Contents

PartI General ICU Topics

1

Evidence Based Critical Care ...........c...ccooovvvviiiiiiiiiiiiciceeeee e

References.............

“Less Is More”’: The New Paradigm in Critical Care .........................

References.............

“Classic” Papers..

Critical Care Medicine 101 ................cooooiviiiiiiiiiiieeeeeeeee e
Factors to Consider When a Patient is Admitted to the ICU.....................
Initial “Generic” Treatment Orders...........coovvvvvieeeeeiivreeeeeerireeeeeeeirreeeeeenns

Reference...............

House Officers Guidelines 1: Housekeeping.................c.cccecvevivnnennn.

Admission History
Daily Examination
General..............
Vital Signs (24 h

and Physical Examination ..........ccccceevvvevcvernieenvennnen.

Min and Max and Current) ........cccceeeeeevivveeeeeennnnnn..

Additional ODSEIVALIONS ........ccovivvrieeeeiiirieeeeeeiieeeeeeeeireeeeeeesareeeeeeenannes

The Ventilator....

Importance of the Daily Neurological Examination...........c..ccccceeeunene

Laboratory Tests....
Imaging .................

Presenting on Daily RoOUNdS.........coocvviiiiiniiniiiniiiiieicceeeecee e,

New Admissions

XV



Xvi

Contents
FOIOW UP PatientS......cccveeriiiiiierieeiiesieeieere ettt 28
CHNICAL PEATLS ...cvvieiiieiieeiieiie ettt et 28
RETEIENCES ....iiiiieiieete ettt ettt e 28
House Officers Guidelines 2: Procedures ...............ccccccoevvievienirennennen. 29
Murphy’s Laws of Procedures ...........ccceevveevieeniiinieenieeiieneeeieesieeieeees 29
Central VENOUS ACCESS ..vvevveeeieiieeriieeieenireeiteeniteeieestesteessesnseessseesseensnes 30
Subclavian Vein Catheterization ............ecveevveerieeneeniieenieenieeenieesveeeeens 31
Internal Jugular Vein Catheterization.........cc.ceevvereeerieenieenieenieenieennne. 32
Femoral Vein Catheterization..........cceevveerieeriennieenieeiienieeee e e 33
Complications of Central Venous ACCESS ........cceeveeriveerueenuernieerivennneens 34
ATLETIAl CAthELETS ..eevviiiieeiieiie ettt 34
Naso/Oro Gastric TUDES .......cccueeriririeerieeiierie ettt sttt 35
Feeding TUDES ......c.coouiriiniiiiiicc e e 36
Thoracentesis and Paracentesis.........ceecueerveerieriieenieniieeniesreeneesieeseeenenes 36
CINICAl PEATIS ..co.evieiieiiiieiieeii ettt 37
RETEIENCES ....iiiiieiieeieee ettt 37
Admission-Discharge Criteria ..............c.ccoceeviiniiniinniiicceeeeeee, 39
ICU AdmisSion CIiteTia .....eerueeirueereeriieenieeiieenieeieeseeeieesreeseesaeesseesanes 39
Prioritization of Potential ICU AdMmiSSIONS ........eevveerverrieervennieenieenieennes 40
PIIOTIEY 1 oeeiiiieieetieee ettt ettt e st 40
PIIOTIEY 2 oottt sttt sttt 40
PIIOTIEY 3 oottt ettt st et e st ebe e 40
PIIOTIEY 4 oottt ettt ettt e st e 41
Transfer from Another Hospital: Variable Priority .........cccccceevveenennee. 41
Disease Specific Indications for ICU AdmisSion.........cccceeeeveevieerieenieennnn. 41
Cardiovascular SYSTEM .......cevviirierieeiienieeite st esieesteeieesaeebeesreeaeens 41
Pulmonary SYStEIM ......cccuieviiiiierieeieeeieeitere ettt 42
Neurological DiSOTdErs .........cceecveriieriineeniinieneiieneeieneereseee e 42
Drug Ingestion and Drug OVerdose ...........cocevereenernieneenieneenieneennenns 42
Gastrointestinal DiSOTders.........ccueeverriieriierriienieerieenie et eieesre e 43
ENAOCTINEG ....viiiiieiieiieeeee ettt st 43
ReNal DiSOTATS......eoiuiiiiiiriiiiiienieeiteste ettt ettt 43
POStOPETAtiVe CaT® .....eeeuveeeiieiieiieeieeste ettt s 44
MISCEIIANEOUS ...eovvvieiiieiieiie ettt ettt ettt et e et esebeebaesanes 44
Physiologic Indication for ICU AdmiSSion.........cccceevveerieerversieeneeenieennnn. 44
DiSCharge Criteria......coiieerueerieiiieieeieeste ettt ettt e et e e aee e 44
REFEIENCE ..vvieiiieteee e st 45
Chronic Critical Illness and the Long Term Sequela
Of Critical Care.............ooovvieiiiiiiiecece e 47
Neuromuscular AbNOTMAlItIEs ........c.eevvervieriieeiiienieeieenieereeneesreesiee e 49
Critical Illness Polyneuropathy ...........cceecveeeiierieeneeniieenieenieeieeseeeieens 49
Critical Illness Myopathy (See also Chap. 32 on Nutrition)................. 49
Brain DySfunCtion........occeviieiienieeiienieceerte ettt 51

“Prevention” Of CCl.........cooiriiiiiiiiiiieeeeeeeeee et eeeaaaes 51



Contents xvii

10

Management Of CClL.........cccoeviiiiiienieeiierieeieenre et 52
TESTIMZ e eeteeiteesite ettt ettt et ettt e st e et e s atesbeesabeenbeesabeenbeesabeensaenanas 52
General Management..........ocueerueeeieeriieniieenieenieenieeseeesieesaeenieesneeeeens 53
Stress HyperglyCemia .......oeoveviereenineenenienienicieeeeieeecneceteseceae e 53
Metabolic BOne DiSEase .......c..cocueveriineeniineeninienieeieneeienieeienieeiene 53
ANAbOLIC StETOIAS. ...c.veruiiiirieiieierieeeeeeceeec et 54
EXercise Program ........ccceviiiiierieeiieiieceere ettt 54

REfEIENCES...c..veiiiiiiiieiieeecte e e 54

Fluid Responsiveness and Fluid Resuscitation.................cccccoceeneenee. 57

Echocardiographic Assessment of Fluid Responsiveness.........c..c..cc....... 66
Static Echocardiographic Parameters............ccocveveeriiieniencieeneenienneen. 66
Dynamic Echocardiographic Parameters...........ccoeceevverieeneenieeneeennnn. 66

Passive Leg Raising (PLR) .....coccoiviiniiiiniiiiiiiicnicienecceeceeeceeee e 67

The Fluid Challenge.......c.cocveveriinirienienienienienieerenieeteneeee e 69

Fluid Boluses in Volume Responsive Patients ...........cccocceevvieeneenieenieennen. 71

