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ABSTRACT

More than 10 million major noncardiac surgical procedures are performed annually. Current perioperative risk assessment
has focused on ischemic heart disease and shows that adherence to practice guidelines reduces morbidity and mortality.
An estimated 10 million people in the United States suffer from ventricular dysfunction (class B), and half are symptomatic
(class C) despite medical therapy. Individuals with heart failure who undergo surgical procedures are at higher risk for
perioperative complications than those with ischemic heart disease. There is no current consensus on the best approaches
to risk stratify individuals with heart failure who undergo surgical procedures. This review will provide information on the
current state of risk assessment for heart failure and emphasize the role of 2D/Doppler echocardiography as a tool to
optimally stratify risk.

INTRODUCTION

Heart failure afflicts nearly 2.5% of the adult U.S. population. With 550,000 new cases diagnosed annually, experts believe
that by the year 2012 roughly 20 million Americans will suffer from congestive heart failure (CHF).1 Despite significant strides
in treatment strategies, hospitalizations have topped 950,000, attributable deaths approach 265,000 and costs reached
$27 billion h 2005.2 CHF s common n individuals over age 65 (roughly 1/1000) and is predominantly cared for by general
internal medicine or family practice physicians. Unfortunately, unless specific hospital or practice-based interventions are
established to optimize treatment, compliance with basic medical therapies documented to reduce morbidity and mortality
are generally no higher than 30%.3

The last 15 years have documented a change in the epidemiology of noncardiac surgical procedures.35 h 2000 there
were 40 million procedures performed in the United States; 10 million were major noncardiac surgical procedures, and four
million of those were performed i individuals over age 65. 36 Undoubtedly, a significant number of patients undergoing major
surgical procedures have occult or established left-ventricular dysfunction.
Published data among heart failure patients who undergo major noncardiac surgery have reported a wide range of morbid-
ity and mortality (Figure 1)6” Most recently, Hernandez and colleagues determined that individuals with an antecedent
diagnosis of heart failure who under-
went major surgery have a 30-day
readmission and mortality rate of 20% | HF 1 CAD | Control 20.0
and 11.7%, respectively.® These rates 2
are significantly worse than individuals
diagnosed with either ischemic heat
disease (14.2% and 6.6%) or age- ” _—
matched controls (11% and 6.2%).8

h 2001, the American College .
of Cardiology, the American Heart i 6.5
Association and the American College gzl 6 A1
of Physicians put forth guidelines for g 7|
managing cardiac patients undergo- ” *1
ing noncardiac surgery. The guidelines 0 ) ) .
feature. the identification, risk assess- Total Mortality In Hospital Death Death after d/c  Readmission (30 days)
ment and treatment strategies for
ischemic heart disease but dedicate a  Figure 1. Risk-adjusted events rates among patients undergoing noncardiac surgery.
mere two paragraphs to heart failure.  Statistically significant higher rates were observed among patients with a diagnosis of
The authors recognize its important  heart failure (HF) compared with either coronary artery disease (CAD) or control.®
prognostic implications by pointing
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out that "little information is available"
and every effort must be made to
"detect unsuspected heart failure,”
but they fail to present specific risk
assessment paradigms or manage-
ment strategies.

This manuscript will review the
current literature regarding risk assess-
ment and perioperative management
of patients with heart failure undergo-
ing noncardiac surgical procedures.
The authors will support the wide-
spread use of 20 echocardiogram with
Doppler along with clinical criteria as
the foundation of risk assessment.
A simple algorithm will help unify
concepts and set the groundwork for
further research. (Figure 3)

PRESENT MODELS OF
PERIOPERATIVE RISK
Generally speaking, perioperative risk
& based on four factors: urgency of
surgery, complexity of procedures
involved, extent of medical comorbidi-
ties and

severity of underlying heart
disease. Each factor requires thorough
investigation before assessing periopera-
tive risk.”

