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Acute Noncardiovascular lliness in the 1)
Cardiac Intensive Care Unit

Eric M. Holland, MD,*" Travis J. Moss, MD, MSc*

roune 1 Primary Diagnoses in the CICU
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Acute Noncardiovascular lliness in the
Cardiac Intensive Care Unit

TABLE ¥ Determinants of OCU LOS and 30-Day Hospital

0.0061
0.013
0.2044
0.8394
0.2316
0.2654
0.1853
0.2062
0.2055
0.2156
0.0114
0.2375
0.3777

Readmission
Predictors Coeffickent SE p Value
CICU LOS are unit (CCU), noncardiovasaular illnesses have
_Age -0.2209 0.0453 <0.0001
DASIS ~0.0700  0.0897 30-dayhospital readmission
Acute kidney injury 5.5497 1.4793 Age -0
Hemormhage —2.9431 5.5823 OASIS Q0022
Acute kidn 0.1154
Acute respiratory failure 6.6954 1.6693 ——
. Hemorrhage 0.0562
Sepsis 2.6333 1.952 _ :
Acute respiratory faillure 0.0957
Cardiogenic shock -0.0572 230N _
fais 4 S Sepsis 0.1730
e i ' Diabetes mellitus 0.3444
Mew 5u.I:r-chrr|cal AF 6.28817 2.5656 iianut Thillrs _0.0734
Mew clinical AF 3.5183 5151 Chronic kidney disease 0.5502
Previous AF 2.41932 1.4544 Previcus s troke 0.4064
Post -operative 3.6355 1.7033 CICU LOS 0.0129
kidney injury, and acute respiratory failure were associal '
Unscheduled procedwre 0.4404

and new-onset subdinical atral fibrillation, which occun

Foundation.

0.1031
0.8688
0.5722
0.9466
0.6797
0.5145
0.063
0.2¥9
0.0074
0.0594
0.2571
0.1290
0.2436

EDI:LLIEIDHS Many patients in the modern CICU have acute noncardiovascular illnesses that are associated with
mortality and increased LOS. (J Am Coll Cardiol 2017;69:1999-2007) © 2017 by the American College of Cardiology




CENTRALILLUSTRATION Impact of Noncardiovascular lliness in the CXCU

Iin 100 CICU Patients:

" 50 without acute kidney injury,
i““"“' ' acute respiratory failure, or sepsis

-
50 with acute kidney injury,
' acute respiratory failure, or sepsis

CONCLUSIONS Many patients in the modern CICU have acute noncardiovascular illnesses that are associated with
mortality and inaeased LOS. (J Am Coll Cardiol 2017;69:1999-2007) © 2017 by the American College of Cardiology
Foundation.




Hospital-acquired renal insufficiency: a prospective study.
Hou et Al: . 1983 Feb;74(2):243-8

Mortalita elevata anche in assenza di severa disfunzione
d’organo

F G Brivet et al :

Acute renal failure in intensive care units--causes, outcome, and prognostic
factors of hospital mortality; a prospective, multicenter study.

French Study Group on Acute Renal Failure.

CONCLUSIONS _ i
The hospltal mortallty rate of patlents W|th severe acute renal failure in patients
requmng mtenswe care remains hlgh ..... |




AREF is associated with a mortality that is not well

explained only by organ function loss per se
but is related to clinical circumstances that lead to renal dysfunction

Table 2. Clinical patient characteristics (all values mean = SEM)

ARF ESRD No ARF
254) (N =157) (N =1219)

Age vears 39 +1 58 +2 39+]
APACHE 111" 64 + 2 64+ 3 42+ ]
APS3 33+2 58+4 31x1

ﬁhz—f—-()l ).h")+n| 3L N NV
Table i Clinical COnitcomes

Temperature °C
b ___4 Systolic blood pressure mm Hg* 153 130

8§ Diastolic blood pressure mm Hg* 54+2 58 ARF ESRD No ARF
] l Y+

" s (W o= 254 (= 57} (W= 1219
b X Heart rate min 2+2 106 ———
: g . - ICL length of stay
Respirations min " 21x1 21 dos 111 5=1 4=01
' oy A £ N £ M O length of stay
b _J White blood cells x10°/1* 145+0.6 10,7 ICU lensth of stay

