocytes ++++, leucocytes +++++, protein +  
  ECG: tachycardia, atrial fi brillation, pacemaker  
  Physical examination: arrhythmia, systolic murmur, peripheral edema, rales     

    Laboratory Findings at Admission (Routine) 

    TnI 0.06 ug/l (norm <0.01 ug/l)  
  CRP 8.17 mg/dl (norm <0.5 mg/dl)  
  Leukocytes 7.87/nl (norm 4.5–11/nl)     

    Laboratory Findings (Blind) 

    PCT 0.45 ng/ml  
  MR-proANP 707 pmol/l     

    Therapeutic Measures 

 Diuresis with furosemide and increase of peritoneal dialysis improved the clinical 
situation and lead to loss of weight. Due to urinary tract infection an antibiotic 
therapy was initiated (fi rst Ciprofl oxacin, then Sultamicillin).  

    Length of Hospital Stay 

    26 days  
  Patient died 3.5 months later (heart failure)     

    Comment 

 Besides pneumonia, urinary tract infection is common in patients with heart and 
renal failure and early diagnosis can be supported with PCT-testing at admission.    
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    Conclusion and Potential Algorithm for PCT-Guided 
Antibiotic Treatment 

 Increased PCT levels in heart failure patients can be triggered by pathophysiologi-
cal mechanisms independent of bacterial infection but can also indicate concomi-
tant bacterial, and most likely pulmonary bacterial infection. Likewise, severity of 
disease as well as inadequate antibiotic treatment seem to provide PCT with a prog-
nostic capacity. PCT-guided antibiotic treatment has got the potential to improve 
patient outcome, which is currently tested in a prospective randomized study 
(NCT02392689.gov). Defi nition of an appropriate cut-off level to diagnose infec-
tion in acute heart failure patients is an important prerequisite for its usefulness. The 
fi gure shows the algorithm for the potential use of PCT in acute patients with highly 
suspected acute heart failure, as it is currently tested in the IMPACT-EU trial. 
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    Chapter 23   
 Novel Biomarkers in Heart Failure: 
Adrenomedullin and Proenkephalin                     

     Daniel     Chan      and     Leong     Ng     

    Abstract     Recently, two new neurohormonal systems have been implicated in car-
diovascular disease, namely the adrenomedullin and enkephalin systems. New 
assay methodology has enabled measurement of the bioactive adrenomedullin pep-
tide, and the more stable proenkephalin peptide (PENK) which is a surrogate for the 
enkephalin system. Both of these peptides are elevated in acute heart failure, and 
indicate poor prognosis. PENK in particular is related strongly to renal function. 
The future role of these novel biomarkers for heart failure management is 
discussed.  

  Keywords     Adrenomedullin   •   Enkephalin   •   Opioids   •   Heart failure   •   Myocardial 
infarction   •   Acute kidney injury  

   Heart failure involves activation of a number of neurohormonal systems which could 
be used as biomarkers. Each of these biomarkers confers information about different 
aspects of the condition. Many of these peptides are unstable and have short half-
lives, making study diffi cult. Recently, two novel biomarker systems have been 
described in heart failure, namely adrenomedullin and enkephalin, and development 
of sensitive and specifi c assays have enabled detection of the bioactive mature adre-
nomedullin [ 1 ] which is amidated at the C-terminal, and proenkephalin (PENK) [ 2 ], 
which is a surrogate for activation of the endogenous enkephalin system. 

    Adrenomedullin 

 Adrenomedullin (ADM) is a vasodilatory peptide which is elevated in many condi-
tions including acute myocardial infarction, heart failure and sepsis. It is a 52 amino 
acid peptide originally isolated in human phaeochromocytoma cells and was found 
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to elicit potent and long-lasting hypotensive effects. Beyond the cardiovascular 
 system, ADM affects the respiratory, renal, endocrine and central nervous systems 
[ 3 ]. It functions as a paracrine/autocrine peptide, acting on tissue beds where it is 
synthesized. 

 To date, most of our understanding of the physiology of ADM’s comes from work 
with vasculature. Intravenous infusion of ADM rapidly reduces total peripheral 
resistance and causes a dose-dependent reduction in blood pressure [ 4 ] in humans. 
This vasodilatory action is both caused by cyclic adenosine monophosphate(cAMP) 
generation through coupling of its receptor with adenylyl cyclase, and from nitric 
oxide production through phosphatidyl-inositol-3-kinase with subsequent nitric 
oxide synthase(NOS) activation. ADM administration to healthy adults and heart 
failure patients [ 5 ] increases cardiac output and decreases mean arterial 
pressure(MAP), increases heart rate and causes a natriuresis. ADM also reduces 
plasma aldosterone concentration, particularly in heart failure patients. Most studies 
agree that Adrenomedullin suppresses the renin-angiotensin- aldosterone(RAS) sys-
tem, resulting in increased plasma renin but decreased aldosterone, vasopressin and 
endothelin production. Other cardioprotective actions of ADM is inhibition of car-
diomyocyte apoptosis in the context of ischaemic/reperfusion injury. 

 Endogenous ADM increases under conditions of overhydration, hypertension, 
ischaemia, septic shock and endocrine and metabolic disorders [ 6 ]. Vascular endo-
thelial cells, vascular smooth muscle cells and non-cardiac myocytes synthesize 
and secrete ADM in response to shear stress and stimulus from infl ammatory cyto-
kines [ 7 ], a response which can be modulated by glucocorticoids and thyroid 
hormone. 

 ADM acts through receptor complexes composed of the calcitonin receptor-like 
receptor and specifi c receptor-activity modifying proteins (RAMP). This generates 
cAMP which mediates ADM action. In addition, ADM also increases intracellular 
cGMP and its activity on NOS is enhanced by cAMP activated protein kinase A. In 
parallel ADM, also stimulates extracellular kinases via protein tyrosine kinase acti-
vation which may modulate the cell’s mitogenic actions [ 3 ]. ADM is removed from 
circulation by neprilysin and other metalloproteases and aminopeptidases, with sub-
sequent clearance from the lungs. 

    Measuring Adrenomedullin 

 ADM is synthesized from preproadrenomedullin, a 185-amino acid sequence which 
comprises a 21-amino acid signal peptide, a 20-amino acid proadrenomedullin-N- 
terminal 20 peptide (PAMP) (less biologically active than ADM), the mid-regional 
pro-adrenomedullin peptide, the ADM segment itself, and the C-Terminal pro- 
adrenomedullin. Preproadrenomedullin is enzymatically reduced by signal pepti-
dase to form pro-adrenomedullin, which is then converted to mature ADM by 
prohormone convertase. 
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 Measuring mature ADM in the plasma can be diffi cult. It has a short half-life 
(22 min). Circulating ADM can be bound to complement factor H, and has two 
forms - glycine-extended ADM (intermediate form which is the majority) and 
mature ADM (following enzymatic amidation). It is also produced where it is 
needed, and therefore is bound to target receptors near its production site, therefore 
hampering accurate peripheral sampling. 

 MRproADM is stoichiometrically generated with ADM. It has no physiological 
effect and is stable, and does not undergo any further transformation. It is generated 
in a 1:1 ratio with ADM and is therefore a good surrogate marker of the activation 
of the ADM system. Currently this peptide is measured by a novel commercial 
immunoluminetric assay [ 8 ]. However, its stability may be a disadvantage when 
levels are changing in a dynamic clinical situation. 

 Recently a novel double monoclonal sandwich immunoassay has been devel-
oped to measure bioactive human mature ADM which measures the active 
C-Terminal amidated form of ADM(mADM) instead of the inactive Glycine- 
extended variant of ADM (Fig.  23.1 ). In acute sepsis, compared to MRproADM, 
mADM is more predictive of 28-day mortality (mADM c-statistic 0.74 (p <0.00013) 
vs MRproADM c-statistic 0.6 (p <0.22) [ 1 ].

  Fig. 23.1    Processing of preproadrenomedullin to bioactive mature adrenomedullin (Courtesy of 
Sphingotec, Hennigsdorf, Germany; Bunton DC, et al.,  Pharmacol Ther . 2004;103(3):179–201; 
Kitamura K, et al.,  Biochem Biophys Res Commun . 1998;244(2):551–5)       
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       Adrenomedullin as a Biomarker of Risk in Heart Failure 

 ADM levels are elevated in the presence of traditional cardiovascular risk factors 
such as hypertension, diabetes, dyslipidaemia, myocardial infarction, stroke and 
active smoking. Cardiovascular disease, peripheral vascular disease, atrial fi brilla-
tion and reduced eGFR all increase MRproADM levels [ 9 ]. The presence of con-
founding disorders (such as diabetes) does not diminish the prognostic potential of 
MRproADM in the presence of heart failure [ 10 ], and importantly, even in appar-
ently healthy individuals, elevated MRproADM alludes to elevated cardiovascular 
risk especially of incident heart failure [ 11 ]. 

 ADM has emerged as an independent powerful marker of prognosis in heart 
failure, over and above traditional risk factors and natriuretic peptides. It is particu-
larly helpful at predicting short term prognosis. Table  23.1  summarises the studies 
which have shown the prognostic value of ADM and its surrogates in heart failure 
[ 12 – 28 ]. Most of the studies demonstrate ADM’s ability to predict heart failure 
individuals at the highest risk of mortality. This is true for both the patients with 
AHF (de novo or acute decompensation), and for the unselected patients presenting 
to emergency departments with breathlessness. Furthermore ADM seems to have 
the ability to predict reverse-remodelling in patients referred for cardiac resynchro-
nisation therapy, although this fi nding will require further evaluation.

        Proenkephalin 

 The enkephalin system is one member of the endogenous opioid family. The precur-
sor proprotein proenkephalin is widely distributed in tissues, e.g., nervous and car-
diovascular systems, adrenal medulla, immune system, kidneys [ 29 ]. The precursor 
protein is processed to met- and leu-enkephalins, as well as other products 
(Fig.  23.2 ), and these may have an autocrine/paracrine effect on tissues due to their 
effi cient degradation. Enkephalins stimulate δ-opioid receptors, which are widely 
distributed in the nervous system, and also in the heart [ 30 ] and kidneys. Opioid 
receptors signal though modulation of cAMP, inositol phosphates and protein kinase 
C. They have been implicated in stress and immune responses, as well as anti- 
nociception. Enkephalins are co-released with catecholamines, being stored within 
nerve terminals. The effect on the cardiovascular system is mainly vasodepressor, 
with lowering of blood pressure and negative inotropy, as well as reduction of sym-
pathetic activity and catecholamine release. Enkephalins also exhibit an inhibitory 
effect on cell proliferation [ 30 ] and may therefore affect tissue repair mechanisms.

      Measuring PENK 

 As enkephalins are short-lived, measurement has been diffi cult. Enkephalins are 
degraded by peptidases, including neprilysin. Previous studies were unable to dem-
onstrate changes in enkephalins post-myocardial infarction [ 31 ]. In animal models 
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of heart failure, administration of a δ-opioid receptor antagonist led to increased 
blood pressure, cardiac output, and blood fl ow to kidney, heart, and other organs 
[ 32 ]. A role for endogenous opioids in humans with acute heart failure was also 
suggested following antagonism of opioid receptors using naloxone, which led to 
increased levels of the counter-regulatory hormones atrial natriuretic peptide(ANP) 
and catecholamines, with corresponding increases in heart rate and blood pressure 
[ 33 ]. However, these effects were not seen in patients with less severe heart failure, 
and naloxone may actually reduce levels of ANP in these patients [ 33 ]. Thus activa-
tion of the enkephalin system may be benefi cial in moderate degrees of heart failure, 
where enkephalins could restrain excessive activation of the sympathetic nervous 
system, but detrimental in severe heart failure when overactivation of this system 
could lead to vascular collapse and renal impairment. 

 The recent development of an assay for a fragment of PENK comprising amino 
acids 119–159, suggested that this peptide is stable [ 2 ], has paved the way for more 
studies on the enkephalin system in cardiovascular disease. Initial studies of plasma 
PENK were performed in acute myocardial infarction [ 34 ]. PENK was strongly and 
negatively correlated to eGFR (r s -0.583), and was an independent predictor of major 
adverse events, including death, heart failure and re-myocardial infarction. PENK- 
adjusted GRACE scores reclassifi ed patients successfully, predominantly by upclas-
sifying risk in those with endpoints.  

    Preliminary Studies with mADM and PENK in Acute Heart Failure 

 There are not many published studies using mADM and PENK as biomarkers in 
cardiovascular disease and none in acute heart failure. We recruited 515 (58.6 % 
male, 43.9 % with ischaemic heart disease, 59.2 % with hypertension, 31.5 % with 
diabetes) patients with acute decompensated heart failure, and obtained plasma 
samples on admission. Major adverse events were observed over the following year 
(140 deaths, 304 death/heart failure hospitalisation). Plasma mADM was elevated 
over two fold on admission (median [range] 50 [11.7–1772.8] pg/mL; normal 
 subjects 20.7 pg/mL) as was plasma PENK (99.7 [14.8–641.3] pmol/L; normal 
 subjects 44 pmol/L). Plasma mADM and PENK were correlated to eGFR (r s  −0.31 
and −0.73 respectively). Plasma mADM at discharge was 44.2 [11.7–734.2] pg/mL, 
and PENK was 102.3 [18–736] pmol/L. 

119

1

Proenkephalin A 119-159 (pro-ENK)
DAEEDDSLANSSDLLKELLETGDNRERSHHODGSDNEEEVS 159

stable

243

Met-Enkephalin

Met-Enkephalin-RGL

Leu-Enkephalin

Enkelytin

Met-Enkephalin-RF

  Fig. 23.2    Processing of proenkephalin to active short lived enkephalin peptides. The PENK pep-
tide 119–159 is stable (Courtesy of Sphingotec, Hennigsdorf, Germany)       
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 Using the ADHERE score [ 35 ] in combination with either of these biomarkers 
for prediction of death/HF at 1 year, both mADM and PENK remained signifi cant 
independent predictors (Table  23.2 ). There was also signifi cant interaction between 
mADM levels and diuretic therapy, although the interaction with PENK levels was 
not signifi cant. This is illustrated in Kaplan-Meier survival curves (Fig.  23.3 ) which 
show a progressive increase in risk in those in higher PENK and mADM tertiles, 
and also suggest a signifi cant reduction of events in those treated with diuretics in 
the highest tertile of mADM and PENK (p <0.0005 for both).

    A practical scheme for risk stratifi cation in acute heart failure using the ADHERE 
score, mADM and PENK is presented in the following classifi cation and regression 
tree (CART) analysis (Fig.  23.4 ), allowing patients to be classifi ed as low and high 
risk individuals and enabling clinicians to target more intensive therapy at those 
with the highest risk.