All current models of periop-
include a
cardiovascular-directed history and
ph,, ical examination.® Various permu-
tations of rhe original concepts of
Goldman ! and lacer Detskyll have been
modified by Lee and colleagues and are
now known as the revised cardiac risk
index (RCRI),12 which stratifies cardio-
vascular risk by relying on two major
cardiovascular disease entities: ischemic

erative risk assessment

cardiovascular disease and congestive
heart failure. The RCRI (Table 1) has
been validated prospectively, utilized at
a number of large clinical centers and
recently implemented in the design of
major clinical investigations.13-* Among
the specific clinical factors that carried
the highest risk for perioperative cardio-
vascular events are signs, symptoms or
a hiscory o fheart failure. In fact, in the
original Goldman risk index, the physi-
cal findings of a cardiac S3 or jugular
venous distension were the most signifi-

Risk Factor Definition

Any of:

History of M
History of positive exercise test result
Current chest pain

Ischemic
heart disease
Nitrate use

Points

ECG with Q wave

Any of:

History of HF

Pulmonary edema

Congestive heart failure PND

Bilateral rates

S3 gallop

CXR with pulmonary vascular redistribution

Type of surgery

High risk (intraperitoneal, intrathoracic, or
supralinguinal vascular)

Cerebrovascular disease

TIA or stroke

Diabetes mellitus

Preoperative treatment with insulin 1

Renal function

Creatinine level > 2.0 mg/dl & 177umol/L) 1

Table 1. Revised cardiac risk index (RCRI)

cam predictors of perioperative events.
The RCRI also found that chest radio-
graphic findings of pulmonary edema
carried a 4.3-fold increase in major
perioperative cardiovascular complica-
tions.11

The challenge associated with diag-
nosing heart failure & apparent on
review of available literature. Earlier
single-center risk assessments such as
the Goldman Criteria relied on phys-
interpretation
of radiographic studies by a limited
group of physicians, which minimized
intra-observer variability and limited
mulcicenter reproducibili, . Lacer efforts
simply documemed a "history of hearc
failure"

ical examination and

a a significant risk factor,
thereby achieving greater reproducibility.
While either definition carries sufficient
power to assign risk, the latter identifies
a nonmodifiable risk factor while the
former allows for pocemial treatment
paradigms.

While current ACC / AH A guidelines3
include a combination o fCH F signs and
symptoms as well as established therapies
(e.g. diuretics, vasodilators), no published
risk indices include the complete defi-
nition of CHF. Furthermore, heart
failure can be assigned to cwo groups:
Systolic Heart Failure {impaired systolic

function) and Oiascolic Heare Failure
(preserved syscolic function), each with
variable intrinsic risk3 Although the
phenotypes of these two categories are
disparate, they share a common under-
lying pathophysiology. The congestive
(or symptomatic) aspect of heart failure
irrespective of syscolic function implies
that the heart is unable © adequately
maintain the body's metabolic demands
in association with a significant rise in
ventricular diastolic pressure. Therefore,
CHF mandates a rise in diastolic pres-
sure that may manifest a classic s, s
(S3, rales, peripheral edema) and symp-
toms (orchopnea, dyspnea) and would
be expected ® respond to established
therapies. While symptoms of heart
failure can be elicited by a carefully
targeted history, physical examination is
a late manifestation of elevated ventric-
ular diastolic pressure and is neither
sensitive nor reproducible. Symptoms
of heart failure carry particular prog-
nostic information and are used to risk
stratify patients with chronic heart
failure.3 Stages of heart failure are typi-
cally categorized into four classes of
severi,, using the New York Hean
Association (NYHA) functional classi-
fication system, which relates sympcoms
© everyday activities.3 A higher class of
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hean failure corresponds to more severe
symptoms and hence restricted physi-
cal activity and higher surgical risk. For
example, NYHA class IV heart failure
is an independent factor that signals
caucion for surgery regardless of the
type5 Ifelevated ventricular filling pres-
sure ¥ a symptom and symptoms are
necessary to stratify risk among patients
with heart failure, then an objective
measure of ventricular diastole (more
importantly left ventricular filling pres-
sure) would be advantageous.