What Type of FIUIA? ...ccvoiiiiiiiiieeeeeceeeeee et 72
Lactated Ringer’s (Hartmann’s Solution) vs. 0.9 % NaCl
(AD-Normal SaliNe) ......ccceeeiiiieeiiiieeiiee et e eree e vae e eaae e 72

Complications Associated with 0.9 % NaCl vs. Lactate

RiNGErs SOIUtION. ....cc.eeiiriiiiiriiiiiiicecrce et e 73
Renal Failure..........coocooiiiiiiiniiiiiiiicciceccceeeccscceseeeeeeieae 73
Hyperchloremic Metabolic Acidosis and DEATH..........cccccccceeeneenen. 73
Lactate Generates HC O3 .....ooooioiviiiiieiieiee et 73
Ringer’s Lactate and Kidney DiS€ase ........ccoceeveerverriienienneenieeieennne. 74
Ringers Lactate and Liver DiSease.........cocceevvervienieisieenieeneesieeieenne 75
CoaGUIOPALNY ..ottt 75
Lactate as a Metabolic Fuel .........c..coccoveeviiininiinininicicicneeee 75

ATDUIII .ottt 76

Hetastarches (HES) .......cooiiiiiiiiie e e 77

S0, Which FIUIA?...c..coiiiiiiiieiieeeeeee e 78

Resuscitation in Specific Disease States........cocvvvveerveerierireesieenieenieennn 78
HemOTThage. ....vveevieiiieieeie ettt 78
Traumatic Brain INJUIy.......cccoceevieriiieniiniienieeeesceee et 79
DehYdration........coeuieiiierieniieiieeieete ettt ettt st 79
Sepsis (ANA STRS) ..vviiiiiiieeiteteeeeeeeteete et 80
BUIMNS ¢ttt 80

Management Of OliGUITIA......ccceviriiririiniiireeneeeeeeeeceee e 80
Management of Volume Overload/Acute Pulmonary Edema............... 81

REfEIOINCES...c..eeiieiiiiieiieece e e 81

Assessment of Cardiac Function and Cardiac Output........................ 89

Echocardiographic Assessment of Cardiac Function..........ccceeceevvvenennee. 89

Methods of Measuring CardiaC OUtPUL.........c.ccecvereerierienienicnienieneeeee 90
Pulmonary Artery Catheter .........cevvveerieriieniiiienieeeeereeee e 90

Transpulmonary Thermodilution ...........ccccevevirviencieinienieeree e, 91



Xviii

11

12

13

Contents
Pulse Contour ANALYSIS ....ccuveeveerieriieerieeriienieesieesteeieesveenteesereesseesnnes 92
Esophageal DOPPIEr.......c..cocueririiniiiinieniineenceeenieeeseeie e 93
USCOM .ttt e 93
BIOTCACLANCE. ...couveeeenieriieieeiteieetecete et 94
Utility of Cardiac Output MONILOTING ....c..eeevveerererrieerieeiienreeieesieesieenenes 94
Determining Fluid and Inotrope Responsiveness ........c..ccccceeeeveeeeenenne 94
Driving up CI to Supranormal Values...........ccoccevererieneeneneenieneennene 94
REfEIENCES...c..veiiiiiiiieiieeecte e e 95
Peri-operative Fluid Optimization ..................ccccooviiiiiiniinninnieeeeen, 99
REfEIOINCES...c..veiieiiiiieicee e e 104
SEPSIS ..ottt e sa et e e e ae e e ees 107
Bacteriology and Sites of Infection...........cceceeriirviencieiiieniiecieeieeeeee, 108
Pathophysiology Of SePSiS ..cccviiriierieiriiiiieeieeieeteeie e 109
Septic “Cardiomyopatiy” ........ccceeecueeriieriieerienieeeenieeree e eiee e eeeens 109
Complications Associated With SEePSiS......ccccuevvveerieriiieniencierniesieeiens 111
Clinical Features and Diagnosis of Sepsis.....ccccceveervierrieriieenieenieenieennne. 112
Organ Dysfunction in Severe Sepsis/Septic Shock.........ccecvvvvveriennenn. 112
Management Of SEPSIS ....eevveerieiriierieeiierieeteerte ettt s 115
ANtIbIOtIC TRETAPY .eevvieiieiieiiieiieeite et 118
Fluid Therapy (See also Chap. 9)......ccccuevvieriiinienieeiierieeee e 119
Vasopressors and INOtropic AZENtS .........cceeceerereenerrieneenueneesieneennenns 124
B-Blockers and Phenylephrine in Septic Shock .........cccecveviiniinieenee. 128
Resuscitation End-PoOints .........cccccoceeviireenineneneneneneeicneeeneeiene 129
The Dangers of a HIGH CVP......c..ocooviiiiniiniiiiincceceeee 130
Does Tissue Hypoxia and Mitochondrial Dysfunction
EXISE AN SEPSIST weeeuriiiiiiiierieeiterte ettt ettt ettt ettt e 133
Case EXAMPIL.....ccveriiiiiieeiieie ettt ettt st 136
REfEIOINCES...c..veiieiiiiieiiiectet e e 137
The Stress Response, Stress Hyperglycemia
and Stress Hyperlactemia...................cccocooveiniecininiecineeeeeeeeeeeens 149
The Stress REeSPOMNSE ......eevuvieiieriieiiienieeitesieeie ettt st sveesaee e 149
Cardiovascular Effects of the Stress Response .........cccoeveeveveeneeniennenn. 152
Immune Effects of the Stress Response..........cocvevcvvvvivencieenienieenieennne. 152
Metabolic Effects of the Stress ReSponse.........ccceecvevvvenieeneenieenieenne. 153
Stress HyperglyCemia ......oo.eovererienenieniniinieienceicceeceeereeeeeneeeee 153
Treatment of “Stress Hyperglycemia” ..........cccovvevciiinieniienneenieenieenene. 155
SO What to DOl ..ot 157
How to Achieve These GOoals? ........ccceveevireenirienenicnieieneeiceeeiene 157
Glucose Control and Steroids ........ccccoveeverienieriienienienenieneeieneeee e 158
Stress Hyperlactemia .........eecveerveeriienieiiienieeieesieeieesee e 158
Lactate MetaboliSIm........cc.ceveriiriiniiiinieniineeneeeenieereseere e 159
Lactate as a Marker of I1Iness SEVETrity ........cceeveercierneenieeneenieeieenne. 160

Lactate as a Marker of MetaboliC StressS.......ccovvvviieiiiiveeeeeienireeeeeeennns 161