        Conclusions 

 The emergence of these two novel biomarker systems (mADM and PENK) may 
enable more accurate risk stratifi cation of patients with acute heart failure and 
enable precision medicine in the future. In patients who may be prescribed 

   Table 23.2    Cox regression analysis for the endpoint of death/HF at 1 year, using ADHERE scores 
and mADM or PENK. Hazard ratios refer to Log 10  biomarker levels normalised to one SD 
increment   

  Model with mADM  
  Univariable HR 
(95 % CI)    P  

  Multivariable HR 
(95 % CI)    P  

 Adhere 1  Reference  0.0005  Reference  0.0005 
 Adhere 2  1.47 (1.15–1.87)  0.002  1.43 (1.05–1.94)  0.023 
 Adhere 3  2.22 (1.70–2.91)  0.0005  1.99 (1.38–2.87)  0.0005 
 Adhere 4  2.80 (2.01–3.92)  0.002  2.65 (1.75–4.01)  0.0005 
 Adhere 5  3.85 (2.05–7.26)  0.0005  3.25 (1.33–7.94)  0.01 
 Log mADM (pg/ml)  1.51 (1.31–1.68)  0.0005  2.06 (1.68–2.52)  0.0005 
 Loop Diuretic  0.41 (0.34–0.51)  0.0005  0.66 (0.48–0.91)  0.01 
 Loop Diuretic* mADM  1.33 (1.18–1.50)  0.0005  0.60 (0.47–0.76)  0.0005 

  Model with PENK  
  Univariable HR 
(95 % CI)    P  

  Multivariable HR 
(95 % CI)    P  

 Adhere 1  Reference  0.0005  Reference  0.0005 
 Adhere 2  1.47 (1.15–1.87)  0.002  1.45 (1.06–1.97)  0.019 
 Adhere 3  2.22 (1.70–2.91)  0.0005  1.67 (1.14–2.44)  0.008 
 Adhere 4  2.80 (2.01–3.92)  0.002  2.32 (1.52–3.54)  0.0005 
 Adhere 5  3.85 (2.05–7.26)  0.0005  2.66 (1.05–6.74)  0.039 
 Log PENK (pmol/L)  1.51 (1.34–1.71)  0.0005  1.54 (1.24–1.91)  0.0005 
 Loop Diuretic  0.41 (0.34–0.51)  0.0005  0.59 (0.44–0.79)  0.001 
 Loop Diuretic* PENK  1.41 (1.24–1.61)  0.0005  0.85 (0.66–1.10)  NS 

   * signifi es interaction in statistical analysis (i.e. interaction between biomarker and the treatment)  
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neprilysin inhibitors, measurement of propeptides rather than bioactive peptides 
may indicate prognosis more accurately, and this has to be considered in future 
research.     
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  Fig. 23.3    Diuretics are more benefi cial to survival at higher tertiles of mADM and PENK       
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    Chapter 24   
 Biomarkers in Specifi c Disease States: 
Cardio-Oncology                     

     Ugochukwu     O.     Egolum      and     Daniel     J.     Lenihan     

    Abstract     Cancer related mortality has been dramatically reduced in recent decades 
due to more effective cancer treatments, especially chemotherapy and radiation 
therapy. However, the use of these treatment modalities may be limited by the risk 
of signifi cant cardiac damage. The current standard for cardiac safety assessment, in 
order to limit cardiotoxicity, predominantly focuses on serial cardiac imaging to 
identify changes in left ventricular ejection fraction (LVEF). Unfortunately, this 
method is imperfect and frequently is a late fi nding. Potentially permanent cardiac 
damage manifesting as a signifi cantly reduced LVEF has to occur before any impor-
tant change in management is undertaken. One alternative and complimentary 
approach is the appropriate use of cardiac biomarkers to identify subclinical cardiac 
damage allowing for earlier detection and institution of cardio-protective interven-
tions. This chapter will highlight the clinical use of cardiac biomarkers, specifi cally 
natriuretic peptides, cardiac troponins, as well as emerging biomarkers, for the 
detection of cardiac injury in the context of cardio-oncology.  

  Keywords     Biomarker   •   Cardio-Oncology   •   Heart failure   •   Cardiac toxicity   • 
  Anthracyclines   •   Troponin   •   Natriuretic peptides  

   Cancer and cardiovascular diseases are by far the most common diseases resulting 
in mortality in the developed world [ 1 ]. The last decade has seen a profound increase 
cancer therapeutic options and the effi cacy of those treatments [ 2 ]. Consequently, 
there is an ever increasing cohort of patients who are long-term survivors of child-
hood and adult onset cancer [ 3 ]. As this patient population ages, there is an increas-
ing overlap with concomitant cardiovascular disease (CVD) [ 4 – 6 ]. It appears that 
CVD in survivors may be an epidemiological consequence of aging but also is 

        U.  O.   Egolum ,  MD    •    D.  J.   Lenihan ,  MD      (*) 
  Division of Cardiovascular Medicine ,  Vanderbilt University Medical Center , 
  Nashville ,  TN ,  USA   
 e-mail: daniel.lenihan@vanderbilt.edu  

mailto:daniel.lenihan@vanderbilt.edu


298

related to the toxicity of chemotherapy, radiation therapy or other treatments for 
cancer [ 6 ,  7 ]. Furthermore, a substantial portion of cancer patients may have pre- 
existing CVD which can be unmasked or exacerbated by increasingly specifi c che-
motherapeutic agents with cardiotoxic effects. Cardiac damage may occur in a 
myriad of ways including arrhythmias, myocardial ischemia, hypertension, left ven-
tricular (LV) dysfunction and heart failure (HF) [ 8 – 11 ]. Additionally, there are a 
host of vascular complications that may arise during and after treatment [ 12 ]. 
Encouragingly, there is also evidence that early detection of cardiovascular damage 
with initiation of cardiovascular based medical therapy can prevent and/or enhance 
cardiac recovery in the case of LV dysfunction but also prevention of toxicity with 
control of vascular complications [ 13 – 16 ]. The main limitation is related to detect-
ing cardiovascular dysfunction at an early stage and initiating therapy before perma-
nent damage occurs. The emphasis, thus, has been on cardiac imaging modalities 
including echocardiography with and without LV deformation (strain), multiple 
gated acquisition scan (MUGA) and cardiac magnetic resonance imaging (cMRI) to 
hopefully detect damage at an early point [ 17 – 21 ]. Unfortunately, the detection of a 
signifi cant change in LVEF by any of these modalities is generally a late fi nding and 
usually indicates substantial underlying cardiac damage and remodeling [ 6 ,  22 ,  23 ]. 
The challenge at the present time is to be able to identify cardiac damage at the 
earliest stage prior to a reduction in LVEF and initiate therapy or modify dosing to 
prevent LV dysfunction. One way of achieving this goal is to utilize cardiac bio-
markers to identify those at risk for developing cardiotoxicity. Overall, the advan-
tage of cardiac biomarkers is that it is generally much less expensive, can be 
followed with ease in a serial fashion, and are less subject to interpretative variation 
[ 22 ]. In this chapter we will examine the data supporting the use of cardiac based 
biomarkers to enhance safety and cardio-protection during therapy for cancer. 

    B-type Natriuretic Peptide 

 B-type natriuretic peptide (BNP) is a neurohormone polypeptide secreted by the 
myocytes of the ventricles in response to increased wall stress from volume expan-
sion and pressure overload and is secreted along with a 76-amino acid N-terminal 
pro BNP (NT-proBNP), that is biologically inactive, and eventually cleaved to the 
active 32 amino acid BNP [ 24 ]. The hemodynamic effects of BNP include a decrease 
in afterload and increase in natriuresis; thus, counteracting some of the pathophysi-
ologic mechanisms responsible for the progression of HF. Robust data from the 
Breathing Not Properly trial (BNP trial) demonstrated that BNP was able to differ-
entiate congestive heart failure (CHF) from non-CHF causes of dyspnea with good 
specifi city and high negative predictive values. Subsequent studies also showed the 
utility of BNP for prognosis and risk stratifi cation in the setting of HF [ 25 ,  26 ]. 
Additionally, NT-proBNP–guided optimal medical therapy is associated with a 
reduced incidence of cardiovascular death, new episodes of decompensated HF, and 
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reduction in NT-proBNP that also correlates with LV remodeling and recovery [ 27 ]. 
Based on the aforementioned clinical utility, it comes as no surprise that the natri-
uretic peptides, BNP/NT-proBNP, can be useful in the setting of early detection of 
potential cardiotoxicity due to its ability to detect subclinical disease, direct medical 
therapy and assist with prognostication even prior to a decline in LVEF [ 28 ,  29 ]. 

 Multiple studies have looked at the utility of perturbations in BNP/NT-proBNP 
levels in patients with cancer undergoing treatment with chemotherapy or radia-
tion (Table  24.1 ). In one such study, patients receiving high dose anthracyclines 
for breast cancer, NT-proBNP was measured at baseline and immediately follow-
ing each treatment cycle [ 30 ]. There was a high degree of correlation between a 
rise in NT-ProBNP and a reduction in LVEF. Similar fi ndings with natriuretic 
peptides were replicated in other studies primarily with the use of anthracycline-
based chemotherapeutic regimens [ 28 ,  29 ]. The utility of BNP to assist in identi-
fying those patients at risk for cardiotoxicity and LV dysfunction goes beyond the 
acute setting. Persistently elevated BNP is predictive of late onset adriamycin-
induced cardiotoxicity and correlates with cardiac dysfunction detected over time 
[ 6 ,  28 – 30 ]. Furthermore, a baseline elevation of BNP can mark a patient at high 
risk for the development of cardiotoxicity during subsequent rounds of chemo-
therapy [ 16 ].

   Aside from predicting subsequent cardiotoxicity predominantly with 
anthracycline- based treatment, natriuretic peptide (NP) levels may indicate a 
potential therapeutic benefi t. In one study, children with acute lymphoid leukemia 
(ALL) were randomized to receive doxorubicin with or without dexrazoxane (a 
cardioprotective free radical scavenger) and those patients given dexrazoxane 
tended to have reduced NT-proBNP concentrations indicating a cardioprotective 
effect (47 vs. 20 %,  p =  0.07) [ 31 ]. It is especially important to have cardioprotec-
tive strategies in the pediatric population that have increased long-term survival 
into adulthood [ 5 ,  32 ]. Additionally, NT-proBNP levels were lower and the LV 
mass was reduced in a pediatric patient population nearly 4 years after anthracy-
cline treatment ( p  =0.003) [ 32 ]. Consequently, NT-BNP/BNP levels appear to 
guide providers in identifying those specifi c patients at risk for toxicity as well as 
indicating what therapeutic interventions may reduce the impact of cardiac dys-
function with anthracyclines. 

 The utility of natriuretic peptides (NP) to assist in detecting cardiac damage dur-
ing cancer therapy can extend to a broader population than just those receiving 
known substantial cardio-toxins like anthracyclines. For instance, those patients 
receiving chest radiation, those at risk for development of atrial fi brillation while 
receiving anti-VEGF based therapy, those at risk for HF with tyrosine kinase inhibi-
tors, and potentially those receiving combination therapy for multiple myeloma all 
may be populations in which NP may be useful [ 16 ,  33 – 35 ]. Elevated BNP levels 
correlate with an increased risk for radiation induced cardiomyopathy (early and 
late) and are directly related to the amount of radiation delivered [ 33 ]. Furthermore, 
NT-proBNP levels are used to stage and predict outcomes in patients with AL amy-
loidosis as well as monitor response to therapy [ 36 – 38 ]. 
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 It should be noted that NP, although broadly useful and predictive, must be inter-
preted within the entire clinical context at the moment of sampling for any given 
patient. For example, a rapid increase in BNP/NT-proBNP in a patient undergoing 
chemotherapy easily could be related to a concomitant process, such acute kidney 
injury or volume overload, without evidence of cardiac dysfunction or toxicity. In 
this context, the clinician is encouraged to make a careful assessment of the volume 
status of the patient and attempt to defi ne the presence of other prominent co- 
morbidity such as sepsis [ 39 ].  

    Troponin 

 Troponin I (TnI) and troponin T (TnT) are both cardiac specifi c proteins that form 
an integral part of the cardiac contractile unit [ 16 ,  22 ]. As biomarkers they are 
highly specifi c and sensitive for cardiac damage and are widely used in the diagno-
sis/treatment of acute coronary syndromes as currently supported by major guide-
line documents [ 40 ]. Elevations in troponin correlate with cardiac myocyte damage/
death, however, it does not distinguish the mechanism of injury. As such, cardiac 
troponin has found utility in the screening of asymptomatic patients for cardiotoxic-
ity during and after treatment [ 41 – 43 ]. A summary of the major clinical trials exam-
ining the utility of troponin in cardio-oncology is provided in Table  24.2  [ 6 ].

   One of the larger studies to examine this topic enrolled 703 patients with various 
advanced malignances who were receiving high dose chemotherapy [ 41 ]. TnI was 
checked at initiation of therapy, and 1 month after. Cardiac function was measured 
and documented with echocardiography at baseline, and 1, 2, 6, and 12 months post 
therapy. Thirty percent of the patients had early TnI elevation, and a third of subse-
quently showed elevated TnI at 1 month. Reductions in ejection fraction were pre-
dicted by both early ( r =  0.78,  p  <0.001) and persistent elevation at 1 month ( r  
=0.92,  p  <0.001). Not only did elevated troponin predict decline in EF, persistent 
elevation was able to predict the development of symptomatic HF which suggests 
that troponin elevation closely correlates with the cardiotoxic effects of the chemo-
therapeutic agents [ 44 ]. Having a positive troponin at any time predicted future 
cardiovascular events with a positive predictive value of 84 % and negative predic-
tive value of 99 %. There is a suggestion that troponin I elevation may be able to 
predict cardiac dysfunction with other cardio-toxic therapy, such as trastuzumab, 
but the data has not been as consistent as initially reported [ 16 ,  45 ,  46 ]. Additionally, 
troponin T has shown utility in the care of patients with  light chain amyloidosis  [ 37 , 
 38 ,  47 ]. Troponin levels are predictive of outcomes and decreases correlate with 
response to therapy and can be used to monitor disease activity in the post therapy 
patient with amyloidosis. 

 The utility of troponin to detect cardiac damage in patients who survived prior 
treatment of childhood cancer is a hopeful goal but has not been well established to 
date [ 48 – 50 ]. However, a study in patients with ALL treated with anthracyclines and 
dexrazoxane had a reduced incidence of elevated troponin underscoring the protec-
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tive effect during active treatment [ 31 ]. In another study elevated troponin corre-
lated with lower LV mass at 4 years post treatment [ 44 ]. Although early troponin 
elevation during therapy was predictive of cardiac dysfunction, post therapy tropo-
nin did not correlate with risk of late onset cardiotoxicity [ 48 ]. 

 Despite the utility of troponin as outlined above, there appears to be mixed data 
as it relates to the utility of troponin levels for predicting radiation induced cardio-
myopathy [ 51 ,  52 ].  

    Emerging Biomarkers 

 There has been a desire to identify an effective biomarker to detect cardiac injury 
during cancer treatment and therefore other markers have been investigated. 

    Myeloperoxidase (MPO) 

 MPO is a proatherogenic enzyme produced by neutrophils that is indicative off 
oxidative stress and lipid peroxidation. Its prognostic role in acute coronary syn-
drome and heart failure has been suggested [ 46 ,  53 – 55 ]. In the context of cancer 
chemotherapy, a panel of biomarkers including NT-proBNP, growth differentiation 
factor (GDF)-15, placenta growth factor (PlGF), c reactive protein (crp), soluble 
fms-like tyrosine kinase receptor (sFlt)-1, and galectin (gal)-3 in breast cancer 
patients receiving antracyclines and herceptin were examined [ 46 ]. In patients with 
90th percentile MPO interval change from baseline the probability of cardiotoxicity 
at 15 months was 34.2 %, and the risk of future cardiac toxicity increased with each 
standard deviation increase in MPO concentration (HR 1.34,  p  = 0.048). Although, 
the most useful biomarker tested was high sensitivity troponin I, MPO was also 
modestly useful in detection of cardiac damage.  

    C-reactive Protein (CRP) 

 CRP is an acute phase reactant produced in response to infl ammation [ 56 ,  57 ]. 
Although its role in CAD and HF is well documented, the utility of CRP in the cardio- 
oncology patient population has mixed results [ 58 ,  59 ]. High-sensitivity CRP (hsCRP) 
concentrations ≥3 mg/l predicted impaired LVEF with 92.9 % sensitivity and 45.7 % 
specifi city (PPV, 40.6 %; NPV, 94.1 %) in a cohort of breast cancer patients. HsCRP 
elevations occurred >70 days before echocardiographic changes were seen. As such, 
hsCRP maybe able to risk stratify patients and delineate who needs more stringent 
follow up [ 58 ]. Another study, in a survivorship cohort, found higher CRP values 
regardless of exposure to cardiotoxic treatment but poor correlation with LV mass, 

U.O. Egolum and D.J. Lenihan



309

wall thickness, and dimension [ 50 ]. This suggests that hs-CRP may be a surrogate for 
overall infl ammation or tumor burden in addition to drug effects.  

    Total Antioxidant Status (TAOS) 

 Total antioxidant status is a sum total of antioxidants in the blood and could poten-
tially be used to monitor for cardiac toxicity in anthracycline based therapy [ 49 ]. A 
study of 29 children undergoing anthracycline based therapy for acute leukemia 
showed statistically signifi cant decrease in TAOS which correlated with higher total 
doses of anthracyclines and subsequent reduction in LVEF.  