POTENTIAL ROLE
OF DOPPLER
ECHOCARDIOGRAPHY FOR
RISK STRATIFICATION
The last 20 years of Doppler cardiac
ultrasound has revolutionized our under-
standing ofboth ventricular systole and
diastole. Advancements have allowed
accurate quantification of ventricular
filling irrespective of systolic function,
and invesri, ,cors have segregated the
impact of diastolic abnormalities with
regard to clinical outcome (see below).15
Furthermore, Nagueh and colleagues at
the Methodist DeBakey Heare Center

m Houston have developed regres-

sion equations using specific Doppler

indices to estimate diastolic filling pres-
sures.16 While a full review of the
technical and interpretive aspects of the

Doppler characterization of ventricu-

lar diastole i b, jond the scope of this

manuscript (see Naqvi et all7), some
general observations are pertinent for
this discussion.

1) Heartsofpatiencswithsystolicdysfunc-
tion have prolonged myocardial
relaxation and decreased compliance
and therefore uniformly have diastolic
dysfunction (substrate).

2)The specific Doppler pattern o fmitral
inflow observed in patients with
systolic dysfunction is influenced by
a number of factors, including left
atrial pressure and the crossover pres-
sure between the left atrium and left
ventricle at the onset of mitral valve
opening (stimulus).

3)Correlacing symptoms
to isolated and serial

(reaction)
transrnitral

Doppler assessments of patients with
syscolic dysfunction has helped define
our understanding of the interaction
between substrate and stimulus.

In general, three patterns of micral
inflow have been observed (Figure 2),
and each correlates with che clini-
cal spectrum of systolic heart failure.
Relevant investigations have assigned
risk by segregacing paciencs into groups
with either the presence or absence
of the restrictive filling pattern (RFP)
or the ability to reverse the RFP. The
generally accepted definition of RFP i
that the ratio of early (E) to atrial (A)
wave be greater than 2.0 and the decel-
eration time (OT) of che mitral E wave
be less than 140 ms.

Static measurement of mitral inflow
among patients with systolic dysfunction
have demonstrated that the presence of
a RFP predicts worse NYHA func-
tional class””7 and exercise capacityl®
despite demographics, LV
diascolic dimension, fractional shonen-
ing and right heart catheterization data.
Xie at al. extended these observations
and found that the presence of RFP
among ambulacory patients with LVEF
< 40% was the single best discrimina-
tor of mortality, conferring event rates
0f5% vs. 19% p<0.05 at one year and
5% vs. 51% p<0.01 at two years (RFP

similar
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Figure 2 Doppler mitral inflow pattern h patients with systolic dysfunction (LVEF < 35%) and its relation to left atrial pressure.
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vs. non-RFP respecrively).19 Further
discriminacory power ofthe transmicral
inflow pauern was documented among
311 patients being evaluated both for
heart transplantation and for myocardial
oxygen consumption (MVO02) values
less than 14 ml/min/kg. The presence
ofa RFP added important prognostic
information and was associated with a
significantly higher morcalicy compared
co patients with a non-RFP (48% vs.
20%). Not surprisingly, chose subjects
wich MVO2 values greater than 14
ml/min/kg had a significantly better
survival, although a RFP among these
patients was associated with three rimes
the mortality compared to those without
a RFP (20% vs. 6%).20

chat reverse the RFP
improve prognosis among patients with
syscolic heart failure. As mentioned
earlier, the Doppler micral inflow
panem is strongly influenced by alcera-
cion in preload, and the reversibility
of RFP with medical or device-based
therapy carries prognostic implications.
For more than six months, Traversi et
al. optimized medical treatment in 98
patients with initially RFP (E/A > 1
and OT < 130ms) and performed serial
studies with echo-Doppler, cardio-
pulmonary testing and hemodynamic
at six monchs.21 A highly significant

Therapies

reduction in pulmonary wedge pressure
(from 25 +/- 7mm Hg 0 11 +/- 3 mm
Hg) and an increase in exercise capac-
ity was observed in 19 patients with
initial RFP who reverted to non-RFP,
while six patients who reverted to a
RFP had marked deterioration o f these
parameters. More importantly, patients
with persistent RFP after six months of
medical therapy had a 35% event rate
(mortality or transplantation) over the
following year as opposed to chose who
reverted to or remained in a non-RFP
scare (5% and 4 % event rates, respec-
tively).212?