Contents Xix

14

15

Lactate as a Metabolic Fuel ..........cccovvviviieniiiniiniccieeieeee e, 162
Heart Metabolism and Lactate..........cceceeveeriinnienieeniienieeee e 163
Brain Metabolism and Lactate..........cccceeveeriirneenieiieenieeee e 163
RETEIENCES ....iiiiieiieete ettt ettt e 164
Understanding the Vital Signs: BP, HR, RR, TEMP,
S0, «c. ANA SV oo s 169
BlOOA PrESSUTIE ..c..veeevieiieeiieite ettt ettt 169
The Brain-Heart Distance and the Giraffe Theory of Blood Pressure
Determination in HUMANS ........coocvevviiriienieniieieeniecieeereeiee e 170
What’s a Normal Blood Pressure? .........oooeeviveneenieiniienieeseesieeeeeene 171
BP Thresholds for the Intensivist/Anesthesiologist..........cccceevveeuennee. 172
Non-Invasive Blood Pressure (NIBP) vs Arterial Line Blood Pressure
(IAP) and Systolic Blood Pressure (SBP) vs Mean Arterial
Pressure (IMAP) .....uvvei et 172
Central vs Peripheral Blood Pressure Measurement..........c..cccceeeunenee. 173
Blood Pressure Autoregulation ...........cocceveeeenerreenernieneenieneenieneennenne 174
MAP, Organ Failure and Death...........cccccocevveninnininninninicicneeene 175
CArculatory SHOCK ......cooviviiieiiiiiieieeieee et 176
PUISE RALC....eeiiiieiieeiieteeee ettt 177
Respiratory Rate (& Pattern) ........occeeeveevieeiieniieiienieeeeseeeiee e 178
TEMPETALULE ......eeeuvieiieeiieiieeieeete et e site et e st e et esbaeebeebeesbeenseesaseenaeenanes 179
PUISE OXIMELIY..eeuviieeiieiieeieeite ettt ettt et e e eaeeseees 179
Too Much OXygen Kills.......cccceeriiiriieniiiiienieeieerieeie et 184
Analysis of the Oximetric Waveform...........cccoeeevevviviencieeneenieeieene. 188
Stroke Volume: The 6th Vital Sign........ccceeeveviieniiinieniieienieeieesieeeene 189
Putting the Vital Signs Together.........cccccoceeviiiineniininiiinceccee 190
Early Warning Scoring Systems and Rapid Response Teams............... 191
RETEIENCES ....ieiiieiieeiieeeeee ettt 192
Management of Pain, Agitation and Delirium ..................................... 197
Assessing the Level of Pain and Sedation...........cccccevevevviencienneenieeneennen. 200
The Ramsey Sedation Scale..........cccceevieerieniiinieniieieeereeee e 201
The Richmond Agitation-Sedation Scale (RASS) .....ccccecvevvvvrieenieennnn. 201
Sedation VACATIONS ........eevierriieniieeiienieeite et eieesteeteesteesieesareebeesaseeneeens 202
Non-pharmacologic Interventions.............ccoceevereecveneerieneenieneeneneeneenae 202
DELITTUM ..ottt ettt ettt e st et esabeebeesaees 202
Sedative and Analgesics AENLS........cocvererrereerieneeniineenieneeneeeeeneeeennens 205
LOTaZEPAM.....iiiiieiiieiie ettt ettt ettt e st e ebeesanes 205
MIAAZOIAIM ..ottt et e 206
PrOPOTOL....ciiiieieeeee et 206
Dexmedetomidine .........c.eevveeriierieriiienieeieente ettt eiee s aee e 207
HaIOPETIAOL ...ttt st e 208
Fentanyl.......c.cooviieiiiiiiiiieie ettt sttt st 208
IMOTPIINE...c.tieiiieiteiie ettt ettt e st e ebeesebeebaesanes 208

MEPETIAINE ....eoneieeiiieiieeiierte ettt ettt ettt st e e et e sebeebaenanes 208



XX

16

Contents

Neuromuscular Blockade.........c..ccoevieneriininiininiiniiicnceiccecsceee e 209
Neuromuscular Blocking AZents .........ccceceeviirnienieiniienieeneesieeneennes 209
REfEIOINCES ..ottt e 210
Hospital Acquired Infections and Their Prevention........................... 213
Colonization with Multidrug Resistant Organisms.........c..ccccceveeveereeuenne. 215
Handwashing and Infection Control Measures...........cccccveveveerveerveenneennnn. 216
Handwashing..........cooevieririeniiiieeeceee e 216
Chlorhexidine Bathing........cccccocceveeiiniininiininiiiniceeeccececee e 216
Gloves and Gowns and Healthcare Provider Apparel...........ccccevenee. 217
Universal Screening for MDR’s and “Protective Isolation™ ................. 217
Oropharyngeal and Gastrointestinal Decolonization............cc.cceceuee.... 218
Private Rooms and Environmental Control ............ccccceeveveenienieenieennee. 219
Central Line Associated Blood Stream Infection...........ccccecveeviverieeneennee. 220
Management of CLABSIS ...c..cocoiiiiiniininiencneneccneceseeresieeiene 224
Antibiotics LOCK Therapy ......ccceecveevieerierniieniiiienieeieesieeiee e 225
Prevention of CLABST......ccccoiiiiiiiiieieceeeeceeeseeeeeeeae 225
Catheter Associated Urinary Tract Infection...........cceceevviencierceenieenieennen. 227
Ventilator Associated Pneumonia ..........c.cceeeveevenienienicncnicncnnicneeeee 229
Pathogenesis Of VAP .......cooiiiiiiiieeieeceeeetee et 230
DiAagnosis Of VAP ....c.oiiiiiiiiiieeeeeeeetee ettt 232
TIEALMENL ...ttt ettt ettt st eae 234
General Concepts for the Antimicrobial Treatment of VAP ................. 234
Empiric Antibiotic ChOICES.......cccuerviieriieiienieeieerie et 235
“Specific” Interventions for Prevention of VAP..........ccccoeeivviiniennenn. 235
Clostridium difficile INfECtiON .........cccuveviiriiiiiiiiieieeeeeeee e 239
Laboratory DIagnosis........cocuereeierieeieneeniineenenieneeieneere e sieenene 241
SIZMOIAOSCOPY ..euveuriiieniieiieitetenieete sttt ettt 242
TIEALMENL ...ttt ettt ettt st eae 243
FidaXOmiCin «...cooueruieniiiiiiirieiceteeeecec et 244
Adjunctive Treatment OPONS .......cceevverrierieerieenreereeereesiee e eseee e 244
PrODIOLICS .ottt 245
Surgical INtervVention.......ccueriierierieeite ettt e e 245
Nosocomial RhinOSINUSITUS .....cc.eevueriererieniiriinenieneeieeeeeseeee e 246
REfEIONCES...c.uveiiiiiiiieiiieee e e 248

PartII Pulmonary

17

The Bacterial Pneumonias: A New Treatment Paradigm.................... 261
Unified Treatment AlOrithm.........cccccovenieniiniineniciinicieeiceeeccee e 263
No Risk Factors for a CAP-DRP ........ccccoocoviininiinininiiinicicnieee 263
Risk Factors for CAP-DRPS ........cccceoimieninieniiienenicnecicnecienieeiene 264
Influenza (Co-Existent or Influenza Pneumonia)..............cccoeeevneenneen. 264
Diagnostic Testing of Hospitalized Patients with Pneumonia .............. 265
Non-Infectious Diseases Masquerading as Pneumonia..........cccceceeueeeee 265
Special ConSIAETatioNS.......cccveerurerrreerieeiierreeieesieereeseeesreesreebeesreeeeens 266