    Nitric Oxide (NO) 

 NO is generated by NO synthase from  l -arginine in numerous cell types and is a 
key regulator of cardiomyocyte contractility [ 60 ]. Dysregulated NO synthesis is 
implicated in the pathophysiology of doxorubicin-induced cardiotoxicity [ 6 ,  60 ]. 
One study demonstrated signifi cantly higher plasma levels of total nitrite, a stable 
product of NO, in children that received doxorubicin and in those with abnormal 
LVEF as compared to healthy controls and an increased NO may be an indicator of 
subclinical cardiotoxicity. 

 In addition to the markers discussed above, future directions include heart-type 
fatty acid-binding protein, cytochrome C, glycogen phosphorylase isoenzyme BB 
and circulating microRNAs deserve mention as potential targets.   

    Conclusion 

 With a dramatic improvement in the overall survival and outcomes of patients with 
cancer, cardiac damage or exacerbation of underlying cardiac disease by cancer 
therapy has become a critically important issue for cancer survivors and clinicians. 
Screening for cardiotoxicity, as per current guidelines, focuses predominantly on 
serial noninvasive imaging. This is costly, subject to variation in reader interpreta-
tion, and often detects changes when cardiac remodeling has already taken place. 
Cardiac biomarkers have emerged as an inexpensive means to serially follow 
patients and to potentially detect early subclinical cardiac toxicity. Biomarkers can 
delinate low versus high risk patients allowing for intensive screening in the later 
group. As such, biomarkers, can potentially reduce costs associated with unneces-
sary serial screening. Early, detection of subclinical cardiotoxic effects, facilitate 
changes in the chemotherapy regimen and/or the initiation of cardioprotective medi-
cal regimen (eg. Beta blocker) to prevent permanent cardiac remodeling. 
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 In summary, biomarkers offer signifi cant advantages in the detection, treatment 
and prognostication of cardiotoxicity. Multiple cardiac biomarkers have been stud-
ied and shown utility in this setting. However, as we look to the future with ever 
increasing array of available chemotherapy agents, further prospective randomized 
trials need to be conducted with the incorporation of cardiac biomarkers to improve 
our understanding of their optimal role. Eventually, cardiac biomarkers maybe 
implemented in every day practice and serve to replace or complement cardiac 
imaging. 

 Here we will present a patient recently seen at our medical center and illustrate 
how we applied biomarkers to their medical care.  

    Case 

 A 65 y/o Caucasian male, WL, with medical history of hypertension and dyslipid-
emia was referred to our heart failure clinic from an outside general cardiology 
clinic for evaluation of diffi cult to manage heart failure with preserved ejection frac-
tion (HFpEF). Despite diuretic therapy, he continued to have orthopnea, edema and 
dyspnea with minimal activity. His echocardiogram showed mild concentric LVH, 
normal ejection fraction, grade II diastolic dysfunction and no signifi cant valvular 
pathology. His electrocardiogram showed low voltage and a pseudoinfarct pattern 
raising suspicion for infi ltrative cardiomyopathy. Laboratory evaluation showed a 
monoclonal protein spike and a bone marrow biopsy was notable for 15 % clonal 
plasma cells and no amyloid. A cMRI demonstrated global subendocardial delayed 
enhancement consistent with amyloidosis. A cardiac catheterization was negative 
for signifi cant coronary disease with biopsy positive for congo red staining- con-
fi rming a diagnosis of AL cardiac amyloidosis. His diuretic regimen was adjusted 
and with careful attention to salt/fl uid intake his HFpEF symptoms improved. 

 He was referred to the Oncology clinic for further evaluation. At that point his 
troponin I was 0.12 ng/ml (<0.03 ng/ml), BNP 569 pg/ml (<100 pg/ml) and serum 
lamda light chain 27.19 mg/dl (0.57-2.63 mg/dl). At this point he was started on 
induction therapy with 6 cycles of bortezomib and dexamethasone. During induc-
tion therapy he developed worsening heart failure symptoms and a repeat echocar-
diogram showed ejection fraction of 35 %. His troponin I and BNP increased to 
0.21 ng/ml and 1006 pg/ml respectively. His cardiac dysfunction was presumed 
secondary to bortezomib. Based on prior reported studies this is generally reversible 
[ 52 ]. We adjusted his medical regimen with the addition of carvedilol, spironolac-
tone and uptitration of his diuretic regimen. We continued and completed induction 
therapy. After approximately 6 months his LVEF was back to normal. Additionally, 
troponin I and BNP decreased to 0.13 ng/ml and 340 pg/ml  respectively, signally 
cardiac recovery and reduction in disease activity. He subsequently underwent con-
solidation therapy with reduced dose melphalan and stem cell transplantation. 
During post-transplant follow up, troponin I normalized, BNP decreased to 
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 120 pg/ml and serum lambda light chain decreased to the normal range <1.66 mg/
dl. Overall, the biomarker activity was consistent with no amyloid disease activity 
and no ongoing cardiac damage. We will continue to follow him closely checking 
BNP and troponin levels periodically (Figs.  24.1 ,  24.2 , and  24.3 ).

  Fig. 24.1    The time course of BNP elevation (pg/ml) during the diagnosis and successful treatment 
of a patient with AL amyloidosis. ( A ) diagnosis, ( B ) bortezomib + dexamethasone, ( C ) LVEF drop 
to 35 %, ( D ) LVEF recovery/stem cell transplant, ( E ) heart failure symptoms improved       

  Fig. 24.2    The time course of Troponin I elevation (ng/ml) during the diagnosis and successful 
treatment of a patient with AL amyloidosis. ( A ) diagnosis, ( B ) chemotherapy + dexamethasone, 
( C ) LVEF drop to 35 %, ( D ) LVEF recovery/stem cell transplant, ( E ) heart failure symptoms 
improved       
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    Chapter 25   
 Biomarkers of Sarcopenia and Mitochondrial 
Dysfunction                     

     Boris     Arbit     ,     Elizabeth     Lee     , and     Pam     R.     Taub     

    Abstract     Research over the last 20 years has led to a new understanding of the 
central role of mitochondrial function in the physiology of aging and the pathogen-
esis of cardiovascular diseases. Sarcopenia, the gradual loss of skeletal muscle 
mass, is the most vivid result of the progressive, global decline in mitochondrial 
DNA and energy production. This deterioration in cellular bioenergetics is impli-
cated in many diseases such as heart failure and diabetes. It carries a signifi cant 
economic burden, and portends decreased functional capacity and increased mortal-
ity. This chapter reviews recent research on emerging biomarkers to better diagnose 
mitochondrial dysfunction and sarcopenia.  

  Keywords     Mitochondria   •   Sarcopenia   •   Biomarkers   •   Follistatin   •   Myostatin   • 
  Cardiolipin   •   Citrate synthase  

   Cellular bioenergetics, in which mitochondria play a key role, are integral to all 
physiological processes and result in energy production in the form of adenosine 
triphosphate (ATP). In nucleated cells, ATP creation is controlled by the mitochon-
dria, which facilitates the metabolism of nutrients via oxidative respiration. At the 
inner mitochondrial membrane, there is a series of oxidation/reduction reactions 
that occur with stepwise electron transfer between fi ve complexes and two carriers. 
The energy released by each of these electron transfer steps is used to pump protons 
from the mitochondrial matrix into the inter-membrane space, generating an elec-
trochemical gradient across the inner mitochondrial membrane. The return of pro-
tons into the mitochondrial matrix through complex V releases the energy that 
drives the phosphorylation of adenosine diphosphate (ADP) to ATP. This entire pro-
cess is dependent upon the integrity of the structure of the mitochondria. When the 
structural integrity is compromised, the mitochondrial dysfunction that follows may 
play a central role in the pathogenesis of cardiovascular diseases, such as ischemia 
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and reperfusion injury [ 1 ], atherosclerosis [ 2 ], heart failure (HF) [ 3 ], and insulin 
resistance (Fig.  25.1 ) [ 4 ].

   A way to evaluate the overall performance of the mitochondria is to look at the 
patient’s cardiorespiratory fi tness. Cardiorespiratory fi tness, assessed though aerobic 
exercise testing, is one of the most important health metrics in virtually all patient 
populations [ 5 ]. The level of cardiorespiratory fi tness in a given individual is depen-
dent upon the interactions between cardiovascular, pulmonary, and skeletal muscle 
(SkM) systems. Maximal oxygen uptake (V

. 
O 2 max) is a metric that best evaluates 

  Fig. 25.1    Interaction of mitochondrial dysfunction and sarcopenia leading to decreased functional 
capacity       
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aerobic endurance by measuring the maximal oxygen transport from the environ-
ment to the mitochondria. A poor V

. 
O 2 max is a robust, independent predictor of car-

diovascular and all-cause mortality, and provides powerful risk stratifi cation [ 6 ]. 
 The factors that limit the V

. 
O 2 max are still being debated. For example, some 

authors have concluded that cardiac output—the capacity of the circulatory system 
to transport oxygen to muscle mitochondria—is a limiting factor [ 7 ]. However, 
there are others who argue that the skeletal muscle, which is richly endowed with 
mitochondria, is the limiting factor in determining V

. 
O 2 max. The likely answer is 

that both central (cardiac) and peripheral (skeletal muscle) factors contribute to 
exercise capacity. Studies of elderly patients have shown at the cellular, tissue, and 
whole-body level that SkM mitochondrial capacity and effi ciency are associated 
with preferred walking speed, and further V

. 
O 2 max varied in proportion to muscle 

respiratory capacity [ 8 ]. Studies from our group have suggested that reversal of 
detrimental alterations in sarcomeric microstructure (associated with diabetes and 
congestive heart failure (CHF)) and restoration of cristae density may lead to 
improvement of V

. 
O 2 max (Fig.  25.2 ) [ 9 ,  10 ].

   Maintaining structural and functional integrity of skeletal muscle mitochondria 
is important for sustained health. Disturbance in mitochondrial content and function 
can directly impact skeletal muscle function and consequently functional status, 
overall health, and quality of life. 

    Sarcopenia 

 Sarcopenia is a syndrome characterized by a progressive global loss of skeletal muscle 
mass and strength [ 11 ]. Baumgartner et al. proposed a method for identifying sarco-
penia based on measures of lean mass obtained by dual-energy X-ray absorptiometry, 

Before

B
efo

re

After

A
fter

  Fig. 25.2    Improvement in mitochondrial cristae parallels improvement in skeletal muscle 
structures       
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defi ning it as skeletal muscle mass (kilograms/height(meters) [ 2 ]) less than two stan-
dard deviations below the mean of a young reference group [ 12 ]. To further refi ne the 
identifi cation of sarcopenia, the Foundation for the National Institutes of Health 
Sarcopenia Project, took into account the prevalence of muscle weakness, recom-
mending a set of sex-specifi c, empirically-derived cut-points for low absolute grip 
strength and low appendicular lean mass standardized to body mass index [ 13 ]. 

 Sarcopenia is actually very common in the elderly population, occurring in 
approximately 5 % of subjects at 65 years of age, and as high as 50 % in subjects 
over 80 years old. With aging, 1–2 % of muscle mass is lost per year after the age of 
50. Because this is such a common ailment, sarcopenia has been a great burden on 
healthcare, costing between 18 and 30 billion dollars per year [ 14 ]. This burden is 
attributed to falls, fractures, hospitalizations, and mortality, due to the overall frailty 
of these patients. 

 Frailty, a characteristic of sarcopenia that leads to decreased health and poor 
quality of life, is still not well understood. There is limited knowledge about cellular 
pathways mediating muscle atrophy. So far, it is thought that alterations in mito-
chondrial function are considered a major factor underlying sarcopenia and muscle 
atrophy [ 15 ]. There has also been widespread speculation that the mitochondrial 
dysfunction arising from oxidative damage to mitochondrial DNA (mtDNA) is the 
central mechanism driving the aging process [ 16 ]. 

 Several factors play a key role in mediating mitochondrial damage: the physical 
proximity of the electron transport chain (ETC) to the mtDNA (making it prone to 
oxidative damage) [ 17 ], the absence of protective histones and an effi cient repair 
system [ 18 ], and the lack of mitochondrial introns (which makes each mutation 
more signifi cant in terms of gene integrity and protein function). Aging appears to 
spur this process. In 146 healthy men and women aged 18–89 years, Short et al. 
demonstrated that mtDNA, mRNA, and mitochondrial ATP production declined 
with advancing age [ 19 ]. Decreased mtDNA content was correlated with decreased 
mitochondrial ATP production rate, which in turn, was associated with signifi cantly 
lower V

. 
O 2 max (P <0.01). The study also showed that the amount of mitochondrial 

proteins (e.g., NADH dehydrogenase, pyruvate dehydrogenase alpha 1, ubiquitous 
mitochondrial creatine kinase, citrate synthase) was reduced in older muscles, 
whereas levels of DNA oxidation were increased. Bua et al. found that the number 
of fi bers in the human vastus lateralis harboring ETC abnormalities increases from 
6 % at 49 years of age to 31 % at 92 years of age [ 20 ].  

    Mitochondria in Heart Failure 

 Abnormalities in mitochondrial bioenergetics are a characteristic feature of several 
diseases of heart muscle, including systolic and diastolic HF [ 21 ]. Typically, 
ATP production of the normal heart exceeds any other tissue, amounting to up to 
6 kg per day, a number that is many times its own weight. When ATP transfer (as 
phosphocreatine) and utilization becomes impaired so that insuffi cient high-energy 
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phosphate bonds are transported from the mitochondria to the myofi brils, the con-
tractile function of the muscle becomes limited [ 22 ]. Myocardial ATP levels usually 
remain normal until the advanced stages of HF, when they decrease by 30–40 %. In 
HF, myocardial phosphocreatine to ATP ratio is reduced, and has been shown to 
correlate with the New York Heart Association (NYHA) classes [ 23 ]. 

 During diastole, ATP hydrolysis is required for myosin to detach from actin, 
calcium to dissociate from Troponin-C, and calcium to be sequestered by the sarco-
plasmic reticulum. The ratio of the products of ATP hydrolysis (ADP and inorganic 
phosphate) to ATP must remain high in order to maintain a normal diastolic func-
tion. It is estimated that relaxation of the myocardium requires up to 15 % of the 
total energy cost of the cardiac cycle. 

 In HF, having insuffi cient ATP levels results in both diminished heart and skele-
tal muscle performance, leading to fatigue. In the skeletal muscle, there are altera-
tions that contribute to the pathophysiology of HF such as atrophy, shift in isofi ber 
types, decreased capillary density, oxidative capacity, and strength. At the subcel-
lular level, there is a loss in mitochondrial volume and cristae surface density (site 
of ATP production). Additionally, studies have shown that patients with HF have a 
decreased ratio of mitochondria to myofi brils, with impaired function of the mito-
chondria [ 24 ]. Fortunately, the mitochondrial aberrancies of end-stage HF can be 
reversed. In a study of 20 patients from the Columbia Presbyterian Medical Center, 
Lee at al. showed an improvement of cardiomyocyte mitochondrial function in 
patients after long-term therapy with left ventricular assist devices [ 25 ]. The under-
lying pathophysiological mechanism of HF was shown to be caused by free fatty 
acid accumulation and calcium overload, both of which affect membrane potential. 
One of the central fi ndings of this study was that mechanical unloading has a benefi -
cial effect on cardiac metabolism in the failing myocardium. 

 On a systemic scale, an imbalance between catabolic and anabolic signals in 
CHF leads to tissue wasting and ultimately cachexia. It is defi ned as weight loss of 
≥5 % in ≤12 months in the presence of an underlying illness, when accompanied by 
3 out of 5 the symptomatic and biochemical criteria [ 26 ]. Cachexia is a serious 
complication of CHF that worsens clinical symptoms and is a strong independent 
risk factor for mortality. Patients with HF and cachexia had a mortality rate of 50 % 
at 18 months of follow-up, compared with 17 % in non-cachectic CHF patients [ 27 ].  