Concordant data published by
Pinamonti et al. report chat a persistent
RFP after three months of optimized
medical therapy was associated with
a 35% one-year mortality, while RFP

Established
Systolic
Dysfunction

%m

toms
cho/

Doppler

None/Mild Mild-Moderate
AR or N AR

LOW

Moderate

Moderate/
Severe

M or RFP =\

HIGH

Figure 3. Algorithm incorporating Doppler indices to assign perioperative risk for
cardiac events. Anticipated surgery is elective and noncardiac. This model does not
account for other established perioperative risk factors.

reversion was associated with a 0%
event rate.”> Simply evaluating mitral
filling pattern prior to discharge in
patients admined for decompensated
heart failure (n=115) reveals that the
presence of a RFP (n27) is associ-
ated with a 38% all-cause mortality
and 41% CHF rehospitalizacion rate at
one year compared to 17.4% morcali,,
and 15.4% CHF re-hospitalization for
patients with no RFP.24

The mitral filling pattern is one
measure for optimizing patients with
advanced heart failure; patients who
either develop or persist to have a RFP
even with an apparent compensated
clinical state should undergo further
pharmacologic optimization. In particu-
lar, carvedolol therapy optimized among
a subset of heart failure subjects with
RFP successfully reverse chis pattern
in 72% of those treated. The clinical
implications of diastolic filling among
patients with systolic heart failure are
established.17 To dace there are no clini-
cal investigations establishing che role
that diastolic filling may play in evalu-
ating perioperative risk among patients

with systolic heart failure undergoing
noncardiac surgery. The absence ofdata
is fertile ground for speculation from
clinical observation, hypothesis genera-
tion and subsequent testing.

If diastolic filling among patients
with chronic systolic heart failure
has significant clinical implications
with regard to symptoms, functional
capacity and correlation with central
hemodynamics, then evaluation with
preoperative 20 echocardiogram and
Doppler may allow further risk strati-
fication among patients with known
systolic heart failure. Currently, the
Methodist OeBakey Heart Center is
conducting a retrospective chart review
among patients who underwent deceive
major noncardiac surgery with syscolic
heart failure. Information will be used
to estimate risk and subsequent sample
size calculations so as to conduct a larger
prospective clinical investi, ,tion. The
algorithm provided serves as the basis
ofan ongoing clinical investigation bur
may help co manage individuals with
established systolic heart failure.

We have employed a protocol incor-
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porating echocardiographic measures of
hemodynamics to optimize cardiac risk.
Among systolic hearr failure patients
being evaluated for major noncardiac
surgery, a detailed history identifies
current symptoms while a fullow-up
echocardiogram with Doppler & used to
estimate central hemodynamics empha-
sizing left ventricular filling pressure.
[f sympcoms are greater than moder-
ate with concomitant elevated filling
pressures, we delay elective surgery
and initiate medical therapy to reverse
the RFP. While prospective valida-
tion of this paradigm has not been
compared with the current standard of
care, overwhelming data from patients
with chronic heart failure provides
adequate impetus for this approach. If
major noncardiac surgical intervention
5 deemed urgent, we advocate place-
ment of a perioperative Swan-Ganz
catheter and titration of appropriate
medical (vasodilarors, beta-blockers,
diuretics, etc) or mechanical therapy
(intra-aortic balloon councerpulsation)
to normalize pulmonary wedge pres-
sure. Anecdotally, patients undergoing
mechanical therapy have had lower
complication rates and improved 30-
day post-operative survival.

CONCLUSION -
Established paradigms for identifying
and managing patients with systolic
heart failure undergoing major noncar-
diac surgery are lacking. Information
from retrospective data indicates high
cardiac

complication rates among
individuals with an antecedent diag-
nosis of CHF. Signs and symptoms
are late manifestations of heart failure,
carry significant intra-observer vari-
ability and have low reproducibility.
Objective measuring of cardiac func-
tion correlating with symptoms, central
hemodynamics and prognosis may be
ideal for estimating cardiac risk. In this
regard, simple Doppler echocardiogra-
phy can be incorporated into a clinical
risk assessment model to define risk and
manage patients with heart failure.