Severe CAP with no MDR Risk Factors...........ccceevvvvieiieiinreeeeeeinene. 266



Contents XXi

18

19

20

Community-Acquired MRSA Pneumonia (CA-MRSA) ......ccccoeeeene 266
AspIration Pneumonia..........coceevveerieeniernienieenieenie e sreesiee e esiee e 267
Nursing Home-Acquired Pneumonia............ccoceeeeeneerieneenieneeneneennens 269
Persistent Temperature/Failure to Respond to RX........cceceevieriinieenne. 269
Unusual PathOZens ........coouevveririiniiiinieicneeniceteececseeeseeresieeieae 270
Complicated Pleural Effusion/Empyema..........cccoccevevieniencierneenienneen. 271
REfEIOINCES...c.ueeiieiiiiieiceeee e 271
FEVEE ... e 275
Common Misconception and Fables..........ccccceviivvieniiiinienieniienieeeeen, 275
Pathogenesis Of FeVET .......ccooviviiiiniininiiiccecccccce e 276
Treatment Of FEVET .......ccviviiiiiiieeieeceetee e 276
Causes of Fever in the ICU ........c.ccocvviiiniiniieniecceeceeeeee et 278
Infectious Causes of Fever in the ICU ........c.ccoocvevciiivienieenienieceeee, 279
Non-Infections Causes of Fever in the ICU........ccccoevvvvieviieniienieennen. 279
Non-Infectious Causes Of FEVET.........cocvvviiriiinieniiiieeieeee e, 279
An Approach to the Febrile ICU Patient..........cccocceeveverrienciennieenieeeenen. 286
Clinical Pearls ........coceeoverieriiniiniiiiiceieneeeseeeee et e 288
REfEIOINCES...c..veiieiiiiieiiieet e e 288
Mechanical Ventilation 101 .................cccoviiiiiiiniiinieeeeee e, 291
Alveolar Overdistension Damages Normal Lungs .........cc.ceceeervvencencnne. 293
Ventilator Variables and Modes of Ventilation...........cccccceeveveevieerieenieennen. 293
Ventilator Variables (See Table 19.1).......cccoeeiiiiiiiiiiciieeeeeeeeee, 297
Common Modes of Mechanical Ventilation ...........ccccceevveveverneenieenieennen. 299
Positive End-Expiratory Pressure (PEEP) ..........ccccooviiniiiviiiniiineeen, 303
AULO-PEEP ..ottt 305
Monitoring Patients Undergoing Mechanical Ventilation..................... 306
Sudden Increase in Airway Pressure and/or Fall
in Arterial Saturation..........c.eevveerieerieeniiereenie ettt 307
When to Perform a TracheoStomy .........ccceevvveeciieniennienniesieeeesieeieeee 307
Timing of Tracheostomy in the Critically Il ............cccocoevivininininne. 308
REfEIONCES...c.uveiiiiiiiieiiieee e e 308
Non-invasive Ventilation.................cccccoooiiviiiniiiiiiiniiice e, 311
SEE P ettt ettt ettt ettt et s e et e st e et be e st e ebeesabeenaee s 312
INitial SETHNES «ouveeuveiieiieiietieeete ettt e 312
Indications of NIV .....cc.coiiiiiiiniiieeeeeeeeeee e e 313
COPD EXaCETrDaAtiONS .....eeoveereiiiiieniieeiiesieeieesieesieesveeieesiaesveesneeneeens 313
Acute Cardiogenic Pulmonary Edema..........cc.ccocceveeiiininncninicnienenns 313
Facilitating Extubation in COPD Patients ........c..ccocceceveeveneenieneenienns 313
Immunocompromised Patients..........ccccceeveeriirnienieinienieece e, 314
PoSt-0perative Patients .......c.cecveerieriieenieeiienie et 314
When to Use NIV ..ottt e 315
Hypercapnic Respiratory Failure ...........cocccevevivvienciiinienieeienieeeeee, 315

Hypoxemic Respiratory Failure ..........ccccooevveenininnninnncniccnieiene 315



XXii

21

22

23

Contents

Contraindications to NIPPV .......cccccoiiiiiiiiiiiiiiiiecteeeeeeeeeeeee 315
Success and Failure Criteria for NIPPV .......cccccoooviiiiiiniiniiiiiieeee 316
RETEIENCES ....iiiiieiieete ettt ettt e 316
Liberation (Weaning from Mechanical Ventilation)........................... 319
GENETAL CONCEPLS ..eeuvieireeiieiieiieeniteeieesiteeteesiteebeesetesbeesseenseesnseeseennnas 319
Effect of Liberation on Oxygen Consumption and Cardiac Function.. 320
Fluid Overload and Liberation Failure............cccccevcieviiinienieenienieenen. 320
Vasopressors and Inotropic Agents and Weaning ..........ccccceeeeveeeenenne 321
Mechanical Ventilation Liberation Process .........cccoevevrviervieeneencieeneennnn. 322
“Readiness” TESHING .....ccovereereriereeienieeientetesteteetesie et 322
Spontaneous Breathing Trials ........cccccoceeverienieniininiienincnceicceee 323
Causes of Liberation Failure...........ccoceeveveerieniienienieeienieeieesveeieene 324
Early Extubation Followed by NIV in COPD ..........cccceeevvvriinieniennnn. 324
NIV for Persistent Liberation Failure ...........cccooceeveviiiiencieenienieeeeee, 324
Extubation Failure...........ccocvvviiirieiiieiiicieiectec et 325
Patients at High Risk of Extubation Failure.............cccccovevveniiniennennnee. 325
The Cuff Leak Test.....cccvveriieieiiieieeieerteeieete ettt 326
Corticosteroids for the Prevention of Post-extubation Stridor.............. 326
RETEIENCES ....iiiiiiiieeieeeeee et ettt 326
Arterial Blood Gas Analysis...........ccccoecieniiniiiiniiniieic e, 329
Indications for ABG Sampling.........cceccvevveevieenienniienieeiieneeeieesveeniee e 329
ABG Sampling.......coeeoviiieiiniiniiieneeeneeesteee e e 330
ABG ANALYSIS 1evtenvieeiiieiiieeieeriteeieente et e stesteesiteebeesitesbeesbeenbeesnaeenaeennnes 331
Alveolar VEentilation ...........ceecveerieeiiieniennienie et 332
OXYZENALION ...ttt ettt sttt sttt ettt et ese et entesbeeneenaee 332
Acid-Base BalancCe..........cocvieiienieeiiieiieeiecie e 334
A Step Wise Approach to Acid-Base Disorders.........cccoeveeveveeveenieeneeennen. 335
Common Acid Base Disturbances in the ICU.........ccccccooveriervienieeieennen. 338
Metabolic ACIAOSIS. .ouvvieriereiieiierieeite st eieeste et et e sre et e sebeebaesanes 338
Metabolic ATKALOSIS ....oevveerereriienieeiiesieeiteste ettt sre e e sereeaee e 341
Venous Blood Gas Analysis (VBGS) ....cocveeviieniiniieenieiieenieeiee e 342
Mixed Venous/Central Venous Oxygen Saturation...........c.cceeeveerveenueennen. 343
RETEIENCES .. .ieiiiiiieeiieeeee ettt 344
ARDS ...ttt 349
Definition, Causes and Assessment Of SEVerity .......c.ccevvvervverrieerieerieennnn. 349
Definition of ALI According the American European Consensus........ 349
Acute Lung Injury (ALI) coc.coevvievieiiieiiieeeeteetee e 349
Acute Respiratory Distress Syndrome (ARDS).......ccccceveveeiiiniiieneennnn. 350
Pathophysiological Definition of ARDS .......cc.ccooiniiiiniiiiniiinieiens 350
CauSes OFf ALL ..ooiiiiiieiiieieeeie ettt ettt et e 351
Management of the Acute Phase of ARDS .........ccccoviiiiiiniiniiiiieeeeee, 351
Ventilatory SIrAtEZY .....cceeeveerieerieeiienreeeenteeieeste et e e e teesereeaeenanes 352