    Biomarkers of Sarcopenia 

 Precise assessment of skeletal muscle mass and its alterations is diffi cult. Currently, 
assessment of sarcopenia is limited to the quantifi cation of muscle mass by magnetic 
resonance imaging, computed tomography, or dual energy x-ray absorptiometry 
scan and functional tests to quantify muscle function. It would be more cost-effec-
tive to identify reliable biomarkers that can be measured in blood to guide diagnosis 
and therapy in routine clinical practice and in clinical trials. There are few biomark-
ers for both sarcopenia and mitochondrial function that are being investigated. 
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 Myostatin, also termed as growth/differentiation factor-8 (GDF-8) is a member 
of the TGF-β superfamily that is predominantly expressed in SkM. The most potent 
negative regulator of SkM growth, myostatins need to be inhibited for muscle 
growth and development to occur. This is demonstrated when systemic administra-
tion of myostatin led to skeletal muscle wasting in mice [ 28 ]. Furthermore, studies 
in chronic HF have shown that patients in advanced stages of HF express signifi -
cantly higher concentrations of myostatin in Skm (which may explain cachexia seen 
in HF) [ 29 ,  30 ]. However, 12 patients with late stage CHF (NYHA IIIb) were able 
to reverse these changes through 12 weeks of exercise training, supporting the con-
cept of exercise as an important treatment tool in chronic HF [ 29 ,  31 ]. 

 On the other hand, follistatin is a secreted glycoprotein that has been recognized 
as a high affi nity binding and neutralizing protein for several members of the TGF-β 
superfamily including myostatin. Follistatin antagonizes myostatin activity by bind-
ing to it and interfering with the binding of myostatin to its receptor. This interaction 
is seen in resistance training, where myostatin levels decrease and those of follistatin 
increase, leading to an increase in muscle mass. For example, administration of fol-
listatin to Mstn−/− mice caused muscle mass to increase more than when myostatin 
was depleted [ 32 ,  33 ]. In animal trials, intramuscular and systemic administration of 
gene therapy vectors expressing follistatin led to increased muscle fi ber hypertrophy 
and strength [ 34 ,  35 ]. Also, Brandt et al. examined 76 patients with type 2 diabetes 
and 92 control subjects, and showed that skeletal muscle myostatin mRNA is ele-
vated in patients with type 2 diabetes [ 36 ]. It was associated with impaired insulin 
sensitivity, increased triglycerides, low-grade chronic infl ammation, obesity, and a 
poor fi tness level [ 36 ]. Follistatin also regulates other targets besides myostatin. 

 Many studies show that aging muscle can respond favorably following endur-
ance training by increasing the levels of key regulators such as peroxisome 
proliferator- activated receptor gamma coactivator 1-alpha (PGC-1α), a master regu-
lator of mitochondrial biogenesis. It appears that in senescent SkM, the upregula-
tion of PGC-1α is impaired in response to endurance training and thus, may partly 
explain the loss of function. Interestingly, PGC-1α also seems to be involved in 
protecting SkM from denervation or starvation induced atrophy as seen in experi-
ments involving PGC-1α-overexpressing transgenic mice. Thus, it serves as a vital 
link between mitochondrial and skeletal muscle function. 

 An older, well-established biomarker, serum creatinine, has been suggested to 
serve as a reliable muscle mass biomarker, if appropriate adjustment for kidney 
function and dietary meat intake is undertaken [ 37 ].  

    Biomarkers of Mitochondrial Function 

 A biomarker of mitochondrial function, citrate synthase (CS) is one of the key 
regulatory enzymes in the energy-generating metabolic pathway that catalyzes 
the condensation of oxaloacetate and acetyl coenzyme A to form citrate in the 
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tricarboxylic acid cycle. It has been extensively used as a metabolic marker in 
assessing oxidative and respiratory capacity. Leek et al. showed that CS activities 
increased (in vastus lateralis) in response to acute exercise in six sedentary males. 
Another group further refi ned this fi nding by showing different responses of skel-
etal and cardiac muscles in CS enzymatic activity but similar responses in CS 
gene expression at 1 and 48 h after the last session of endurance training in 16 
rats [ 38 ]. 

 Another biomarker, cardiolipin (CL), is a major membrane phospholipid in the 
mitochondria and is essential for cellular energy metabolism mediated through 
mitochondrial oxidative phosphorylation. It has been suggested that CL plays a role 
in the generation of an electrochemical potential for substrate transport and ATP 
synthesis. CL that has undergone oxidation (oxCL) promotes delocalization and 
release of cytochrome c, causing its release from the mitochondria and the activa-
tion of cell death programs. Antibodies against CL cause both venous and arterial 
thrombosis, and are known to be of major importance in systemic lupus erythema-
tosus, cardiovascular disease and venous thrombosis [ 39 ]. This mechanism involv-
ing cardiolipin highlights how cellular processes in mitochondria ultimately are 
involved in the pathogenesis of disease. Prevention of the aging-related changes in 
mitochondrial membrane composition, through a possible attenuation of cardiolipin 
oxidation was studied in yeast by Goldberg et al. [ 40 ]. The group concluded that 
longevity in chronologically aging yeast is programmed by the level of metabolic 
capacity and organelle organization they developed, in a diet-specifi c fashion. In 27 
diabetic subjects (ages 37–70), compared to 32 non-diabetic, age-matched controls, 
greater mitochondrial membrane polarization and lower mitochondrial mass/car-
diolipin content was measured [ 41 ]. 

 Recently, platelet mitochondrial DNA (mtDNA) function has come to the fore-
front as a potential new marker of cardiovascular disease. Platelets play an impor-
tant role in cardiovascular disease, in the pathogenesis of atherosclerosis and in the 
development of acute thrombotic events. Large amounts of ATP are required to 
power platelet activation, adhesion, and aggregation. Since platelets do not have a 
nucleus, their only DNA is mitochondrial. Thus, the understanding of mitochondrial 
gene expression may be critical to understanding role of platelets in cardiovascular 
disease. A novel experiment by Baccarelli and Byun showed signifi cantly higher 
platelet mtDNA methylation in ten patients with hypertension and/or atherosclero-
sis aged 44–83 years old compared to 17 healthy individuals aged 22–71 years old 
[ 42 ]. There are also other mechanisms in mitochondrial platelet function. An 
increase in mitochondrial calcium levels mediates mitochondrial redox imbalance, 
membrane protein thiol cross-linking, and the activation of mitochondrial permea-
bility transition pore opening. Following strong activation, increased cytosolic and 
mitochondrial calcium levels result in a mitochondrial membrane potential col-
lapse. A pilot study of mitochondrial respiratory function and proteomic changes 
comparing platelets extracted from insulin sensitive (n = 8) and type 2 diabetic sub-
jects (n = 7) showed that this collapse leads to increased mitochondrial ROS levels 
and platelet apoptosis [ 43 ].  
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    Therapies Targeting Mitochondria 

 Over the past few years, there has been a growing body of research that looked at 
specifi c therapies aimed at improving mitochondrial function. A promising agent is 
a fl avanol, (-)-epicatechin, which is found in cocoa. Studies with dark chocolate 
have shown improved insulin sensitivity and reductions in the incidence cardiovas-
cular diseases including HF. Nogueira et al. have demonstrated that a fl avanol pres-
ent in cacao, (-)-epicatechin, stimulates mitochondrial biogenesis (increased 
volume, cristae density and protein content for oxidative phosphorylation com-
plexes and organelle membrane) in skeletal and cardiac muscle of mice leading to 
improved exercise performance [ 44 ]. Subsequent research has shown that Epi-rich 
cocoa treatment improves SkM mitochondrial structure and in an orchestrated man-
ner increases molecular markers of mitochondrial biogenesis resulting in enhanced 
cristae density [ 44 ]. For the fi rst time, initial safety, tolerability, and pharmacokinet-
ics of pure (-)-epicatechin in healthy human subjects have been reported. Biomarkers 
including platelet mitochondria complexes I, IV and citrate synthase activities dem-
onstrated a signifi cant increases of approximately 92, 62 and 8 %, with treatment. 
Average day 5 follistatin area under the curve (AUC) levels were around 2.5 fold 
higher vs. average day 1 AUC levels [ 45 ]. This study illustrated how biomarkers of 
mitochondrial function and sarcopenia (follistatin) can be used to assess the benefi -
cial effects of (-)-epicatechin (Fig.  25.2 ). 

 Common antibiotics are establishing a new niche as modulators of mitochondrial 
function. Members of the tetracyclines family of antibiotics can exert cardio- 
protective effects by blocking mitochondrial permeability transition pore opening. 
Minocycline and doxycycline have been shown to inhibit mitochondrial Ca 2+  uptake 
via the inhibition of the mitochondrial calcium uniporter [ 46 ]. In a rat model, fol-
lowing 45 min of occlusion of the left anterior descending coronary artery, synergis-
tic inhibition of mitochondrial swelling by the combination of (-)-epicatechin and 
doxycycline were observed. Co-treatment with (-)-epicatechin and doxycycline led 
to a reduction inpalcium-induced swelling of isolated myocardial mitochondria, and 
a reduced infarct area of nearly 50 %, 48 h after ischemia reperfusion injury. This 
effect was sustained for 3 weeks [ 47 ]. Cyclosporine also inhibits the opening of 
mitochondrial permeability transition pores. It has also been shown to attenuate 
myocardial reperfusion injury in 58 patients who presented with acute ST-elevation 
myocardial infarction [ 1 ]. 

 A defi cit of certain hormones has been linked to myocardial dysfunction. 
Testosterone defi ciency is a risk factor for cardiovascular diseases and coronary 
artery disease. Recent studies suggest a benefi cial effect of physiological testoster-
one replacement therapy on lipid profi les and ischemic insults of the heart. A study 
showed that cardiac mitochondria taken from the ischemic myocardium in orchiec-
tomized rats consequently had increased mitochondrial ROS production [ 48 ]. 
Testosterone replacement in this model mitigated cardiac mitochondrial dysfunc-
tion in the ischemic myocardium (improved left ventricular pressure, decreased 
infarct size, and reduced fatal cardiac arrhythmias) [ 48 ]. 
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 Thyroid hormone (TH) is another hormone whose defi ciency has been shown to 
result in mitochondrial dysfunction. Supplementation of TH may offer a novel option 
for cardiac diseases [ 49 ]. 3,5,3’-triiodothyronine (T3), the biologically active form of 
thyroid hormone, signifi cantly declines after myocardial infarction. TH has a mito-
chondria-targeted antioxidant protective effect following myocardial infarction [ 50 ]. 
In cultured cardiomyocytes, T3 treatment after MI decreased oxidative stress-induced 
apoptosis and increased the expression of factors involved in mitochondrial DNA 
transcription and biogenesis, such as hypoxic inducible factor-1α, mitochondrial 
transcription factor A and peroxisome proliferator activated receptor γ coactivator-1α, 
in the LV peri-infarct zone. Early restoration of TH halved the infarct scar size and 
prevented progression towards HF [ 51 ]. Low TH is common in patients with cardiac 
diseases, with an incidence of up to 30 % in HF patients. In a recent placebo-con-
trolled, double-blind study of 50 patients with clinically stable NYHA functional 
class I–III systolic HF and hypothyroidism, patients assigned to replacement therapy 
had increased 6-min walk distance, decreased serum N-terminal pro-brain natriuretic 
peptide level, and a signifi cant increase in the left ventricular ejection fraction. 

 The skeletal muscle comprises up to 60 % of the total body weight. Over the last 
10–15 years we have gained new insight into how cellular bioenergetics and mito-
chondrial dysfunction come to play a central role in the pathogenesis of sarcopenia 
and cardiovascular diseases. Biomarkers that assess mitochondrial integrity and 
function are still in the early stages of development. Parallel to this, therapeutic 
options which are specifi cally targeted at the mitochondria are emerging.     
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    Chapter 26   
 Biomarkers in Arrhythmias, Sudden Death, 
and Device Therapy                     

     David     E.     Krummen       and     Lori     B.     Daniels    

    Abstract     Biomarkers are emerging clinical tools which may provide rapid and 
objective quantifi cation of distinct pathophysiologic mechanisms which contribute 
to atrial and ventricular arrhythmias, and may identify patients at risk for adverse 
response to implantable device therapy. The purpose of this chapter is to discuss our 
present understanding of cardiac biomarkers in these settings, with an emphasis on 
emerging data on diverse pathogenic processes associated with arrhythmias. Based 
upon the rapid growth in the number and understanding of biomarkers, there is tre-
mendous potential to assist in the risk stratifi cation and care of patients with cardiac 
arrhythmias. While presently limited in practice, the incorporation of biomarkers 
into routine clinical use may be dependent upon future trials of biomarker panels, or 
biomarkers in combination with functional or imaging studies, to achieve an accept-
able clinical accuracy.  

  Keywords     Biomarkers   •   Atrial fi brillation   •   Sudden cardiac death   •   Cardiac resyn-
chronization therapy   •   B-type natriuretic peptide   •   C-reactive protein   •   Fibrosis   • 
  Stroke  

     Prediction is very diffi cult, especially about the future. –Neils Bohr 

   In clinical medicine, prediction of patients at greater risk for atrial and ventricular 
arrhythmias, and for adverse response to cardiac device therapy is diffi cult. In this 
role, laboratory biomarkers have tremendous potential to more objectively identify 
such patients who may benefi t from more intensive follow-up or therapy. The purpose 
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of this chapter is to discuss the potential role of biomarkers in the clinical care of 
patients with atrial and ventricular arrhythmias and those undergoing device implanta-
tion. Case vignettes from the authors’ clinics are included to illustrate such concepts 
in practice. Due to the broad scope of this chapter, we will focus on major trials in 
biomarkers and cardiac arrhythmias, with additional emphasis on emerging biomark-
ers which address novel pathophysiologic processes. While much of the work in this 
fi eld is not yet incorporated into routine clinical practice, this chapter is intended to 
provide an outlook intro the areas we believe are most promising for either future 
clinical use or informing us about underlying pathophysiologic mechanisms. 

    Biomarkers and Atrial Fibrillation 

 Atrial fi brillation is an arrhythmia characterized by rapid and apparently chaotic acti-
vation of the atria with irregular and often rapid activation of the ventricles. It is the 
most common arrhythmia presenting for clinical care [ 1 ]. Atrial fi brillation is associ-
ated with a spectrum of symptoms including palpitations, tachycardia, fatigue, chest 
pain, and shortness of breath. In addition, it is associated with signifi cant morbidity 
due to stroke and heart failure, and with increased mortality [ 2 ]. Unfortunately, many 
patients present with stroke or heart failure as the fi rst symptom of the arrhythmia. It 
would be clinically useful to identify patients at signifi cant risk of atrial fi brillation 
and to allow earlier diagnosis (and thus earlier treatment) via more intense monitor-
ing. Those at risk could also be targeted for aggressive preventive measures. 

    Atrial Fibrillation Pathogenesis 

 Recent research has shed important insight into the pathogenesis of atrial fi brilla-
tion. Blood-based biomarkers are suitable for evaluating a subset of these. 
Biomarkers presently allow evaluation of ventricular [ 3 ] and atrial stretch [ 4 ], atrial 
fi brosis [ 5 ], and other categories noted in Table  26.1 . However, they have a limited 
role in evaluating other central mechanisms of atrial fi brillation such as pulmonary 
vein ectopy or atrial electrical remodeling, which are better evaluated during elec-
trophysiology study [ 6 ]. Similarly, delayed enhancement magnetic resonance imag-
ing (MRI) is better suited than biomarkers to evaluate atrial structural remodeling 
and to directly localize and quantify atrial fi brosis [ 7 ]. Evaluation of alterations in 
ion channel gene expression is presently limited to the research laboratory.

       Categories of Biomarkers in AF 

 As shown in Table  26.1 , biomarkers related to atrial fi brillation can be broadly cat-
egorized by mechanism: injury/infl ammation, oxidative stress, mechanical stretch, 
myocardial remodeling/fi brosis, thrombosis, and renal insuffi ciency.  
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    Highlighted Studies of Biomarkers in Atrial Fibrillation 

 An important study correlating atrial fi brillation incidence with biomarker levels 
in a community cohort was reported by Schnabel and colleagues [ 8 ]. The authors 
studied 3120 participants from the Framingham Offspring Study and evaluated 
the association between ten biomarkers and incident atrial fi brillation over a 
median 9.7 years of follow-up. Of the markers studied, B-type natriuretic peptide 
(BNP) and C-reactive protein (CRP) were found to be the strongest predictors of 
incident atrial fi brillation. A biomarker score was derived by incorporating BNP 
and CRP concentrations into a risk score comprised of clinical variables. Higher 
tertiles of the biomarker score were highly predictive of atrial fi brillation inci-
dence in both men and women. Additionally, BNP, but not CRP, improved atrial 
fi brillation risk prediction beyond that provided by well-established clinical risk 
factors. 