(predicted) dayvs® ax0]1 f=03 5=l
I {predicted )® 0177 00138 017 = 00158 0063 = 0004
I mortality

{observed ) S0254 23%F eS5T(11%) 551219 (5%)
Standardized TCT

rortality 131 0.5 071

LA COMPARSA DI AKI IN PAZIENTI Ry
TRATTATI PER PATOLOGIE ACUTE e
ASSUME SIGNIFICATO DI INDICATORE G
PROGNOSTICO NEGATIVO Y moralty

"By ANOWA zingle wariant

' = ME predicted . obssrved mortality (3 or Fiher's Exact Test where
appropriate )

P 0L ﬁ.F‘F va no renal failure by 3

0276+ 0.016* 0,272 0035 0.115 £ 000F
85254 (ME Y &57 (14%) 1001219 [9%)

121 052 075

CLERMONT € Kldeny Intern
2002




Kidney-Heart Interactions in Acute

Kidney Injury

AKI is a common complication in critically ill patients treated in intensive
care units

RRT - requiring AKI occours in apprbximately 5-10% of patients in ICU and
their mortality rate is unacceptably high (50-60%)

- THIS SUGGESTS THAT THERE ARE UNRECOGNIZED ORGAN
| INTERACTIONS FOLLOWING AKI THAT COULD
- WORSEN THEIR OUTCOMES

Chronic Acute

Renal injury
in HF {WRF)

CED is arisk Feno-
far CW events cardiac

DO Nephron 2016 134: 141-
44




STATE-OF-THE-ART PAPER

Cardiorenal Syndroime

Claudio Ronco, MD,* Mikko Haapio, MD,t Andrew A. House, M5c, MD,} Nagesh Anavekar, MD,§
Rinaldo Bellomo, VDY
Ficenza, Italy Helsinki, Finland; London, Ontarie, Canada; and Melbourne, Australia

whereby an acute or chronic dysfunction in one organ may
induce acute or chronic dysfunction in the other organ

The CRS mclude a variety of acute and chronic conditions where
the primary failing organ may be either the heart or the kidney

Renal injury
in HF {WRF)

CKD is a risk
for CV events

JACC 2008; 52: 1527-32




CLASSIFICATION OF CARDIORENAL SYNDROMES

Type Description Clinical Scenanos (Exampies)

Acute CRS Abrupt worsening of cardiac function - AHF
leading to AKI - Cardiac surgery

- ACS
n — . - CIN after coronary angiogram

Chronic CRS Chronic abnormalities of cardiac function IHD hypertenstion
leading to CKD CHD

CHF
n .

Acute renocardisc syndrome Abrupt worsening of renal function Acute pulmonary edema in AKI
laading 1o scute cardiac dysfunction Armrtwthmia

CIN with advene cardiac outcomes
n

Chronic renocardiac syndrome CKD leading to chronic cardiac - Cardiac hypertrophy in CKD
dysfunction - Adverse cardiovasculsr svents in CKD

l n ADPKD with cardac manifestations
>

Secondary CRS Systemic disorders causing cardiac and

renal dysfunction

_Riflette interazione bidirezionale tra cuore e
renes e L e e

Il meccanismo fisiopatologico sottostante
I contesto temporale del danno renale

Cruz DN. Crit Care, 2009, 13: 211-220




Nationwide survey on acute heart failure in
~cardiology ward services in Italy

eGFR TOTAL  WORSENING DE NOVO
- (ml/m’/1.73m) N=2727 N=1524 N=1203

<30 12.4 15.6 8.3

Jooco | 67 | 523 | 467 |




Majority of Patients with AHF have
Renal Dysfunction (N = 118,465)