Pressure Controlled Ventilation............coveeeeeeiiieeeeeiinieeieeeeeiieeeeeeesnnes 355



Contents XXiii

24

25

26

Airway Pressure Release Ventilation ..........c.ccceeeevceeenieenieeneenieenieennne. 357
Permissive Hypercapnia...........ccecueevueerieeniieniienieenieeieesieesiee e esiee e 359
BEStPEEP ... et 359
Recruitment Man@uUVETS .........cc.eeeeviieeiiieeecieeeeieeeeneeeeiveeeeiveeeevee e e 361
Non-Ventilatory Adjuncts to Gas EXchange ..........cceeeevvevveenienieeneenen, 361
Prone POSItIONING ....c..coverierieniiriiniieieececeeee et 361
Neuromuscular Blocking AZents .........ccceceevvirnienieiniienieeneesieeieenees 362
ECMO ...ttt ettt e r et v e et v e eaaeeanas 362
COTtICOSIETOIAS ...uvvieeiiiieeiiieecieeeeiee e e e et e et e e etreeetreeesereeeeaaaeesaaaeaans 363
Inhaled Nitric OXide ......ccccveieiiiiiiiiieeiee et 365
Nebulized ProStacyClin ........cecveeeieriieenienniienieeieesieeiee et 365
B,-Adrenergic Receptor AONiSts.........cecveveeiereenieneeneneeneneeneniennens 365
SUMACTANE ...ttt e e e e e e tbeeesereeeeavaeesaaneaens 365
Omega-3 Enteral NULIItON. .....cocveveeriireenenienicniciceecceecseceeeseeeee e 366
“Our” Approach to Refractory HypoXemia .........ccccceevveenienciennieennennnen. 366
RETEIENCES .....vviiiiiieeiee ettt et e e aa e eaneas 367
COPD Exacerbation ................cccoooviiiiiiiiiiiiiecie e 373
Common Precipitating EVENtS .........ccecveviiriieniiiiinicceeseecee e 374
Indications for Hospitalization............ccceeveeviieniinniieniieiiesieeee e, 375
Indications for ICU AdmiSSION ........ccc.eeeecvireeiiiieeiiee e 375
TIEALIMENL ...eecveiiieeeiieeeieee ettt e e et e e e vaeeetreeeareeesaraeeerseaenens 375
Indications for NPPV .......c..oooiiiiiiiic e 377
Indications for Endotracheal Intubation...............ccccceeviieeiiiiiiieceiieeeee. 377
Mechanical Ventilation in COPD...........ccccoeeiiiiiiiieiieece e 377
Suggested Initial SEtNZS....ccvereriererieniirieneeteeeeeeeeee e 378
RETEIENCES .....vvieiiieeeiee et et e e e e 378
Acute Severe Asthma..................ccoooiiiiiiiiiiice e 381
Indications for Admission to the ICU ............cccocoeiiieciiiiciii e, 382
Initial Treatment.........c.cooeiviiiiiiiieiiie ettt et e ve e e e e 382
Other Therapeutic OPtiONS.......ccveeierriieriieeiienieeree et erieeeeeeiee e eeeens 383
Complications of Acute AStHMA .......cccvevieeiieriiiiienieeeeeeeeee e 384
Noninvasive Positive-Pressure Ventilation in Status Asthmaticus............ 384
Indications for Intubation.............c.cccccveieeiiiieiiiie e 385
Sedation Post-intubation .............c.cceeviiieiiieiiiieeeiee e 386
Mechanical Ventilation..............ccccuvieeiiieeiiiieeiiee e e 386
Initial Ventilator SEtNES......covtrrveerieriiierieeieerte et 387
RETEIENCES .....vviiiiiieeiiee ettt et e e e e e 388
Pleural Effusions and Atelectasis ...................cccocoeiiiiiiiiiiiiiceeee, 391
Pleural Effusions..........ooovuiiiiiiiiieiie et 391
PathOphySI0lOZY ...c..covveiiiriiiieniieiericeete ettt 391
Drainage of Pleural Effusion........c..ccccoeveviniinininininiicnicicnceene 392