 A current, clinical need in cardiac electrophysiology regards the identifi cation 
of patients at high risk for atrial fi brillation recurrence after ablation. Hussein and 
colleagues addressed this issue in a recent study, and found that elevated BNP lev-
els are associated with post-procedural atrial fi brillation recurrence [ 9 ]. In this 
study, they followed 726 patients undergoing fi rst-time ablation for lone atrial 
fi brillation. At baseline, BNP concentrations were associated with the burden of 
atrial fi brillation. In addition, patients in the highest quintile of BNP (>126 pg/ml) 
had nearly a six-fold increased risk of atrial fi brillation recurrence over 26 months 
of follow-up compared to those in the lowest quintile, after adjusting for multiple 
covariates.  

    Table 26.1    Partial list of biomarkers in atrial fi brillation   

 Categories  Biomarkers 

 Injury/infl ammation  CRP, IL-6, IL-1β, IL-8, TNF-α, TGF-β, IFN-γ, 
sCD40L, hsTn, GDF-15, SAA 

 Oxidative stress  ROS, NADPH oxidase activity, 
F2-isoprostanes, DROM 

 Renin-angiotensin-aldosterone system 
and other neurohormones 

 Angiotensin II receptors, ACE levels, Copeptin, 
MRpro-ADM 

 Mechanical stress  BNP, NT-proBNP, MR-proANP 
 Myocardial remodeling  PICP, PIIICP, MMPs, Homocysteine, GAL-3, 

sST2 
 Thrombosis  sP-sel, fi brinogen, vWf, platelet factor 4, 

thromboglobulin 
 Renal insuffi ciency  Cystatin C, albumin, creatinine 
 Other  MAP kinases, bradykinin 

   ACE  angiotensin converting enzyme,  BNP  B-type natriuretic peptide,  CRP  C-reactive 
protein,  GDF  growth differentiation factor,  hsTn  highly sensitive cardiac troponin,  IL  interleu-
kin,  MMP  matrix metalloprotein,  MR-proADM  midregional pro-adrenomedullin,  MR-proANP  
midregional pro-atrial natriuretic peptide,  NT-proBNP  N-terminal pro-BNP,  vWF  von Willebrand 
Factor  
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    Recent Work in Atrial Fibrillation and Atrial Fibrosis Biomarkers 

 Biomarkers of atrial fi brosis have also been shown to identify individuals at higher 
risk for atrial fi brillation. In their study of 3306 participants from the Framingham 
Offspring Cohort, Ho and colleagues recently reported that higher circulating 
 concentrations of galectin-3 were associated with an increased risk of developing 
atrial fi brillation over a median follow-up of 10 years [ 10 ]. Future work is required 
to determine whether galectin-3 itself plays a role in atrial fi brillation substrate 
progression. 

 The composition of the extracellular matrix is regulated by matrix metallopro-
teinases (MMPs) and their tissue inhibitors (TIMP). Elevated serum MMP and low 
TIMP levels have been shown to predict incident atrial fi brillation [ 11 ] and atrial 
fi brillation recurrence after ablation [ 12 ]. Going forward, it may be possible to pre-
dict atrial fi brosis with one or more biomarkers, which could someday either sup-
plant or complement the information gleaned from delayed enhancement MRI [ 7 ]. 
Notably, biomarkers have important advantages over MRI such as lower cost, avail-
ability at centers without MRI capability, and objectivity. Disadvantages include the 
lack of spatial information regarding fi brosis distribution which may be useful in 
ablation planning.  

    Stroke Risk in Atrial Fibrillation 

 In addition to the risk of arrhythmias themselves, biomarkers can help identify indi-
viduals at increased risk for stroke. Hijazi and colleagues analyzed data from the 
ARISTOTLE trial of apixaban in atrial fi brillation stroke prevention [ 13 ]. They 
found that N-terminal pro-BNP (NT-proBNP) levels are often elevated in atrial 
fi brillation, and are independently associated with an increased risk of stroke and 
mortality. Future studies are required to evaluate the exciting possibility that bio-
markers may identify a subgroup of patients who may substantially benefi t from 
anticoagulation despite a low clinical risk score for stroke.  

    Clinical Vignette: Patient with AF Seeking Ablation 

    Presentation 

 A 75 year-old woman with hypertension and chronic obstructive pulmonary disease 
(COPD) presents to clinic with atrial fi brillation, which has been present for 3 
months. She has noted increased shortness of breath and heart palpitations. Her 
presenting electrocardiogram (ECG) is shown in Fig.  26.1 . Her initial echocardio-
gram shows a left ventricular ejection fraction (EF) of 42 %. She and her family 
inquire about atrial fi brillation ablation versus medical management.

D.E. Krummen and L.B. Daniels



333

       Clinical Approach 

 The patient is initiated on rate control medications and warfarin anticoagulation. 
After 3 months, her heart rate is 82 beats per minute, and she is now relatively 
asymptomatic, with mild dyspnea on moderate exertion. Physical examination 
shows euvolemia. Repeat echocardiography reveals that her EF has improved to 
52 %, with mild diastolic dysfunction, and her left atrial diameter is 46 mm. Her 
BNP concentration is 132 pg/ml.  

    Clinical Decision-making 

 The decision of whether to proceed with atrial fibrillation ablation is complex, 
incorporating a number of patient-specific factors including symptoms and the 
estimated probability of ablation success. Prior studies have shown that 
increased left atrial volume [ 14 ], atrial fibrillation cycle length ≤142 msec 
[ 15 ], BNP >126 pg/ml [ 9 ], and a high burden of atrial fibrosis [ 7 ] predict poor 
ablation outcome. The patient has mild dyspnea on exertion, but it is unclear 
whether this is due to COPD or the arrhythmia. Her left atrial 2-dimensional 
size by echocardiogram is enlarged, but volume quantification by CT more 
accurately predicts atrial fibrillation recurrence following ablation than does 
echocardiographic measurement [ 16 ]. Because of her elevated BNP and mild 
symptoms, we felt comfortable proceeding with a rate control strategy, rather 
than an ablation. She is now asymptomatic from atrial fibrillation with good 
exercise tolerance after 2 years of follow-up. Importantly, while recent studies 

  Fig. 26.1    Presenting electrocardiogram showing atrial fi brillation with rapid ventricular response 
(rate 135 beats per minute)       
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have shown BNP to predict stroke risk [ 13 ,  17 ], it has not been incorporated 
into guidelines for anticoagulation in atrial fibrillation. She was started on war-
farin due to a CHA2DS2-VASc score of 4 (age (2 points), hypertension (1 
point), and female gender (1 point)).  

    Discussion 

 In this case, biomarkers helped inform the decision to pursue rate control versus 
rhythm control in a patient with marginal symptoms. While this decision was not 
entirely based upon biomarker levels, the elevated BNP provided an objective deter-
mination that she would have a lower probability of ablation success, and helped her 
to decide to pursue rate control.   

    Atrial Fibrillation Biomarkers Summary 

 In summary, multiple studies have shown an association between various biomark-
ers and risk of atrial fi brillation incidence, recurrence following ablation, and 
stroke. Despite this, biomarkers are not presently widely used for this purpose out-
side of the research setting. This is due in large part to the suboptimal performance 
of markers when used on an individual patient level. Additionally, studies have 
shown that factors such as body mass [ 18 ] and the presence of atrial fi brillation [ 19 ] 
impact the diagnostic cutpoints and performance of biomarkers. Alternative modal-
ities are also available to evaluate atrial fi brillation risk, including CT and late-
enhancement MRI (showing the burden of atrial fi brosis), and ECG data such as P 
wave duration. In the future, combining multiple biomarkers that refl ect distinct 
pathologic processes, or combining biomarkers with imaging or functional data 
from ECG, may provide the increased predictive accuracy necessary to bring bio-
markers to clinical practice.   

    Biomarkers in Ventricular Arrhythmias and Sudden Cardiac 
Death 

 There are over 700,000 sudden cardiac deaths per year in the United States and 
Europe, predominantly due to ventricular tachycardia and ventricular fi brillation 
[ 20 ]. Unfortunately, the majority of events occur in low-risk populations not pre-
dicted by a left ventricular EF less than 35 % [ 21 ], the central criterion used to 
determine eligibility for a primary-prevention implantable cardioverter defi brilla-
tor (ICD). 
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    Pathogenesis of Ventricular Arrhythmias and Biomarkers 

 Table  26.2  lists multiple biomarkers of various pathological processes involved in 
the pathogenesis of ventricular arrhythmias. As in atrial fi brillation, biomarkers 
address a subset of known contributing factors, such as infl ammation, myocardial 
stress, remodeling, and fi brosis; other diagnostic modalities are currently required 
to assess alternative pathologic processes. These processes (and the diagnostic tests 
used to assess for them) include: abnormal calcium handling (T-wave alternans 
[ 22 ]), conduction abnormalities (signal-averaged ECG [ 23 ]), ventricular ectopy 
(Holter monitoring [ 24 ]), scar distribution (delayed enhancement MRI [ 25 ]), genetic 
abnormalities (ECG, genetic testing), pro- arrhythmic substrate alterations (electro-
physiology study [ 26 ]) and ischemia (echocardiographic or nuclear stress testing). 
Thus, laboratory biomarkers can presently provide only a limited assessment of 
sudden cardiac death risk.

       Highlighted Studies of Biomarkers in Ventricular Arrhythmias 

 Berger and colleagues were among the fi rst to show that elevated BNP concentra-
tions predict risk of sudden cardiac death (SCD) among patients with chronic heart 
failure [ 27 ]. In this study of 452 patients with a left ventricular EF of 35 % or less, 
those with a BNP of 130 pg/mL or higher had only an 81 % rate of sudden-death 
free survival at 3 years, compared to a rate of 99 % among those with BNP below 
that cutpoint. Subsequently, a prospective study by Tapanainen et al. of 521 patients 
with acute myocardial infarction found that after a mean follow-up of 43 months, 
only BNP and low EF were signifi cant predictors of sudden cardiac death, with 
elevated BNP ≥23 pg/ml being the most powerful predictor (hazard ration 4.4) [ 28 ]. 

 More recently, Francia et al. assessed whether plasma osteopontin and galectin-3 
predicted the risk of sustained ventricular tachycardia/ventricular fi brillation in a small 
cohort of 75 heart failure patients with ICDs [ 29 ]. They found that osteopontin >74 ng/ml 

   Table 26.2    Partial list of biomarkers with an association with risk of ventricular arrhythmias   

 Categories  Biomarkers 

 Infl ammation  CRP, IL-6, IL-8, sCD40L 
 Myocardial stress  BNP, NT-proBNP 
 Myocyte damage  TnI, TnT 
 Remodeling  PICP, PIIICP, MMP, TIMP 
 Metabolic  Trans-18:1 oleic acid, trans-18:2 oleic acid, MMP 
 Renal  Cystatin-C 
 MicroRNAs  miRNA-1, miRNA-133 
 Fibrosis  Osteopontin, Galectin-3, ST2 
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and galectin-3 > 17 ng/ml were associated with lower arrhythmia-free survival in this 
high-risk cohort even after adjusting for clinical factors including EF. Larger studies are 
required to determine whether these biomarkers improve the prediction of sudden car-
diac death when used in conjunction with conventional risk factors.  

    Combinations of Biomarkers and SCD 

 In an interesting substudy of the MUSIC trial of ambulatory heart failure patients, 
Pascual-Figal and colleagues evaluated 36 cases of SCD and 63 control patients 
matched for age, sex, and left ventricular EF [ 30 ]. They found that soluble ST-2 and 
NT-proBNP both predicted patients at risk for sudden death. Notably these two 
biomarkers provided independent and complementary information, and patients 
with elevated levels of both biomarkers were at substantial risk (~70 %) of SCD.  

    SCD in the General Population 

 Empana and colleagues evaluated 9771 asymptomatic European men from the 
PRIME study, a multicenter prospective cohort designed to identify risk factors for 
coronary heart disease, and measured high sensitivity CRP, fi brinogen, and IL-6 
concentrations [ 31 ]. Of these, IL-6 > 0.48 pg/ml was an independent predictor of 
sudden death, with a hazard ratio of 3.06 compared with subjects with the lowest 
tertile of IL-6 (≤0.06 pg/ml). Neither of the other two markers were signifi cant 
predictors of SCD. Future work is required to determine if IL-6 is involved in mech-
anisms which contribute to arrhythmia risk, and if this can be translated into a clini-
cally actionable tool.  

    Biomarkers of Renal Insuffi ciency 

 Recently, renal biomarkers have also been evaluated for their ability to improve sud-
den cardiac death risk prediction. Cystatin C, a marker of kidney dysfunction, was 
found by Deo and colleagues to be independently associated with sudden cardiac 
death risk [ 32 ] in an analysis of 4465 elderly participants from the Cardiovascular 
Health Study without prevalent cardiovascular disease at baseline. Notably cystatin 
C, but not estimates of renal function based upon creatinine levels, remained inde-
pendently predictive of sudden death after adjusting for traditional risk factors. The 
authors suggest that the association between cystatin C and SCD is mediated by 
kidney dysfunction, which may alter the electrophysiological properties of the myo-
cardium and increase the risk for SCD even in individuals with only mild renal 
impairment and with no clinical evidence of cardiovascular disease.  
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    Summary of Biomarkers and Ventricular Arrhythmias/SCD 

 In summary, several biomarkers have shown an association with increased risk of 
ventricular arrhythmias and SCD. As with atrial fi brillation, they are not widely 
used clinically at this time, however studies of combinations of biomarkers have 
been promising. Alternatively, biomarkers in combination with other modalities 
such as T wave alternans, electrophysiology study, signal-averaged ECG (similar to 
preliminary work by Yamada and colleagues [ 33 ]), or scar imaging via CT or MRI 
may provide the required positive predictive value and negative predictive values 
that can ultimately lead to widespread clinical acceptance.   

    Biomarkers to Predict Adverse Response to Device Therapy 

 Implantable devices such as pacemakers are commonly used in the treatment of 
symptomatic bradycardia. Beyond simple pacemakers, patients with congestive 
heart failure, low EF, and conduction system disease, particularly left bundle branch 
block, may require cardiac resynchronization therapy (CRT), which involves pacing 
both the left and right ventricles to improve ventricular effi ciency [ 34 ]. It would be 
clinically useful to predict patients at risk for poor response to device therapy, to 
allow closer monitoring, more aggressive medical therapy, and earlier referral for 
advanced heart failure interventions such as left ventricular assist device or 
transplantation. 

    Pathogenesis of Heart Failure Associated with Device Therapy 

 As shown in Table  26.3 , biomarkers are suited to evaluate a number of pathophysi-
ologic processes associated with device therapy-induced development of heart fail-
ure. Other factors include electrical dyssynchrony (assessed by ECG [ 35 ]), 
mechanical strain (assessed by speckle tracking on echocardiography [ 36 ]), scar 
distribution (assessed by sestamibi perfusion imaging and other modalities [ 37 ]), 
and lead positioning (assessed by chest radiography [ 38 ]).

  Table 26.3    Partial list of 
biomarkers in device therapy 
and CRT  

 Categories  Biomarkers 

 Infl ammation  CRP, IL-6 
 Myocardial stress  BNP, NT-pro BNP, ANP 
 Myocyte damage  TnI, TnT 
 Remodeling  PICP, PIIICP, MMP-9, TIMP-1 
 Fibrosis  Galectin-3 
 Renal  Cystatin-C 
 Other  GDF-15, Annexin A5, OPN 
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       Adverse Response to Pacemaker Therapy 

 A certain proportion of patients undergoing pacemaker implantation will experi-
ence adverse left ventricular remodeling and heart failure, likely due at least in part 
to dyssynchrony induced by extensive pacing of the right ventricle. Chwyczko and 
colleagues randomized 31 patients with pacemakers implanted to treat sinus node 
dysfunction to either standard therapy, or to an algorithm designed to reduce the 
amount of right ventricular pacing [ 39 ]. Comparing exercise tolerance, left ven-
tricular EF, and BNP concentrations between the two study arms, they found that 
plasma BNP concentrations rose were higher in the group with more right ventricu-
lar pacing, and were correlated with worsening exercise tolerance and heart failure 
symptoms. Future studies are required to determine if routine BNP testing improves 
upon physical examination, symptoms, and routine management in the identifi ca-
tion of patients with pacemaker-mediated cardiomyopathy.  