65% have at least

moderate CKD
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Heywoodetal., J Card Fail 2007;13:422




SINDROME CARDIORENALE TIPO 1
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Patogenesi crs tipo 1

Renal stressor |

Mechanisms

Hemodymamic

Systemic event

- Cardiac output §

- Venous congestion

- RAASSENS activation: SVE 1

|
-Prior CKD |
-RAS

Renal response

-RBF |

- Renal venouws congestion

- Renal interstitial pressure 1
- Peritubular pressure 1

- Impaired autoregulation

' - Renal perfusion pressure |

-GFA |

-L| Treatment

- Diuretics/ultrafiftraton
-Vazsodilators/vasopressars
- |motropes

Mon-hamod ynamic

- Oxidative stress

- Humoral/cellular immunity

- Endothelial/microvascular
dysfunction

- Electrolyte regulation

-

.

Tubular damage
glamerular
dysfunction
{interstitial fibrosis)

Histological comelate

Biomarkers
Eg MGAL natrmsretic

- |peptides, mid-regional

pro-adrenomedullin,

512

Creatinine, cystatin C
Proteinuria/uACR
Urine putput

Clinical outcomes

Worsening HF
Prolonged

N hospitalization

Re-zdmizzion
Sudden death
CRS type 3/5

Pafliative care

McCquugh P, Keilum J hta RL, Murry PT. Ronco C (eds): ADQI Consensus on AKI Biomarkers

and Cardiorenal Syndromes. Contrib Nephrol. Basel, Karg

er, 2013, vol 182, pp 99-116




Hemodynamic
Systemic event
- Cardiac output |

- Venous congestion
- RAAS/SNS activation: SVR 1

Cardiorenal Interactions
Insights From the ESCAPE Trial

Conclusions

This analysis of the ESCAPE trial suggests that in patients
hospitalized with advanced decompensated heart failure,
baseline renal insuthciency impacts prognosis more than
worsening renal function during hospitalization. The lack of
correlation between measured hemodynamic parameters
and renal function suggests that poor forward flow may
contribute to but is not the primary cause of renal dysfunc-
l tion in patients with advanced heart failure. Accordingly,
hemodynamic optimization with PAC did not reduce the

it incidence of worsening renal function or improve renal
NN T B function or outcomes, even among patients with baseline
Bader F Curr Opin Cardiol B renal insuthciency, in this study. Advanced heart failure

raVal B 2




Reduced Cardiac Index Is Not i)
the Dominant Driver of
Renal Dysfunction in Heart Failure

lemmifer 5, Hanberg, BA * Krishna Sury, MD,” F. Perry Wilkon, MD, MSCE>™ Meredith A. Brisco, MD, MSCE
Tarig Ahmad, MDD, MPH,” Jozine M, ter Maaten, MD0," 1. Samue] Broughton, B5%," Mahlet Ass=fa, BS."
W.H. Wilzon Tang, MD, .L“]'Iimg B, Parikh, MD, P07 leffrey M, Testani, MD, MTR*
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CONCLUSIONS

60+

In a multicenter population of decompensated HF
40 patients undergoing clinically indicated PAC, we were
unable to detect a relationship between low cardiac
output and renal dysfunction. This lack of assodation
persisted across multiple patient subgroups, different
metrics of remal finction, and the spectrum of cardiac
indices, Overall, these results argue that low cardiac
output is not the predominant drver for renal
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dysfunction in patients presenting with decom
pensated HF,

Cardiac Index (L/min/m?)