Hepatic HydrothOraX.........cceeeiiiiienieeiiieniecieerie et 393



XXiV

27

28

Contents
ALCIECTASIS .ottt ettt sttt ettt sae e 393
Respiratory TREIapy......cceeveeiierieeiieiiecteete ettt 394
IMUCOLYLICS. ¢ vteeieeeteeiieeieeeite ettt sttt ettt saae et esabeebeesnbeensaenanas 394
BronChOSCOPY ...veevieiiiiiiiiie ettt 395
BileVel/APRYV ...ttt 395
REfEIOINCES ..ottt e 396
Venous Thromboembolic Disease: DVT and PE ....................ccoee.... 399
Pregnancy, Venous Thromboembolism and Thrombophilias.................... 399
Site of Venous Thrombosis ........cccceervereriininiieneeniincencneeneeeeneeienee 400
The Veins of the Lower Limb .........cccoocvivviiniiiniiniiciieiecee e, 401
Suggested DVT Prophylaxis Protocols........c..ccceeeevineencnecncneencnnennen. 405
Diagnosis 0f DVT .....cccooiiiiiiiiiiiieeeenee ettt e 405
Distal Lower Extremity DVT.......ccocoiiiiiiiiiiiiiiieeceeecee e 406
Upper EXtremity DVT ....oocoioiiiiiiiiecieeetee ettt s 406
Superficial PhIEDItis .......ecvieriiiriieniieiiesieeeesieeeese e 407
Pulmonary EmMbDOLISM......cccueeriiiiiirieeiienieeieece et 408
Diagnosis of Pulmonary EmbolisSm .........cccoeevvvvieniiinieniicienieeeeee, 408
Treatment of Thromboembolic DiSease..........cccceevverrieerreeneenieenieennne. 411
Thrombolytic Therapy .......ccceceevcieriiieriieiienieeee et 413
Catheter Directed Clot Fragmentation and Aspiration..............c.cueeue... 418
Inhaled Nitric OXIde ......cceecveriievieriiiiinieiieeenceeene e 418
Vena Caval INteImuPtion .......cecveevveriieeniieiienie et 419
“Absolute Contraindications” for Anticoagulation with Heparin ......... 419
REfEIOINCES...c..veiieiiiiieiieece et e 419
Part III Cardiac
Hypertensive CriSes ...........ccccovvuierieiiiiinieeiieniecieenee et 429
DEfiNItIONS ..cvvetieiieiieiceieet ettt e 429
PathOphYSI0IOZY ....vevuiiiiiiiiiieeiit ettt s 430
Clinical Presentation ............cocceveeeerernieneenenieneneenieeeeneeieenie e 431
Initial Evaluation........c.ccoevvieiiriiiniiiinieicecenceeeececseceeseeesieeieae 432
Initial Management of Blood Pressure ..........cocovveerieenienciennieenieeeeene, 433
Resident (or Hospitalist) Called to the Floor for High
Blood Pressure: What to DO?.......ccceviirienineninieneiicnccieneeicneeiene 434
Drugs t0 AVOID......c..ooiiiiriiiieienieeteeeetc ettt 436
Recommended Antihypertensive AZENnts .......c..cocceveevvereeveneerueneennenne 437
Acute Postoperative Hypertension..........ccceeeveereereeenieenieeseenveeneennnes 439
Pre-operative Hypertension...........ceceevveerieenieenieenieeieenieesiee e esiee e 440
Posterior Reversible Encephalopathy Syndrome (PRES)......................... 441
Pregnancy-Induced PRES .........cccooiiiiiiiiiieeee e, 441
Drugs Associated with PRES ..........ccccoooiiiniiniiiinceciceeee 442

RETEIENCES ...eieiiietieiee et 442



Contents

29

30

Acute Decompensated Cardiac Failure..................cccoccooviinnnnnnnnnnn.
Confirm the Diagnosis of Cardiac Failure ............cccoeevevviiniieenienieeneenen.
Evaluation of the Patient with Cardiac Failure ..........cccccocceeinceninnnne
B-Type Natriuretic Peptides..........cccceevverrieniinnienieeiiesieeee e
Echocardiography .........ccoeeverienienieniinienieienceteseee st
Laboratory TSN .....eevveerieiiienieeitesteeieesteeieesire et e sre e e e sereebeesanes
Hemodynamic MONItOIINg.......cccueveeiireeniineenenieneeieneereneeresieeiene
Precipitating FaCtors ........ocviiiierieeiieiieccere ettt
TTEAMENT ..ceveeiiieiiiiiiecceee ettt st s
Acute Phase of Treatment ............coceevueveenineencnenennieneeieneeienieeiene
Treatment of ADHFE: SUMMATY......cccovvvivvieniiiiieniecieeereeiee e
Long-Term Management .........cccceevueeveeriiienieniieenienieeee e
Systolic Heart Failure ...........cccoccveeiieiiiniiieiienieeeeciceeesee e
Management of Patients with Heart Failure with Preserved Ejection
Fraction (HEFPEF)........ooouiiiiiiiiiececectee ettt
Takotsubo Cardiomyopatiy ..........cocverveeiiierienieenie et
Stressors Reported to Trigger Takotsubo
CardiomyOPati .....cc.ceevvierieeiierie ettt
Mayo Clinic Criteria for Takotsubo Cardiomyopathy ..........cc.ceeueeneee.
REfEIOINCES...c..veiieiiiiieiiieet e e

Acute Coronary Syndromes...............ccecveveeeeieenieenieeneesireeneeseeeneennnes
Unstable Angina/NSTEMI.......cc.coccoviiiiniininiienicenecieeeceeeceeeee e
Canadian Cardiovascular Classification of Angina..........ccecceeevverveenueennen.
Types of Presentations of Unstable ANgina ..........ccceevveervervveeneerieeneennne.
Differential Diagnosis.......cceeeeervieerieriiienieeiienie ettt s
Electrocardio@raphy .......c.cceceveeriineenienieneneeeneeeseeeseeete e e
TTOPIMINS «.eeevvieeiteeiteete ettt ettt et e et e st e et e esbaesbeenbeesabeenseesnseeseennnas
Management of UA/NSTEMI.......ccccoociiiviiiiiiiiiiieieeeeeeeeiee e
Risk Stratification...........coeecverieiieniiiinieceeenceeeeeeseeeeeeseeee e
Thrombolysis in Myocardial Infarction
(TIMI) RiSK SCOT€.....uviieeiiiiiieeeiie ettt e
Global Registry of Acute Coronary Events (GRACE)
RISK MOEL ...ttt
Treatment Approach for UA and NSTEMI
(PER AHA GUIAEHNES) ....covenviriiieiieieeiectieiete ettt eveen e
Class I Recommendations. ..........coeevvereenenienieneenieneenieneeneceeeneeeee e
Class II Recommendations ............cccccoeererienieneenieneeneneeneeeeneeeneenaes
Treatment Approach to STEMI (PER AHA Guidelines)..........cccccocceue...
Class I Recommendations. ..........coeervereenienienieneenieneenieeeeneceeeneeenee e
Class II Recommendations ............cccccoeeruerienieneenieneeneneeneeeeneeeee e
Complications Following STEMI ..........c.ccooceniininiininiininiceecceeee
Recurrent Chest Pain Post-AMI..........ccccoociniiniiiininniniiinieieneeiene
Mitral RegUIZitation........coevievierieeiiienieeiienie ettt eiee e eeeesere e

XXV



XXVi

31

Contents

Left Ventricular Failure and Low Output States ..........ccecceeveerveenneennen. 478
Right Ventricular Infarction .........cc.ceceeveevinencnnenenncneenenecieneeiene 478
Atrial FIDIation ...c..coveiiirieniiiiiiiinceeccceeccceeseeeseeieae 478
REfEIOINCES ..ottt e 479
Arrhythmias ..o 481
Arrhythmias and Electrolyte Disturbances...........cccoeeveeveeniercieenieenieennen. 481
Acute Atrial Fibrillation/FIUtter .........cocccveeviiniinenieiinieieniciceecieeee e 482
Urgent CardioVerSION .......evuveeveerieeriienieerieenteesieesereeieesreesseeseseesseenanes 483
Rate CONIOL....couiiiiiiiiiiiirieiceteteeee ettt 483
Pharmacologic CardioVerSiON .........c.eevverrueerieenieenieeieenreesieesveesieenanes 484
ANLICOAZUIAION .....vieiiieiieiie ettt ettt e st 484
Multifocal Atrial Tachycardia (MAT) ....ccceevieriirnienieeieeneeeiee e 485
Paroxysmal Supraventricular Tachycardia (PSVT) ......ccccevvvvvvienivnnieennen. 485
MANAZEIMENL....c..eeuieieriieieriteteeteieeteeteeteeeee et sbe et s e b eresbeeneeae 486
SVT Mediated by Accessory Pathways ........ccccceeveeviiienienieeneenienneen. 486
Sinus Bradycardia..........ooveeveeniieniienieeiieeieeeesie e 487
Sick-Sinus SYNATOME......c.ceevuieriiiriiierieeiieeteeiee et eee st sre e e sreeeee s 487
Accelerated Idioventricular Rhythm..........ccccoviiiniiiniiiniiiniiciieieeeee, 487
Ventricular Premature Complexes and Bigeminy ..........cccoecveevverieeeeenen. 487
Nonsustained Ventricular Tachycardia.........ccoeceeviervierniieniieenienieeeeen. 488
Sustained Ventricular Tachycardia..........ceeeveeviieriieneeniiiinieenie e 488
Polymorphic Ventricular Tachycardia (Torsades De Pointes)................... 489
MANAZEIMENL. ...c..eevieiiriiiiiriteieetenieeteeteeste ettt etesbe b s eresbeeneene 489
REfEIOINCES...c..veiieiiiiieiieece et e 490