Clearly, future investigations utilizing

JMDIIC I T (2) 2006

focused clinical evaluation along with
cardiac imaging and relevant biomark-
ers are needed. Consensus statements
and guidelines rely on aclinical compen-
dium of data to endorse a creatmem or
diagnostic strategy. At chis stage, what-
ever statements can be made regarding
the evaluation and management of
perioperative risk among patients with
systolic heart failure would carry a "C"
level o fevidence.

REFERENCES
L HeartCenterOnline [homepage on the Inter-
net]. Boca Raton: HealthCentersOnline,
Inc.; ©1999-2006 [review date 2006 Feb
15; cited2006/un 12]. Heart Failure section
[about 11 screens}. Available ftom: http:!/

www.heartcenteronline.com/myheartdrl
Commonlarticles.ifm 2ARTID =254

2. Wrong Diagnosis [homepage on the Inter-

net}. Australia: Adviware Pty Ltd.;
©2000-2006 [updated 2006jun 13; cited
2003]Jul 13}. Statistics abottt Heartfailure
[about 1 screen}. Available ftom: http:!/
www.wrongdiagnosis.com/hlheart_failurel
stats.htm

3. Hunt SA, Abraham WTI, Chin MH,

Fel.dman AM, Francis GS, Ganiats TG, et
ai. ACC/AHA 2005 guideline update for
the diagnosis and management o f chronic
heart failure in the adult: a report o fthe
American College of Cardiology/American
Heart Association Task Force an Practice
Guidelines (Writing Committee to Update
the 2001 Guidelines for the Evaluation and
Management o f Heart Failure). Bethesda:
American College o fCardiology Fottndation
and the American Heart Association, Inc.;
2005. Available ftom: http://www.acc.org/
clinicallguidelines!foilurellindex.pdf

4. .Ilfaddox TM. Preoperative cardiovascular
evalttation for noncardiac mrgery. Mt Sinai
j Med. 2005 May:72(3):185-92.

5. Reginelli]P, Mills RM. Non-cardiac surgery

in the heart failure patient. Heart. 2001
May; 85(5):505-1 Review.

6. Hernandez AF, Newby LK, O'Connor CM.
Preoperative evaluation for major noncar-
diac surgery: focusing on heartfailure. Arch
Intern Med. 2004 Sept 13; 164(16): 1729-
36. Review.

1 Skaner Y, Strender LE, Bring] How do

GPs use clinical information in theirjudge-
ments o fheartfailttre? A clinicaljudgement
analysis study. Scand] Prim Health Care.
1998jun; 16(2):95-100.

8. Hernandez AF, Whellan DJ, Stroud S, Sun
JL, O'Connor CM, Jollis JG. Outcomes in
heart failure patients after major noncar-
diac mrgery. j Am Coll Cardiol. 2004 Oct
6;44(7):1446-53.

9. Eagle KA, Berger PB, Calkins H, Chaitman
BR E, y GA, Fleischmann KE, etal. ACC/
AHA guideline update for perioperative
cardiovascular evaluation for noncardiac
surgery update: a report ofthe American
College o fCardiology/American Heart Asso-
ciation Task Force on Practice Gttidelines
(Committee to Update the 1996 Guidelines
on Perioperative Cardioisascular E valua-
tion for Noncardiac Sttrgery). Bethesda:
American College o fCardiology Foundation
and the American Heart Association, Inc.;
2005. Available from: http://www.acc.
orglclinicall, , iddineslp eriolwpdatelperirp -
date_index.htm

10. Goldman L. Mttltifoctorial index o feardiac
risk in noncardiac surgery: ten-year status
report. ] Cardiothorac Anesth. 1987
jun;1(3):237-44.

JI. Detsky AS, Abrams HB, Forbath N, Scott
JG, Hilliard JR. Cardiac assessment for
patients undergoing noncardiac sttrgery.
A multifactorial clinical risk index. Arch
Intern Med. 1986 Nov;146(J1):2131-4.