    Non-responders to CRT 

 Despite signifi cant advances in our understanding of optimal implantation tech-
niques, approximately 30 % of patients will have a suboptimal response to CRT [ 40 , 
 41 ]. Because of the signifi cant risks and costs associated with this therapy, it would 
be advantageous to identify patients at risk for nonresponse to better inform patient 
selection. Furthermore, identifi cation of patients with suboptimal response early 
after implant may prompt consideration of more advanced heart failure therapies 
such as left ventricular assist device or cardiac transplantation.  

    Highlighted Studies in Biomarkers and CRT 

 Pitzalis and colleagues studied the prognostic value of BNP in the management of 
patients receiving CRT [ 42 ]. They found that patients with elevated BNP levels 1 
month following CRT implantation had signifi cantly worse prognosis. Specifi cally, 
a BNP level >91.5 pg/ml had 89 % sensitivity and 59 % specifi city for HF progres-
sion after 12 months. The authors concluded that such patients should be considered 
for more intensive medical management and referral for advanced heart failure 
therapies. 

 More recently, Marfella and colleagues evaluated mRNA expression and 
response to CRT [ 43 ]. In 81 heart failure patients who were eligible for CRT, they 
screened 84 microRNA (miRNA) candidates and found that increased expression of 
fi ve mRNAs (p < 0.01 for all) predicted favorable response to CRT. The authors con-
cluded that miRNA profi ling can provide objective evaluation of disease severity 
and therapeutic response to CRT in patients with heart failure. Furthermore, they 
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proposed that screening for genetic polymorphisms in miRNA–mRNA regulatory 
pathways may enable physicians to tailor personalized therapies for such patients in 
the future.  

    Clinical Vignette: Patient with Heart Failure and Left Bundle 
Branch Block 

    Presentation 

 A 46 year-old man with nonischemic cardiomyopathy, EF 25 %, NYHA class III 
heart failure symptoms, and left bundle branch block presented to clinic for man-
agement. He had been treated with optimal medical therapy including maximum 
doses of beta blocker and ACE inhibiter for more than 9 months, and underwent 
successful CRT implantation with favorable left ventricular lead positioning in the 
mid-lateral left ventricle (Fig.  26.2 , red arrow). Three months later, he presents with 
fatigue, dry cough, and progressive dyspnea on exertion. He gives a history of sick 
contacts, and believes he has caught the same cold that his wife had last week. 
Physical examination is diffi cult due to the patient’s obese body habitus, and jugular 
venous pressure cannot be accurately determined. Lung and heart sounds are dis-
tant. He is tachycardic with a regular rhythm but frequent premature beats, and no 
audible S3. The extremities are slightly cool to palpation with trace pedal edema. 
Laboratory evaluation is notable for an elevated white blood cell count without a left 
shift, and a BNP of 528 pg/ml. Chest X-ray shows likely interstitial edema versus 
atypical pneumonia.

       Clinical Approach 

 Although the history could suggest either a respiratory or a cardiovascular etiology 
for the patient’s current decompensation, physical examination, chest X-ray, and the 
BNP level are most consistent with fl uid overload. Device interrogation shows nor-
mal CRT function, but a relatively low percentage of biventricular pacing (85 %, 
compared with a goal of 98 % or greater [ 44 ]), due to frequent ectopy. The patient is 
admitted for CHF management.  

    Clinical Decision Making 

 Over the next few months, a number of interventions are attempted to improve the 
patient’s heart failure and response to CRT. First, ablation of the premature ven-
tricular complex source is successfully performed, which increases the percent of 
biventricular pacing to 96 %. The patient experiences a slight improvement in symp-
toms, but subsequently has a repeat heart failure exacerbation. He is then sent for a 
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cardiac resynchronization echocardiogram, in which CRT pacing timings are 
adjusted to potentially optimize individual response to CRT [ 45 ]. No signifi cant 
benefi t is noted, and shortly thereafter the patient again presents with fl uid overload, 
elevated BNP (1102 pg/dl), and decreased LV function (EF 18 %), and requires 
intravenous inotropic support. He is ultimately referred for left-ventricular assist 
device implantation, and is presently listed for transplantation.  

    Discussion 

 With respect to biomarkers, the initial elevated BNP was helpful in distinguishing 
a heart failure exacerbation from an upper respiratory infection, though it could be 
argued that physical examination and chest X-ray may have been suffi cient. In 
reality, and especially in obese patients such as this one, physical signs can be 
challenging. The elevated BNP also identifi ed this patient as likely to be a poor 
responder to CRT therapy, prompting consideration of further interventions such 
as more aggressive medical therapy, ventricular ectopy ablation, resynchroniza-
tion echocardiography, and eventually referral for a left ventricular assist device. 
In this case, although the biomarkers may have contributed to diagnosis and risk 
assessment, a number of other clinically relevant factors were also taken into con-
sideration when generating the patient’s action plan. As such, this case illustrates 
a central barrier to routine recommendation of biomarker use in assessment of 
response to device therapy – lack of data showing additional benefi t above and 
beyond standard practice.   

  Fig. 26.2    Chest X-ray showing CRT device with favorable LV lead positioning ( red arrow )       
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    Summary of Biomarkers and Device Therapy 

 In summary, biomarkers have been shown to help predict which patients are at 
increased risk of nonresponse to both standard pacemakers and CRT. Interesting 
new work shows that evaluation of miRNAs which regulate the expression of genes 
governing adaptive and maladaptive cardiac remodeling may provide clinical 
insight into the outcomes of such patients, and may eventually lead to personalized 
therapy. However, routine clinical use of biomarkers, including miRNAs, to drive 
decisions about device therapy remains elusive; future work is required to illustrate 
the optimal strategy to incorporate such tests into practice.   

    Conclusions 

 As noted in the opening quotation by Neils Bohr, predicting future events is diffi -
cult. Recent advances in our understanding and use of cardiac biomarkers may 
facilitate this process, and allow more accurate prediction of patients at risk for 
atrial and ventricular arrhythmias, and identifi cation of individuals at risk for 
adverse response to device therapy. Additional trials are required to show the clini-
cal utility of routine use of biomarkers in such clinical settings.     
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    Chapter 27   
 Biomarkers in Cardio-Renal Dysfunction                     

     Nicholas     Phreaner      ,     Alex     Pearce     , and     Alan     S.     Maisel    

    Abstract     In cardiorenal syndrome (CRS), cardiac and renal dysfunction coexist, 
creating a complex clinical picture. This commonly encountered scenario is associ-
ated with increased morbidity and mortality. Cardiorenal biomarkers are emerging 
as a tool to help defi ne CRS pathophysiology and direct patient care. Emerging 
novel biomarkers such as neutrophil gelatinase-associated lipocalin (NGAL), cys-
tatin C (CysC), kidney injury molecule-1 (KIM-1), and proenkephalin (pro-ENK) 
can help identify renal impairment earlier, further delineate etiology and potentially 
guide treatment in the future. In this chapter, we will discuss cardio-renal syndrome, 
defi nitions of renal injury, the limitations of creatinine as a biomarker, and new 
biomarkers for cardio-renal dysfunction.  

  Keywords     Cardio-renal syndrome   •   Acute kidney injury   •   Creatinine   •   Neutrophil 
gelatinase-associated lipocalin (NGAL)   •   Cystatin C (CysC)   •   Proenkephalin (pro- 
ENK)   •   Kidney injury molecule-1 (KIM-1)   •   Heart Failure   •   Cardiorenal biomarkers  

      Case Report 

 A 63-year-old man presents to the emergency department with acute dyspnea. He 
has a history of hypertension, hyperlipidemia and heart failure with preserved ejec-
tion fraction. He has mild chronic kidney disease (CKD) stage II and his baseline 
creatinine is 1.2 mg/dL. The patient has normal temperature and blood pressure. His 
heart rate is 94 beats per minute, respiratory rate is 18 breaths per minute and he is 
sating 89 % on room air. His exam is signifi cant for warm extremities, elevated 
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jugular venous distention and bilateral crackles at the bases of his lungs. His initial 
laboratory results show a creatinine of 1.8 mg/dL and B-type natriuretic peptide 
(BNP) of 837 ng/mL (Table  27.1 ). The patient is admitted to the hospital for acute 
decompensated heart failure (ADHF) and acute kidney injury (AKI).

   On hospital day one, the patient is treated with intravenous diuretics and his 
outpatient angiotensin converting enzyme (ACE) inhibitor is held. The patient has 
3.5 l of urine output over 24 h and has symptomatic improvement in dyspnea and 
decreased supplemental oxygen requirements. An echocardiogram shows an ejec-
tion fraction of 48 % (previously 62 %). A low dose beta-blocker is initiated and the 
patient tolerates this medication well. 

 On hospital day two, the patient’s creatinine is noted to be elevated above his 
admission value and his diuretic dose is reduced by half. Over the course of hospi-
talization, the patient is slowly decongested with intravenous diuretics and is transi-
tioned to oral loop diuretics prior to discharge. Due to improvement in respiratory 
status and return to the patient’s dry weight, the patient is discharged on hospital day 
5 with new prescriptions for a diuretic and beta-blocker. He is told to follow up with 
his cardiologist in clinic. Because of the AKI during the admission, his ACE inhibi-
tor is held upon discharge. 

 In clinic 3 weeks after discharge, the patient’s weight has increased by 3 lb and 
though the patient does not describe dyspnea, he reports decreased exercise toler-
ance. Labs are repeated and are notable for a BNP of 415 ng/mL and a creatinine of 
1.3 mg/dL. His diuretic dose is increased and a low dose ACE inhibitor is initiated.  

   Table 27.1    Case report selected history, medication list and laboratory results   

 Past medical history  Hypertension 
 Hyperlipidemia 
 Heart failure with preserved ejection 
fraction 

 Prior to admission medications  Atorvastatin 20 mg daily 
 Lisinopril 10 mg daily 

 Discharge medications  Atorvastatin 20 mg daily 
 Furosemide 20 mg oral twice daily 

 Clinic medications  Atorvastatin 20 mg daily 
 Furosemide 40 mg twice daily 
 Lisinopril 5 mg daily 

  Test (Reference range)    Baseline    Admission    24 h    Discharge    Clinic  
 Creatinine (0.7–1.4 mg/dL)  1.2  1.8  1.9  1.5  1.3 
 BNP (<100 pg/mL)  212  837  –  358  415 
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    Introduction 

 Renal and cardiac functions are intricately connected. Physiologically, the heart and 
kidney work together to ensure adequate systemic perfusion. The heart is sensitive 
to hemodynamic changes and the kidney plays a central role in maintaining intra-
vascular volume. 

 The relationship between heart failure and renal dysfunction is complex and is 
encompassed under the defi nition of cardiorenal syndrome (CRS). CRS is com-
monly encountered in clinical practice and is correlated with signifi cantly increased 
morbidity and mortality. Studies show a signifi cant increase in ≥1 year mortality in 
patients with heart failure (HF) and moderate to severe renal impairment [ 1 ]. 
Additionally, in patients admitted for ADHF, decreased renal function present at 
admission and progressive decline in renal function during hospitalization are both 
associated with prolonged length of stay and poor outcomes [ 2 ,  3 ]. 

 The association between cardio-renal dysfunction and increased mortality makes 
early identifi cation important in clinical management. Cardiorenal biomarkers are 
emerging as a tool to help defi ne CRS pathophysiology and direct patient care. BNP 
and N-terminal pro-B-type natriuretic peptide (NT-proBNP) are well established as 
useful tools for the diagnosis and treatment of heart failure. Likewise, creatinine is 
routinely used as a marker of renal function in most settings. These traditional bio-
markers, however, cannot identify the underlying cause of cardiorenal syndrome. 
Novel biomarkers, such as cystatin C (CysC), kidney injury molecule-1 (KIM-1), 
proenkephalin (pro-ENK), and neutrophil gelatinase-associated lipocalin (NGAL) 
are emerging as useful tools in earlier detection of renal impairment and delineating 
the underlying cardiorenal pathophysiology. In this chapter, we will discuss cardio- 
renal syndrome, defi nitions of renal injury, the limitations of creatinine as a bio-
marker, and new biomarkers for cardio-renal dysfunction.  

    Cardio-Renal Syndrome 

 The heart and the kidney are closely linked through a myriad of complex interac-
tions. Damage of one organ, heart or kidney, can subsequently lead to dysfunction 
in the other. There is a cyclical relationship between cardiac and renal function. In 
the acute setting, poor cardiac function and reduced stroke volume leads to decreased 
renal perfusion. Decreased renal perfusion results in the activation of compensatory 
neurohormonal systems. The sympathetic nervous system and the renin- angiotensin- 
aldosterone system (RAAS) trigger renal arteriolar vasoconstriction and promote 
increased sodium retention. These mechanisms function to maintain plasma volume 
and preserve organ perfusion. However, increased fl uid volume creates additional 
cardiac stress. Additionally, increased venous backfl ow can also lead to renal con-
gestion and changes in renal structure and function. 

 Cardiorenal syndrome is subdivided into fi ve categories (Fig.  27.1 ) [ 4 ]. Four cat-
egories are based on chronicity, acute versus chronic, and the organ affected fi rst, 
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heart or kidney. A fi fth category of cardiorenal syndrome encompasses simultane-
ous cardiac and renal dysfunction as a product of a systemic insult.

   In CRS type 1 (Acute cardiorenal syndrome) and CRS type 2 (Chronic cardiore-
nal syndrome) there is primary cardiac dysfunction. In CRS type 1 acute decompen-
sated heart failure leads to AKI. Both decreased renal perfusion as a result of 
decreased cardiac output and renal congestion due to increased central venous pres-
sure lead to renal injury. CRS type 1 is extremely common. In patients with HF, AKI 
complicates approximately 1 in 4 hospital admissions [ 5 ]. 

 Type 2 CRS (Chronic cardiorenal syndrome) occurs when chronic cardiac dys-
function leads to progressive kidney disease. Progressive chronic kidney disease 

  Fig. 27.1    Types and pathophysiology of cardiorenal syndrome.  AKI  Acute kidney injury,  Ca/P  
Calcium/phosphorous,  CHF  Congestive heart failure,  ADHF  Acute decompensated heart fail-
ure,  CKD  Chronic kidney disease,  GFR  Glomerular fi ltration rate,  HF  heart failure,  RAA  Renin- 
angiotensin- aldosterone,  CO  Cardiac output (Adapted from Ronco et al. [ 27 ], with 
permission)       
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resulting from chronic cardiac dysfunction can, in part, be attributed to long-term 
diminished renal perfusion, subclinical infl ammation, and subsequent vascular 
damage. Similar to CRS type 1, renal congestion also appears to contribute to renal 
damage in type 2 CRS. 

 In CRS type 3 (Acute reno-cardiac syndrome), an abrupt decline in renal func-
tion leads to acute cardiac decompensation. Acute tubular necrosis (ATN), acute 
pyelonephritis, and urinary obstruction are all examples of processes that can lead 
to an abrupt decrease in renal function. RAAS activation to compensate for ongoing 
renal dysfunction enhances vasoconstriction and promotes fl uid retention, increas-
ing blood pressure and cardiac work, predisposing the heart to acute  decompensation. 
The development of AKI in a patient with a history of heart failure also affects 
management. For example, when a chronic HF patient develops AKI physicians 
will often abruptly stop HF medications such as diuretics and ACE inhibitors to 
prevent additional renal injury but at the same time create a predisposition for acute 
cardiac decompensation. 

 In CRS type 4 (Chronic reno-cardiac syndrome), chronic kidney disease leads to 
cardiac dysfunction. There is a strong correlation between end-stage renal disease 
and cardiovascular disease. Chronic infl ammatory changes secondary to volume 
overload, uremia, acidemia as well as accelerated atherosclerosis are all implicated 
as possible mechanisms adversely affecting the heart. 