Part IV Gastrointestinal

32

33

Nutrition in the ICU: It’s Whey Cool................cccoocvirriiniiniienieeeeen, 493
Myths of Nutritional SUPPOTIt.......ccccveeciierieeiienieeieente et sveesiee e 494
Important Points t0 DieSt .......cccueerieriiienieeiiieiieeieenee et 495
How Many Calories and How Much Protein to Give? .........ccccceecvveuennen. 498

Muscle Wasting in Critical IIINess .........cccceeveerervenennenennenienieneeiene 499

Factors That Activate Muscle Synthesis by the mTOR Pathway.......... 502

Bolus vs. Continuous Feeding ............ccccevereenirnenennenenneneenieneeiene 504
So! What is the Best Way to Feed Critically 111 Patients?.............c........... 506
The Obese Patient .........cccceeeeriiiininienenieceieeeeeeteeeee e e 507
The Refeeding SyNdrome ...........c.eeceerieeieenieniieenieeieeee et sve e 507
REfEIOINCES...c.uveniieiiiiiiiciecc e e 508
Stress Ulcer Prophylaxis.............cccccooivieviiiieninieceeceeeee e 513
Does SUP Reduce GI Bleeding?........cccccoeevierienenienieneeniinecnenicnceee e 514
Enteral Nutrition and Stress-ulcer Prophylaxis........ccccceeveevveeneeniennieennen. 515
Complications Associated with Acid Suppressive Therapy...........cc.c...... 516
SO! What t0 DO7....ceeiiiiiiiiiieieteceeee et 517



Contents XXVii

34

35

H2 Receptor Antagonists (H2RA) ......coceviriininiinininiiinicicnieee 517
Proton Pump Inhibitors (PPIS).......ccccoevvievieniiiiiniiciieeeeee e, 518
SUCTAITALE ..ottt e 518
REfEIOINCES ..ottt e 519
Acute and Chronic Liver Disease ..............cccccoceceniniininnincnncncencnne. 523
Chronic Liver Failure........c..coceviiviiniiiineiniciieenicicsecieeeceeeeeceee e 523
Causes Of CIIThOSIS ...co.eevvirieririeriiiereeesteeseceeteeeee et 524
Metabolic/Hematologic Derangements in Cirrhosis.........c.ccocceeeuennee. 525
Spontaneous Bacterial Peritonitis .........ccceeeeveevieeriieneenieeneenieeieesveeieenn 525
Hepatic Encephalopathy ..........cccceevieiniiiniienieniieieeieee e 527
Grades of Hepatic Encephalopathy...........cccccevviienieniiiinieniieiienieeiene 528
Hepatorenal SYyndrome...........cccocueeveeriiienieeiieenieeieeneeeiee e eiee e siee e 529
Hepatorenal Syndrome: Diagnostic Criteria.........cooeeevereevueneerreneennenne 530
Diagnostic APPIOaCh.......ceviiviierieeiieiieeeerte ettt 530
Treatment of HRS ..o 531
Hepato-adrenal Syndrome ...........ccceecvevieeiieniennienieeeeseeeiee e 532
Pulmonary Consequences of Portal Hypertension...........ccecceeeeerveeneeenen. 532
Infection and CirrhOSiS. . ...cc.eeeeriiriieneriieneeiereereeeeeeeeee e 532
Supportive Care of the Hospitalized Cirrhotic........cccceevverceerneernennneen. 533
The Coagulopathy of Chronic Liver Disease.......cc.ccoccecvererviineenicncennene. 534
Portal Vein ThromboSis........cocvevirienirnenienenieeneeiceeeeeeceeeeeeeeee e 535
Acute-on-chronic Liver Failure..........c..ccocooveniiiiniininiininiinicnceece, 537
AICONOIIC HEPALILS ..eeenvieeiiieiieiiieiie ettt ettt s 538
Differential DiagnosiS......cccveevveerieriieeniieniienieeieenreeiee e esiee e seee e 539
MANAZEIMENL.....c..eeiuieieriieieriteieetenitete ettt et st et sbeene e nesbeeneeae 539
Fulminant Hepatic Failure ...........ccocceviiiiiinieniiieniieiccee e 540
Causes of Fulminant Hepatic Failure............ccocceeveeviiienieniiinienieeeene 541
Workup of Patients Presenting with FHF ............ccoccocciiiininnnn. 541
Cerebral Edema in FHF ..ot 542
Management of Increased ICP............coceviriiniiiininiiniiinicicneeee 543
SUPPOTLIVE IMEASUTES ... .eeeuvieeiieniieeiieeiieeteeieesieeieesteesseeseaesbeessseenseens 545
Indications for Liver Transplantation.........c.cceeeeerveevieenieeneenveenieennes 545
KNGS CriteTia....eoueeiirieeiiniieniieienieeese ettt 546
REfEIONCES...c.uveiiiiiiiieiiieee e e 546
GIBleeding...........cocooiiiiiiiiiiiiiiiiceeeceeeeee e e 551
Initial ASSESSIMENL ..c..eeuriuieiiieieeniietenieetenieete sttt ettt sae e 551
Initial RESUSCIAION ....vevveeuiiriiiiiiiiniieiencccsceese et e 553
Triage of Patients. Who to Admit to the ICU?.........ccccevivrviienienciieeennen, 555
Upper GI BIeeding........coceevuirieniiiiinieienieeiereeesteeeteeeeeeee e e 555
The Major Causes of UGIB Include..........ccocevvievciiiniiencieeneenieeieeee. 556
Further Management of Upper GI Bleeding (See Fig. 35.1) ....ccccoeenneee. 556
Further Management of Bleeding Peptic Ulcers........cccoocvevvveerverieennnennen. 557