COMCLUSKONS These results reinfonce evidgence that reduced Ol is not the pnmary driver Tor renal dysfunction in
patients hspitalized for HF, imespective of the degres of O imparment or patient subonou analy rad,
{J iwm Coll Cardiol 2016608 N99-208) © 206 by the Amencan College of Cardiododgy Foundat ko




Elevated Intra-Abdominal Pressure
in Acute Decompensated Heart Failure

A Potential Contributor to Worsening Renal Function?
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Conclusmns
elevated IAP is prevalent (60%)|n pts with ADHF and is associated with
impaired renal function... changes in IAP were better correlated with

| changes in renal functlon than any hemodynamic variable.
- Mullens JACC 2008; 51: 300-306




Iricuspid Regurgitation Contributes to Renal Dysfunction
in Patients With Heart Failure

MICHAT. MAEDER, MD, DIANE P. HOLST, EN, AND DAVID M. KAYE MDD ™D

Table 3. Univanae and Mulivanate Predictors of
Estimated Glomerular Rltration Rate

4
~)
-]

-
o
v

Univariate Multvanate

&

Standardzed p P Sundarduedp P

Age 0.3 < 0l (.31
ACEVARB 0.2 06 024
Loop dwretx (.14 58 0.19
RV dameter 0.16 m

MR seventy 0.19 AL
TR Seventy 021 LI ‘ ” rrenirmal 1 mikd-i-  moderale

B\ A 0.13 ™ mocer e
TR seve

eGFR (min'min/1.73 m?)

;

Although a causal relationship can not be proven, these

data suggest that significant TR and high CVP might con-

B (ribute to renal dysfunction in HF patients, possibly by el-

evating renal venous pressure and thereby reducing renal

perfusion pressure. Taken together, these observations sug-

gest that strategies which may reduce the severity of TR

might be beneficial in HF patients with significant renal
impairment. ~J Card Fail 2008; 14: 824-830




Effect of Right Ventricular Function and Venous Congestion on
Cardio-Renal Interactions during the Treatment of
Decompensated Heart Failure
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Testani JM am J Cardiol 2010; 105: 511-516




Importance of Venous Congestion for Worsening of Renal
Function in Advanced Decompensated Heart Failure

Worsening Renal Function

Baseline CVP but not
baseline Cl predicted
worsening renal function

Sensitivity

[ — VP
—_—
- == Hegference Ling |

1 | | |
0.4 0.6 0.8 1.0

1- Specificity

therapy had limited contribution to WRF. These observations provide important clmical
confirmation of experimental data that preservation of cardiac output without relieving
venous congestion may not necessarily avert the development of WRF. While many of these
findings may seem intuitive to the experienced chinician, the concept of “congestive kidney
failure” 1s of hugh clinical value with the contemporary epidemic proportions of ADHF

where cardiac insufficiency (rather than venous congestion) 1s often considered the core
lesion. Mullens W. JACC 2009; 17:589-596



Is Worsening Renal Function an Ominous Prognostic Sign
in Patients With Acute Heart Failure?
The Role of Congestion and Its Interaction With Renal Function
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Table 2. Predictors of Death

Death or Transplant

258, T5th Urwvanable HR Unevanable  Multvarmdle HR  Multivanable
Percenties (5% CI) P Value (95% CI’ P Vaue
| Cangestion and WFF |
1: Yes WRF and yes congastion 6.35(3, 9.58) <00001 244(1.24 4B
2 No WRF and yes congestion 195008147 01364 135(052 35
3: Yes WRF and no congestion 1.24 (0.75, 2.03) 04037 1.04(0.62 1.73)
Refarsrl:e ‘h i\RF an:l no Congesion

Circ H Fail 2012



Clinical course and predictive value of
congestion during hospitalization in patients
admitted for worsening signs and symptoms of
heart failure with reduced ejection fraction:
findings from the EVEREST trial’

() ACM+HHF by Discharge Congestion Score

Table | Grading scale for investigator-assessed signs
and symptoms of congestion

Sigml' 0 1
SyWCﬂH

Dyspncea
Orthopnoea

Fangue

Curmulaiive Event Rate (%)

||I\L:| on B :J

Rales

Oederma

Tirme from randomizaton (momths)