12. Lee TH, Marcantonio ER, Mangione CM,
Thomas EJ, Polanczyk CA, Cook EF, et al.
Deriisation and prospective validation o fa
simple index for prediction of cardiac risk
of major noncardiac surgery. Circulation.
1999 Sept 7;100(10): 1043-9.

13. Kertai MD, Boersma E, Klein J, van
Sambeek M, Schouten 0, van Urk H, et
al. Optimizing the prediction o fperiopera-
tive mortality in vascular surgery by using
a customized probability model. Ach Intern
Med. 2005 Apr 25:165(8):898-904

14 Gilbert K, Larocque BJ, Patrick LT.
Prospective evalttation o feardiac risk indices
for patients ttndergoing noncardiac surgery.
Ann Int Med. 2000 Sept 5;133(5):356-9.

15. Thohan V. Prognostic implications o fecho-
cardiography in advanced heartfailure. Curr
Opin Cardiol. 2004 May,19(3):238-249.

16. Rivas-Gotz C, Manolios M, Thohan V.



I7.

18.

19

20.

21

22,

23.

24.

Nagueh SF. Impact ofleft ventricular ejec-
tionfraction on estimation o fleft ventricular
Jillingpmsures using tissue Doppler andflow
propagationvelocity. AmJ Cardiol. 2003Mar
15;91 (6):780-4.
N, ui TZ Diastolic junction assessment
incorporating new techniques in Doppler
echocardiography. Rev Cardiovasc Med.
2003 Spring;4(2):81-99
Riha! CS, Nishimura RA, Hatle LK, Bail, )
KR, Tajik A J Systolic and diastolic dysfunc-
tion in patients with clinical diagnosis of
dilated cardiomyopathy. Relation to symp-
toms and prognosis. Circulation. 1994
Dec,-90(6):2772-9.
Xie GY, Berk MR, Smith MD, Gurl, ) JC,
DeMaria A N Prognostic value o fDoppler
transmitral flow patterns in patients with
congestive heartfailure. ] Am Coll Cardiol.
1994]Jul.24(1): 132-9.
Hansen A, Haass M, Zugck C Krueger C,
Unnebrink K Zimmermann R, et al. Prog-
nostic value of Doppler echocardiographic
mitral inflow patterns: implications for
risk stratification in patients with chronic
congestive heartfailure. ] Am Coll Cardiol.
2001 Mar 15;37(4):1049-55.
Traversi £, Pozwli M, Cioffi G Capomolla
S, Forni G Sanarico M, et al. Mitra/flow
vekicity changes after 6 months o foptimized
therapy provide important hemodynamic
andprognostic information in patients with
chronic heart failure. Am Heart ] 1996
Oct;132(4):809-19.
Temporelli PL, Corra U Imparato A,
Bosimini £, Scapellato F, Giannuzzi P.
Reversible restrictive left ventricular diastolic
filling with optimized oral therapy predicts
a morefavorable prugnosis in patients with
chronic heart failure. ] Am Coll Cardiol.
1998jun;31 (7): 1591-7.
Pinamonti B, Zecchin M, Di Lenarda A,
Gregori D, Sinagra G, Camerini E. Pmis-
tence of restrictive left ventricular filling
pattern in dilated cardiomyopathy: an
ominous prognostic i, , . ] Am Coll Cardiol.
1997 Mar 1;29(3):604-12.
Whalley GA. Doughty RN. Gambk GD,
Wright SP, Walsh HJ, Muncaster SA, et
al. Pseudonormal mitral filling pattern
predicts hospital re-admission in patients
with congestive heart failure. ] Am Coll
Cardiol. 2002Jun5;39(11):1787-95.

25. Capomolla S, Pinna GD, Febo 0O, Caporo-

tondi A, Cuazzotti C La Rovere MT. et
al. Echo-Doppler mitral flow monitoring:
an operative tool fo eisaluate day-to-day
tokrance to and effectiveness o fbeta-adren-
ergic blocking agent therapy in patients with
chronic heart failure. ] Am Coll Cardiol.
2001 Nov 15;38(6):1675-84.

II (2) 2006 j JMDIIC