 Physician perceptions of patients with both advanced renal disease and chronic 
cardiovascular disease are also important. Studies suggest that patients with end- 
stage CKD were less likely to receive medications such as aspirin, beta-blockers, or 
ACE inhibiters after myocardial infarction, despite evidence that mortality was 
similar between CKD patients and non-CKD patients receiving similar treatment 
regimens [ 6 ]. Although many of these medications need to be appropriately titrated 
for renal disease, they can still be safely administered. 

 Lastly, CRS type 5 (Secondary cardiorenal syndrome) encompasses concomitant 
renal and cardiac dysfunction as a result of a systemic disorder. Systemic diseases 
may include diabetes, sepsis, and vasculitis.  

    Creatinine and AKI 

    Acute Kidney Injury 

 Type 1 CRS, primary cardiac dysfunction leading to AKI, is the most commonly 
encountered type of cardiorenal syndrome. Understanding the defi nition of AKI is 
important in evaluating biomarkers for cardiorenal syndrome. There are several dif-
ferent classifi cations of AKI. The two most commonly utilized criteria are RIFLE 
(risk of renal dysfunction; injury to the kidney; failure of kidney function, loss of 
kidney function and End-stage kidney disease) and AKIN (Acute Kidney Injury 
Network). 
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 In order of increasing severity, the RIFLE Criteria divide patients into fi ve 
cohorts (risk, injury, failure, loss, and ESRD) [ 7 ]. Risk is defi ned as an increase in 
serum creatinine ≥1.5× baseline or a decrease in GFR ≥25 %. Injury is indicated by 
an increase in serum creatinine ≥2.0× baseline or decrease in GFR ≥50 %. A rise in 
serum creatinine ≥3.0x baseline, a decrease in GFR ≥75 %, or a serum creatinine 
≥4 mg/dl with an acute rise from baseline of ≥0.5 mg/dl is classifi ed as failure. Loss 
of kidney function is defi ned as acute renal failure (ARF) for >4 weeks. Finally, 
ESRD is a complete loss of kidney function >3 months. 

 The AKIN Criteria is similar to RIFLE with a few adjustments. The AKIN 
Criteria divides declining kidney function into three stages. AKIN Stage 1 defi nes 
AKI as an increase in serum creatinine ≥1.5× baseline as well as an increase 
≥0.3 mg/dL from baseline within the fi rst 48 h. Similar to the RIFLE defi nition of 
injury, AKIN Stage 2 is defi ned by an increase in serum creatinine ≥2× baseline. 
AKIN stage 3 correlates with RIFLE failure but also includes patients that require 
initiation of renal replacement therapy (RRT) [ 8 ]. Urine output parameters are 
addressed as separate criteria in both classifi cation systems. A decrease in urine 
output <0.5 m/kg/h for more than 6 h defi nes AKI. However, urinary tract obstruc-
tion must also be excluded.  

    Limitations of Creatinine 

 There are several limitations to the classifi cation schemes for AKI. AKI criteria are 
best applied to a patient with optimal volume status, which presents a challenge in 
the HF patient population. Additionally, both criteria heavily rely on serum creati-
nine, a marker that comes with its own set of limitations. 

 Creatinine is affected by age, gender, muscle mass, and hydration status. 
Creatinine only begins to rise when greater than 50 % of GFR is lost and once a 
steady state is reached [ 9 ]. Thus, creatinine cannot detect ongoing, dynamic changes 
in kidney function. Creatinine can also overestimate and underestimate GFR, 
depending on the clinical scenario. Creatinine is freely fi ltered by the glomerulus, 
but is also secreted at variable rates. In early kidney injury, especially during the 
fi rst several days, creatinine secretion is increased, thus creatinine overestimates 
GFR [ 10 ]. In addition, as creatinine reaches substantially high levels, it less accu-
rately correlates with GFR. Although creatinine is well known, extensively 
researched, and easily accessible, there are limitations in its role as a biomarker for 
renal function. These limitations have sparked interest in novel biomarkers in car-
diorenal dysfunction.   
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    Novel Biomarkers in Cardio-Renal Syndrome 

 The rapid diagnosis and treatment of CRS is important for improving outcomes, 
however, there are limitations to diagnosing CRS with history and physical exam 
alone. An ideal biomarker for AKI in the setting of acute or chronic heart failure 
would be sensitive and specifi c in its role of identifying the location of renal 
injury, establishing chronicity, etiology, prognosis and response to treatment. At 
this time, no single ideal biomarker exists, rather, a panel of biomarkers may soon 
be used to piece together a better understanding of a patient’s cardio-renal status 
(Fig.  27.2 ).

      Neutrophil Gelatinase-associated Lipocalin 

 Neutrophil gelatinase-associated lipocalin (NGAL) is a 25-kDa transport protein 
that is expressed by neutrophils and other epithelial cells. Although expressed in 
many human tissues, NGAL is signifi cantly upregulated in the kidney in response 
to structural tubular damage [ 11 ]. Serial measurements of NGAL could monitor for 
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  Fig. 27.2    Proposed algorithm for acute cardiorenal dysfunction.  BNP  B-type natriuretic peptide, 
 Cr  Creatinine,  AHF  Acute Heart Failure,  CRS  Cardio-renal syndrome,  AKI  Acute kidney injury, 
 CysC  Cystatin C,  NGAL  Neutrophil gelatinase-associated lipocalin,  pro-ENK  Proenkephalin, 
 KIM-1  Kidney injury molecule-1       
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renal injury associated with therapeutic interventions, such as diuretics used in the 
treatment of ADHF. NGAL can also identify ongoing renal damage earlier than 
creatinine. In early AKI, NGAL can be easily measured in the urine and serum 
48–72 h before a rise in creatinine. The utilization of NGAL to quickly detect AKI 
could play a key role in the diagnosis and management of CRS type 1 and 3. 

 Most research on NGAL has focused on early detection of AKI. In a meta- 
analysis, NGAL achieved an area under the receiver-operating curve (AUC-ROC) 
of 0.782 in the detection of AKI in adults across all settings including cardiac sur-
gery, critically ill patients, and after contrast infusion [ 12 ]. In addition, admission 
levels of serum NGAL were able to predict the development of worsening renal 
function in patients admitted with ADHF [ 13 ]. This was especially true in patients 
that presented with preserved renal function at admission, representing patients 
with CRS type 1. These studies depict a future role for NGAL in establishing renal 
dysfunction on admission and monitoring for early renal injury during hospitaliza-
tion for heart failure. 

 In addition to detecting AKI, NGAL has prognostic utility. Elevated NGAL has 
been shown to have prognostic utility in patients even in the setting of normal cre-
atinine. In a meta-analysis of critically ill patients, elevated NGAL was associated 
with increased risk of subsequent renal replacement therapy initiation and increased 
hospital mortality compared to patients with normal creatinine and normal NGAL 
levels [ 14 ]. In addition, plasma NGAL measured at discharge in patients admitted 
with ADHF was a strong prognostic indicator of 30-day outcomes. Patients that had 
elevations in both NGAL and BNP were at particularly high risk [ 15 ]. Within the 
setting of CRS, NGAL could be used to establish early subclinical renal injury and 
identify patients at higher risk for progressive renal dysfunction, possibly leading to 
therapeutic changes and improved outcomes. Although more trials are needed to 
establish the clinical usefulness of NGAL, it appears to add additional clinical 
information to more traditional biomarkers in establishing the diagnosis and prog-
nosis of CRS.  

    Cystatin C 

 Unlike NGAL, Cystatin C (CysC) it is not a marker of tubular damage but rather a 
biomarker that correlates with GFR, similar to creatinine. CysC is produced by all 
nucleated cells, is freely fi ltered by the glomerulus and is not secreted by the 
tubules. CysC garners advantage over creatinine because it does not appear to be 
infl uenced by age, gender or muscle mass, which suggests that it could be a better 
predictor of GFR in certain patient populations [ 16 ]. CysC is also advantageous 
because it can identify AKI earlier. CysC has been shown to rise 24–48 h prior to 
creatinine in AKI [ 17 ]. 

 In addition to being a stand-alone or supplemental biomarker to assess renal 
function, CysC has been shown to have prognostic value in heart failure and 
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CRS. Relatively small raises in CysC during the fi rst 48 h of hospitalization in 
patients admitted with ADHF was associated with increased length of stay and was 
shown to be an independent predictor of 90 day mortality [ 18 ]. The independent 
prognostic value of CysC may be due to its superior ability to detect small changes 
in GFR. However, the ability of CysC to estimate GFR has recently been under 
scrutiny. In an analysis of 1621 middle-aged patients from the general population, 
CysC was not better than creatinine at estimating GFR [ 19 ]. 

 More studies are needed to establish a defi nitive role for CysC as a biomarker in 
CRS, however current evidence would support the use of a marker of renal function 
such as CysC in addition to markers of renal injury in a future kidney biomarker 
panel.  

    Kidney Injury Molecule-1 

 Kidney injury molecule-1 (KIM-1) is a transmembrane protein that is highly 
expressed in undifferentiated proximal tubule epithelial cells in response to isch-
emic or toxic injury. Urinary KIM-1 has been shown to be elevated in patients with 
ischemia induced acute tubular necrosis but not in patients with CKD or other 
causes of AKI [ 20 ]. KIM-1 could be used to identify the etiology of kidney injury 
and also establish chronicity, thus differentiating type 3 and type 4 CRS. 

 In a study that looked at biomarker responsiveness to cessation and reinitiation 
of loop diuretic therapy, KIM-1 appeared to refl ect subclinical renal dysfunction in 
response to diuretic discontinuation. In patients with chronic heart failure at pre-
sumed euvolemia, urinary KIM-1 and urinary N-acetyl-beta-D-glucosaminidase 
(NAG) levels were collected after discontinuation of baseline diuretic therapy and 
again after reinitiation of diuretics. Both urinary KIM-1 and urinary NAG levels 
increased signifi cantly after diuretics were held and returned to baseline levels after 
diuretic reinitiation [ 21 ]. Creatinine levels remained unchanged during the study. 
This would suggest venous congestion plays a role in subclinical renal dysfunction 
and emphasizes a place in clinical practice for the use of tubular injury biomarkers, 
such as KIM-1, in the early detection of type 1 CRS. Early results are promising, but 
larger clinical studies are needed to further establish the clinical utility of KIM-1.  

    Proenkephalin 

 Enkephalins are endogenous opioids found in various organ systems that modulate 
many processes related to cellular and physiological stress. Proenkephalin A 119–
159 (pro-ENK) is a stable precursor fragment of proenkephalin A and acts as a sur-
rogate biomarker for enkephalins [ 22 ]. Pro-ENK is elevated in the setting of renal 
disease and accumulates with decreasing GFR. Recent studies suggest that Pro- 
ENK may also be a marker of the infl ammatory processes that cause AKI. Pro-ENK 
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has been shown to correlate closely with creatinine in cardiac surgery patients and 
to be elevated preoperatively in patients that go on to develop postoperative AKI 
[ 23 ]. In addition to predicting patients that are at risk for AKI, serial monitoring of 
pro-ENK throughout admission may refl ect ongoing insults to the cardiorenal sys-
tem, for instance factors leading to decompensation or from therapeutic interven-
tions. In patients admitted after acute myocardial infarction, pro-ENK levels 
correlate with GFR, cardiac function and poor outcomes, but not with infarct size as 
determined by troponin elevation [ 24 ]. As a biomarker for cardiorenal syndrome, 
pro-ENK may prove to have utility in predicting risk and prognosis in AKI and 
cardiorenal syndrome although more studies are needed to fully establish the clini-
cal utility of pro-ENK as a biomarker in cardiorenal disease.  

    Natriuretic Peptides 

 The physiologic interactions between cardiac and renal systems are intricate, and 
likewise, the relationship between natriuretic peptides and renal dysfunction is com-
plex. Patients with CKD tend to have increased intravascular volume, elevated 
blood pressure, and increased ventricular mass, which can all lead to physiologic 
elevations in BNP and NT-proBNP. Though higher cutoffs have been suggested in 
patients with GFR <60 mL/min/1.7 m 2 , natriuretic peptides retain sensitivity and 
specifi city in the diagnosis of heart failure and are powerful predictors of prognosis 
in patients with CKD [ 25 ,  26 ]. When combined with biomarkers of renal function 
and injury, natriuretic peptides can add information about a patient’s cardiac func-
tion and thus allow the clinician to differentiate the type of CRS and titrate therapy 
accordingly.   

    Summary 

 In the case report, the patient presents with elevated BNP and creatinine. The 
patient’s clinical presentation falls within the cardio-renal syndrome, but the etiol-
ogy of his decompensation is unknown on admission. Biomarkers for tubular injury, 
such as NGAL or KIM-1 could be used on admission to establish the etiology of 
renal dysfunction. Differentiating CRS type could improve outcomes by guiding the 
practitioner to use either renal sparing therapy or more aggressive treatment with 
diuretics. Biomarkers such as CysC might be used throughout admission to better 
approximate GFR and serial sampling of pro-ENK may help monitor ongoing 
insults to the cardiorenal system and predict which patients are at risk for worsening 
renal function. In the case, the patient’s diuretic dose was decreased and ACE inhib-
itor held when the creatinine increased 24 h after admission. A panel of biomarkers 
may better differentiate between true kidney injury and improving GFR with a 
slowly recovering creatinine. A better understanding of renal function might have 
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shortened the length of stay for the patient in the case. In addition, serial biomarker 
sampling and biomarker levels on discharge have been shown to correlate with 
response to treatment and with prognosis. A persistent elevation of BNP, creatinine, 
CysC, pro-ENK or NGAL might prompt further titration of heart failure medication 
prior to discharge or closer follow up after discharge. In the clinical case, measure-
ment of biomarkers on discharge might have prompted reinitiation of ACE inhibitor, 
change in diuretic dose, or closer follow, thus avoiding fl uid accumulation after 
discharge. 

 In conclusion, cardiac and renal function are intricately related. Use of tradi-
tional biomarkers, such as creatinine and BNP are important in defi ning AKI, HF 
and CRS, but these tests have limitations. Novel biomarkers in this fi eld are promis-
ing and further studies should continue to defi ne their clinical utility in cardiac and 
renal dysfunction.     
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    Chapter 28   
 Biomarkers in Heart Failure with Preserved 
Ejection Fraction                     

     Robert     Colbert     ,     Rohit     Mital     , and     Nicholas     Marston     

    Abstract     Chronic heart failure is increasing in prevalence throughout the world 
and is a leading cause of morbidity and mortality in developed countries (Phan 
et al., Int J Cardiol 158:337–343, 2012). Clinical research has focused primarily on 
patients with left ventricular systolic dysfunction with reduced ejection fraction 
(HFrEF), but it is now understood that up to half of all patients with heart failure 
have preserved ejection fraction (HFpEF) (Phan et al., Int J Cardiol 158:337–343, 
2012). The patients who suffer from HFpEF are usually older, have worse systemic 
hypertension, and are more often female compared to patients with reduced left 
ventricular ejection fraction. Mortality can be high for patients with HFpEF, with 
70 % of all-cause mortality attributed to cardiovascular etiologies (Phan et al., Int J 
Cardiol 158:337–343, 2012). Multiple biomarkers have demonstrated a role in 
HFpEF and may be used to help aid in clinical decision-making. These include 
traditional markers such as naturetic peptides and troponin, as well as novel markers 
such as ST2 and Galectin-3.  

  Keywords     Biomarkers in heart failure with preserved ejection fraction   •   Ejection 
fraction and biomarkers   •   Heart failure and preserved ejection fraction  

   Chronic heart failure is increasing in prevalence throughout the world and is a lead-
ing cause of morbidity and mortality in developed countries [ 1 ]. Clinical research 
has focused primarily on patients with left ventricular systolic dysfunction with 
reduced ejection fraction (HFrEF), but it is now understood that up to half of all 
patients with heart failure have preserved ejection fraction (HFpEF) [ 1 ]. The patients 
who suffer from HFpEF are usually older, have worse systemic hypertension, and 
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are more often female compared to patients with reduced left ventricular ejection 
fraction. Mortality can be high for patients with HFpEF, with 70 % of all-cause 
mortality attributed to cardiovascular etiologies [ 1 ]. Multiple biomarkers have dem-
onstrated a role in HFpEF and may be used to help aid in clinical decision-making. 
These include traditional markers such as naturetic peptides and troponin, as well as 
novel markers such as ST2 and Galectin-3. This chapter discusses each of these 
markers and their clinical utility in the HFpEF population. 