Amng paﬂens admitle for wnr‘seni sis and symptoms r:r HF and reduced EF, congestion improves substantially
during hospitalization in response to standard therapy alone. However, patients with absent or minimal resting signs
and symptoms at discharge still experienced a high mortality and readmission rate,

EurHJ




CKJ] REVIEW

Focus on renal congestion in heart failure

Mechanisms
Systemic event '*

- Cardiac output | g
e rraaetnon * attenuating the transglomerular pressure gradient

- AAAS/SHS activation: SVR 1 * nse in renal interstitial pressure

Mol vicpniiss ; * local hypoxia
-REF | * lowering the GFR

- Renal venous congeston ; . - il - .
R fiaraiis g * affect '.he_eme capillary bed _.mu the lubgles

- Peritubular pressure 1 * compression of the tubules raises the luminal
fo et aptoreogutanan: pressure

- Renal perfusion pressure |

- GFR |

e

Prior CKTI - Diuretics/ultrafiftration
RAS | - Vasodilators/vasoprassors
: - Inatropes vasculsr oysfunction via endothelisl actvation

and enharced anerial stiness

i reduce myocardal contractifty by functional
- Oxidative stress supprecsion of the contractile apparatus and by

- Humeral/celular immunity increatad myocardial
- Endothelialfmicrovascular hanimen y

dysfunction
- Electrolyte requlation sbsorption of pro-nflarmretory endgotonn from the bowel

Clin kidney journal
2016




Take home messages:

- Paumentata incidenza di ADHF e ACS Spiega il frequente riscontro di
SCR tipo 1 nei pazienti ricoverati nelle UTIC

Acute Heart Failure B Acute Coronary Syndrome
60

>

S0

3
-t
a
" 3
&
s
—
o
@
L)
<
a
=
w
=

-RRT - requ'ifrifri-g AKI occours in approximately 5-10% of patients in ICU
and their mortality rate is unacceptably high (50-60%) -

Cruz DN. Crit Care, 2009, 13: 211-220
- DOI Nephron 2016, 134: 141-44




- come ben sappiamo si tratta di quadro i cui meccanismi
fisiopatologici non sono univoci e del tutto conosciuti

- uno dei fattori determina‘nti‘la SCR tipo 1 e classicamente
rappresentato dalla riduzione della portata cardiaca (CO)

-un ruolo fisiopatologico sempre piu importante viene attribuito
alla CONGESTIONE VENOSA tanto da essere arrivati a parlare di
CONGESTIVE RENAL FAILURE

“Wet and cold’ "Wet and warm’
Fenal venous pressure 1 Fenal venous pressure
| REF 1 Disconcordantly reduced REF
- swuramente i meccamsml . . : :
Impaired autoregulation Impaired autoregulation
emodmamlcl sono piu comple55| , , : .
Dry and cold Diry and wanm
a Seconda delle "lteraZIOnl Che EEF 1 Disconcordanthy reduced REF
SI stablhscono tra CONGESTIONE Impaired autoregulation Intrarenal microvascular
dysregulation

e PERFUSIONE = SR S Strongly decreased Relatively preserved

Systemic perfusion

~McCullough Contrib Neprol 2013
Afsar CKJ 2016




- necessita di identificare markers precoci di danno
renale

i
Normal

M iciatin C

Creatinine




- @’ stato stabilito anche il ruolo di meccanismi NON EMODINAMICI

tra i quali
Infiammazione,

Risposta Immunitaria

Acute kidney injury and chronic kidney disease:
an integrated clinical syndrome

Maladaptive
response

Fropomon surving
- o

&0 80

Mcnths of follow-wup from baselre

Figure 2 | Effect of acute kidney injury (AKI) frequency on

outcomes.”® Survival to stage 4 chronic kidney disease (CKD) in

Physians must provide Iog-te follow-p to ptients with
first episodes of AKI, even if they presented with normal renal
function.

Kldney International 2012; 82: 516-524
Belayev Curr opin Nephrol Hypertens