    Natriuretic Peptides 

 Perhaps the best described biomarkers used in acute dyspnea to diagnose heart fail-
ure are the natriuretic peptides. Of the multiple subtypes of natriuretic peptides 
which play a role in protection against volume overload, B-type natriuretic peptide 
(BNP) is a useful biomarker in heart failure because it is synthesized and released 
primarily from the ventricles in response to ventricular expansion and pressure 
overload. BNP mediates relaxation of the myocardium and regulates increases in 
ventricular volume through mechanisms aimed at reducing both preload and after-
load via diuresis, vasodilation, and modulation of the renin-angiotensin-aldosterone 
system [ 2 ]. A precursor of BNP, pre-proBNP, is cleaved to proBNP and subse-
quently into BNP and NT-proBNP, the active and inactive components, respectively 
[ 3 ]. Both the BNP and NT-proBNP are now frequently used biomarkers in the eval-
uation of acute dyspnea. 

 While BNP and NT-proBNP have been shown to have high sensitivity for heart 
failure, recent studies have focused specifi cally on the role of natriuretic peptides 
in HFpEF. A study by Yamaguchi, et al. demonstrated that patients with HFpEF 
also have an elevation in BNP compared to control [ 4 ]. However, Iwanaga and 
colleagues showed that BNP levels may be higher in patients with depressed LV 
ejection fraction. More specifi cally, they found patients with HFpEF had median 
BNP levels of 105 pg/ml compared to 265 pg/ml in the HFrEF group [ 5 ]. 
Nonetheless, elevated BNP appears to independently predict all-cause mortality 
and hospitalization due to heart failure regardless of LV ejection fraction. A study 
by Van Veldhuisen, et al. found that LV ejection fraction alone is not associated 
with increased mortality, and that for a given BNP value the prognosis for patients 
with HFpEF was the same as for patients with HFrEF [ 6 ] (Fig.  28.1 ). In patients 
with chronic heart failure, the Val-HEFT study showed that outpatients with the 
highest increase in BNP levels on therapy had the highest rates of morbidity and 
mortality [ 7 ]. This suggests that BNP has signifi cant value in predicting risk and 
prognostication for patients with HFpEF and may be useful in guiding manage-
ment decisions.

   Several studies have established cutoff points for BNP or NT-proBNP levels in 
acute dyspnea. The Breathing Not Properly Study used a cutoff value of BNP of 
100 pg/ml, and reported 90 % sensitivity and 76 % specifi city in diagnosing heart 
failure [ 8 ]. The PRIDE study set an NT-proBNP cutoff <300 pg/ml to rule out heart 
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failure, citing a negative predictive value of 99 % [ 9 ]. BNP and NT-proBNP typi-
cally correlate well to one another, although they have different absolute levels. One 
major difference between BNP and NT-proBNP is half-life, which is only 20 min 
for BNP and 1-2 h for NTproBNP. However, both assays maintain similar perfor-
mance characteristics in patients with acute heart failure [ 3 ]. Of note, natriuretic 
levels can be falsely elevated in the elderly, females and renal dysfunction, and can 
be falsely low in obese patients and fl ash pulmonary edema [ 3 ].  

    Cardiac Troponins 

 The role of cardiac troponin is well established in acute coronary syndrome, but is 
also proving to have signifi cance in heart failure. Troponins are a group of proteins 
involved in the modulation of muscle contraction by their effect on interaction 
between actin and myosin in striated muscle. The three cardiac troponins are tropo-
nin I (inhibitory), troponin C (calcium binding) and troponin T (tropomyosin bind-
ing). The cardiac troponins are encoded by a separate gene than the skeletal isoforms 
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  Fig. 28.1    BNP and ALL-Cause Mortality in LVEF ≤40 % and >40 %. Kaplan-Meier survival 
curves of the association between BNP and all-cause mortality in all heart failure patients ( a ),in 
patients with EF <40 % ( b ), and in patients with LVEF >40 % ( c ) (From Van Veldhuisen et al. [ 6 ], 
with permission.)       
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and vary in their structure, and thus specifi c assays measuring the cardiac isoforms 
are useful in investigation of myocardial injury [ 10 ]. Many different mechanisms 
may be responsible for troponin release in heart failure, including myocyte necrosis 
as a result of subendocardial ischemia, infl ammation and oxidative stress causing 
cardiomyocyte damage, and altered calcium handling amongst others [ 11 ]. This 
detection of subclinical myocardial damage can be clinically useful in acute and 
chronic heart failure. 

 A study by Dinh, et al. showed that high sensitivity Troponin T (hsTnT) is ele-
vated in patients with HFpEF independent of coronary artery disease, suggesting 
that persistent myocardial injury may play a role in the pathogenesis of HFpEF [ 12 ]. 
However, Santhanakrishnan and colleagues found that although HFpEF patients did 
have elevated hsTnT compared to control patients, hsTnT levels were higher in 
HFrEF patients. This may provide insight into the individual mechanisms of each of 
these processes and suggests HFrEF is a more myocardial specifi c process whereas 
HFpEF may be a more systemic condition [ 13 ]. Regardless of mechanism, the 
ADHERE study showed that the presence of positive troponin in the decompen-
sated heart failure patient was indicative of higher risk compared to patients with 
negative troponin. Those with elevated troponin required more cardiac procedures, 
longer hospital stays, and had a higher rate of in-hospital mortality [ 14 ]. 

 In general, the levels of troponin in heart failure patients tend to be lower and 
lack the acute rise and fall characteristic of acute coronary syndrome. In clinical 
practice, detection of heart failure based on troponin levels varies greatly depending 
on the assay and cutoffs utilized. In the ADHERE trial, cutoffs of TnI >0.4 ng/ml 
and TnT >0.01 μg/l were used and positive levels were seen in 75 % of patients with 
decompensated heart failure [ 14 ]. A study by the Val-HEFT investigators suggested 
that hsTnT may have signifi cant value in heart failure, as TnT was positive in 92 % 
of patients in heart failure when a cutoff of >0.001 ng/ml was used [ 15 ]. More work 
will need to be done with high sensitivity troponin and heart failure to determine 
utility. In the meantime, it is clear that positive troponins are common in HFpEF and 
the degree to which they are elevated is associated with worse outcomes.  

    Galectin-3 

 Galectin-3 is a protein that belongs to the family of soluble β-galactoside-binding 
lectins. These proteins bind to polysaccharides, or glycans, on the surface of cells 
and send signals that contribute to a variety of cellular processes [ 16 ]. Galectin-3 is 
secreted by activated macrophages in response to aldosterone stimulation and pro-
motes myofi broblast proliferation, leading to the deposition of excess collagen in 
myocytes. The end result is fi brosis and infl ammation [ 16 – 18 ]. Animal models have 
demonstrated this effect in cardiac muscle, for example the overexpression of galec-
tin-3 in rats leads to extensive cardiac fi brosis and eventually heart failure. As the 
levels of galectin-3 increased, so did the severity of fi brosis [ 19 ]. 
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 Human studies have evaluated galectin-3 and its performance as a surrogate 
marker of cardiac remodeling and fi brosis. While previous studies included all 
patients with heart failure, more recent studies have focused specifi cally on HFpEF 
[ 16 – 20 ]. Carrasco-Sánchez, et al. found that a galectin-3 level above a median of 
13.8 ng/mL is an independent predictor of all-cause mortality and readmission in 
patients with heart failure and preserved EF [ 21 ]. In fact, the predictive value of 
galectin-3 was stronger in patients with preserved EF than it was in patients with 
reduced EF [ 22 ]. Additionally, combining plasma galectin-3 and BNP levels 
increased prognostic value compared to either biomarker alone [ 22 ]. An analysis of 
HFpEF patients in the Aldo-DHF trial found that higher galectin-3 levels at baseline 
were associated with worse clinical condition and an increase in galectin-3 over 
time was associated with an increased risk of death or hospitalization [ 23 ]. These 
results again held true after adjusting for naturietic peptide levels. Finally, Chen and 
colleagues performed a meta-analysis of nine studies that measured galectin-3 as a 
continuous variable and the pooled results showed that for every 1 % increase in 
galectin-3, the risk of all-cause mortality increased by 28 % (HR 1.28, 95 % CI 
1.10–1.48) [ 24 ]. 

 Currently, the clinically available assay categorizes heart failure patients with 
galectin-3 levels >17.8 ng/mL at high risk of all-cause hospitalization or mortality 
[ 23 ]. In the future, clinicians may be able use galectin-3 to detect the pathophysio-
logical progression of HFpEF. The level could be used to risk stratify patients into 
“remodeling” (high risk) or “non-remodeling” (low risk) to help modify their treat-
ment plans for each individual patient [ 17 ].  

    ST2 

 ST2 is a member of the interleukin-1 (IL-1) receptor family that preferentially 
binds IL-33. It is expressed in many tissues and cell types, and serves as a mediator 
of infl ammation in several diseases including asthma, rheumatoid arthritis, pulmo-
nary fi brosis, and collagen disease [ 25 ]. More recently, ST2/IL-33 system has been 
shown to play a role in the pathogenesis of heart failure. ST2 exists in two forms: 
the membrane bound ST2 ligand (ST2L) and soluble circulating ST2 (sST2). After 
myocardial infarction, IL-33, ST2L, and sST2 are upregulated in fi broblasts and 
cardiomyocytes [ 26 ]. The binding of IL-33 to ST2L is cardioprotective, as demon-
strated by the reduction in hypertrophy and myocardial fi brosis that occurs when 
recombinant IL-33 is administered to rat cardiomyocytes [ 25 ]. However, the 
administration of sST2 reversed this effect, suggesting that excess levels of sST2 
bind and neutralize IL-33 [ 17 ]. The cardioprotective potential of this ST2/IL-33 
system has generated a lot of interest leading to many studies in the heart failure 
population. 

 In the PRIDE study, patients who were diagnosed with acute heart failure had 
signifi cantly higher sST2 levels than those who were not, and these levels helped 
predict 1-year mortality [ 16 ,  17 ]. In fact, sST2 levels were at least as predictive of 
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death as NT-proBNP [ 17 ]. Higher levels of sST2 have also been shown to correlate 
with increased heart failure severity, increased ventricular fi lling pressures, and 
decreased LVEF on echocardiography [ 27 ]. sST2 has been especially promising in 
its ability to assess heart failure risk after acute MI. In the TIMI-14 and ENTIRE- 
TIMI- 23 trials, high sST2 levels following an ST-elevation myocardial infarction 
was associated with development of heart failure and death within 30 days [ 17 ]. In 
another study, levels of sST2 correlated with infarct size and predicted LV func-
tional recovery after MI [ 28 ]. 

 Interestingly, sST2 concentrations are lower in HFpEF than in HFrEF, although 
the sST2 level remains an independent predictor of mortality regardless of LVEF 
[ 29 ]. A study of patients with severe heart failure with reduced EF revealed that 
percentage changes in levels of sST2 are better able to predict cardiovascular admis-
sion or worsening renal function than NT-proBNP [ 30 ]. In a comparison of sST2 
and galectin-3, it appears that sST2 outperforms galectin-3 in predicting 5-year 
mortality in patients with chronic heart failure [ 31 ] (Fig.  28.2 ). This suggests that 
sST2 may be especially useful in the outpatient setting and may allow for improved 
risk stratifi cation and tailored management in the future [ 32 ].

       Conclusion 

 Heart failure with preserved ejection fraction is a complex disease with multiple 
factors contributing to cardiac dysfunction. Identifying high-risk patients early is 
important to allow for appropriate management and interventions [ 21 ]. The bio-
markers covered in this chapter serve as tools for the clinician to diagnose and 
assess disease severity and progression. While more research is needed in the fi eld, 

Galectin-3 quartilesa b

≤12.7 ng/ml
12.7-16.5 ng/ml

Years of follow-up

0 1 2 3 4 5

Years of follow-up

0 1 2 3 4 5

16.6-22.7 ng/ml
>22.7 ng/ml

≤30.9 ng/ml
31-38.3 ng/ml
38.4-51.1 ng/ml
>51.1 ng/ml

ST2 quartiles
1.

0
0.

8
0.

6

S
u

rv
iv

al

0.
4

0.
2

0.
0

1.
0

0.
8

0.
6

S
u

rv
iv

al

0.
4

0.
2

0.
0
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the current evidence provides a promising glimpse into how these biomarkers may 
be used to improve heart failure management in the future.  

    Case 1: Utility of HFPEF Biomarkers in the Inpatient Setting 

 A 69 year old man presents to the emergency department with a 5 day history of 
shortness of breath on exertion and lower extremity swelling. He normally performs 
manual labor on his ranch without any problem. However, over the past several days 
he has had shortness of breath with work and even when walking around his house. 
Two days ago, he reports being unable to lie fl at in bed and woke up multiple times 
with shortness of breath. He also complains of being unable to fi t into his shoes 
because of the swelling. The patient’s past medical history is signifi cant for long-
standing hypertension and hyperlipidemia for which he takes losaratan, nifedipine 
and atorvastatin. He is a current smoker with a 30 pack year history. Vital signs on 
presentation are signifi cant for blood pressure of 125/80, heart rate of 80, respira-
tory rate of 18, and SpO 2  of 90 % on room air. Physical examination reveals regular 
rate and rhythm with no audible murmur or extra heart sounds, bibasilar crackles, 
JVP elevated to 15 cm, and 5 mm pitting edema in the lower extremities bilaterally 
to the knees. Chest radiograph demonstrates cardiomegaly and increased broncho-
vascular markings with bilateral pleural effusions consistent with cardiogenic pul-
monary edema. BNP and BNPP are noted to be markedly elevated, with levels of 
1384 pg/ml (ref range <100 pg/ml) and 14,610 pg/ml (ref range 0–899 pg/ml), 
respectively. Troponin T is 0.09 ng/ml (ref range <0.01 ng/ml). Echocardiogram 
reveals mild concentric LV hypertrophy with moderate enlargement of left atria, 
normal LV size and systolic function and left ventricular ejection fraction of 63 %. 
Mild diastolic dysfunction with impaired relaxation is noted. A diagnosis of heart 
failure with preserved ejection fraction is made and the patient is admitted to the 
hospital for further evaluation and treatment.  

    Case 2: Utility of HFPEF Biomarkers in the Inpatient Setting 

 A 76-year-old woman presents to the clinic with symptoms of dyspnea and exercise 
intolerance over the last 3 weeks. Normally she walks about one mile every day, but 
she has recently noticed increased fatigue and trouble breathing after about 3 blocks. 
At the end of the day, she also notices increased swelling around her ankles that 
does not completely resolve by morning. She denies fever, chest pain, cough, 
orthopnea, PND, lightheadedness, or syncope. She is widowed and lives at home by 
herself. Her past medical history is signifi cant for hypertension and type II diabetes 
for 10 years for which she takes HCTZ and metformin. Vital signs show a blood 
pressure of 160/90, heart rate of 75, and normal respiratory rate and O2 saturation. 
Physical exam reveals normal S1 and S2 with no detectable murmurs and clear 
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breath sounds. Her JVP is estimated at about 10 cm. Chest radiograph reveals mild 
cardiomegaly and trace pulmonary edema. BMP and CBC are within normal limits. 
NT-proBNP levels are mildly elevated at 400 pm/mL (ref range <220 pm/mL). The 
soluble ST2 (sST2) level is elevated at 35 ng/mL (ref range for women 7.2–33.5 ng/
mL) and the galectin-3 level (Gal3) is at 16.1 ng/mL (median in patients with HF 
13.8 ng/mL). Echocardiography is subsequently obtained which reveals increased 
thickness of the left ventricle with normal size cavity, left atrial enlargement, and a 
left ventricular ejection fraction of 65 %. Doppler studies show a decreased early 
( E ) mitral valve fl ow velocity and slightly increased late ( A ) mitral valve fl ow veloc-
ity ( E/A  ratio of 0.4). Tissue Doppler shows abnormal left ventricular relaxation. 
These studies are consistent with a diagnosis of mild diastolic heart failure, or heart 
failure with preserved ejection fraction (HFpEF). The patient is started on lisinopril 
for blood pressure control, Lasix for diuresis, and instructed to follow a salt- 
restricted diet. Follow up is scheduled for 2 weeks later.     
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