Recurrent Hemorrhage..........co.cocveveiiiniininieniiiniicnecicsccesieeene 559



36

37

38

Contents
Further Management of Esophageal Varices..........cccoocevvviervieeniencieeneennen. 559
Management of Patients with Lower GI Bleeding..........cc.cccceerviincencnne 560
RETEIENCES ....iiiiieiieete ettt ettt e 562
PancreatitiS ...........c.ccooviiriiiiiiiiiece e 565
DIAGNOSIS. ¢ttt e 566
RisK Stratification.......cooveevuieriiiiieieeieeseeieee et 567
COMPIICATIONS ..eevvieeiieiieeieerte et eree et steete et e et e st e ebeesbeenbeeseseesaenanes 568
IMANAZEIMENL. .....eetieeiieeiiieeieeteeieerte et esteeteesieeebeesteesbeesaseenseesnseeseennnas 569
RETEIENCES .. .ieiiiiiieeiieeeee ettt 571
Diarrhea & Constipation................cccccooviiniiiniiiniincce e, 575
DIAITREA. ..ottt 575
Infectious DIarrhea..........oocveeuiiiiienieeiieeeeee e 575
“Non-Infectious” DIiarrhea..........cocvevierriieniieniienieeeeeie e 576
Antibiotic Associated Diarrhea (AAD).......cooovveeiieiieiiiieeeeeieeeee e 576
Enteral Feeding-Associated Diarrhoea ...........cooceeveviiiienciennicenieeieene, 576
Management of “Non-Infectious” Diarrhoea...........cccccoceevenveieniencns 576
The Use of Probiotics and Prebiotics.........evveecvierieniieiniiesieeiesieeneeee, 577
CONSIPALION ...vieniieeiiieiie ettt rte et eebe et eebe e st e ebeesabeenbeesnaeeseenanes 579
RETEIENCES ....iiiiiiiieeieeeeee et ettt 580
Part V. Miscellaneous
Transfusion of Blood and Blood Products.................c.ccocveriieniinnnnnnen. 585
Red Blood Cell TransfusSions ........eeveecveerieesieenieeiieenieeieeseeeieesveeneee e 585
WhY Transfuse? .....cooveerieriieiieeieee ettt s 586
Risks Associated with Blood Transfusion (See Fig. 38.1).....cccccccveeunenne. 586
Risks Associated with Blood Transfusion..........cceeceereeevieeniesieeneennne. 587
Transfusion-Associated Immunomodulation...........cccceeeeveereenieeneeennee. 588
“Age” of Transfused Red Blood Cells ........cccevvuievieniiiinienieenieenieeeene 590
TOIErance t0 ANEMIA .......cevvieiierieeiienreeieenteeieeste et e e eeeesbeeaeesaees 596
Weighing the Risks and Benefits of Blood Transfusion ............c...c...... 596
So, When Should Patients’ Be Transfused? ..........cccevvvviiiiiiiviiiieiiinnns 597
Coagulation Disorders in the ICU..........c..cocceviineniiiiniininiiiniceeeee 598
Fresh Frozen Plasma.........cc.oooieviiiiieniiiiiesiecccieeceee e 600
FFP Prior to Invasive Bedside Procedures or Surgery ..........ccoceevuennee. 601
ParaCeNLESIS . eeeiietieiieeiieete ettt et st 604
Management of Non-therapeutic INRs With or Without Bleeding
(Due to Coumadin Therapy) ......ccceceerveervieenieeriieenienieenieeseeeieesveeeeens 604
Platelet TransfUuSiON.........eecveerieiiiierie ettt 606
Heparin Associated Thrombocytopenia.........cccueeveereeerieencieesieesieenieennne. 610
Thrombotic Thrombocytopenic Purpura (TTP)......cccccevvivivieneeniieeenen, 612
CIYPIECIPILALE. .. eevveeeereeiieeieeriteeteerte et esiteebeesieeebeesatesbeeseseenbeesnseensaennnas 614

RETEIENCES ...eieiiietieiee et 614



Contents XXiX

39

40

41

Adrenal InSufficiency.............coocveviiniiiiiinieeeee e 621
Causes of Adrenal Insufficient/CirCi.........ccoccveevenienenieniniiincnicnceeee 622
Clinical Features of Adrenal Insufficiency/CirCi .......ccceovvevevevvieerieenieennen. 623
Diagnosis of Adrenal Insufficiency/CirCi.........ccocevveviericnencicncnnecncenncne. 624
Factors Affecting the Response to Corticosteroid Treatment ................... 625
The Immune Status of the HOSt ......cccooieviniininiiniiiniciceccneeee 625
Timing of COrtiCOStEIOIdS .....cverviruiriinieiireenieeieneeteneere e 626
Dose and DOSING StrateZy ......c.eeevevrieerieerienieerieenieeieesreesieesveeseeenanes 626
Acute Rebound After Discontinuation of Corticosteroids.................... 627
Genetic POlymOrphiSmS ......ccvievuieeieeniienieeiiesieeieesie et 627
Abnormalities of the Glucocorticoid Receptor..........ccevcveevierieeneenen. 628
Treatment of Adrenal Insufficiency/CIRCI...........ccceccevviirnieneencieenieenen, 628
Who to Treat with Steroids? ........ccccevvereevinieninieneneneeeneeeeeeiee 628
Adverse Effects of Corticosteroids ........coeveerervenerreniennenieeneneenienne 630
REfEIOINCES...c..veiieiiiiieiieec e e 631
Electrolyte Disturbances................ccoccoeriiriiieniiiiieniiceseeeee e 635
Sodium and Water ........co.ceverieririinierieneeteeeteeeete et 635
Rules of the Game..........coeeoveririiniiiineenceeeeeee e 635
HYypPONatremMia........coecveeiiiriieiieiieeieeieerte ettt siae e 635
HyPernatremia........oeveeruieiieeiieiieeiecie ettt 640
HYyPOKAI@MIA .....couieeiiiiiieeiieiie ettt s 641
HyperKalemia.........cocueeiiieiiieniiiieeiecieereeeeste et s 641
HypophoSphatemia .........ccceeriiiiiienieeiieniecieerte et 642
MANAZEIMENL.....c..eeiuieieriieieriteieetenitete ettt et st et sbeene e nesbeeneeae 643
Hypomagnesemia..........coceeueeeeniriinirnenieenteeseeeeteeeieeeeeee e e 643
Management of Hypomagnesemia .........c.coceevereenerieneenieneenieneennenne 644
Disorders of Calcium HOmeostasis........c.ccevvereerierienienienienicnieeienceeee 645
HYPOCAICEMIA ...eovieiiiiiieciiete ettt 646
Should Hypocalcemia Be Corrected in Critically Il Patients?............. 647
TIEALMENL ...ttt ettt sttt s neeae 647
HypPercalCemia ......eeevieiuieeiieiieiieee ettt 648
TIEALMENL ...ttt ettt ettt s sbe e eae 649
SeCONA LANE «..cvviniiiiiiiiiiieiieiceteee ettt e 649
Additional Therapies........cecveervierieriiieiieeieenteeieente et e e eee e 650
REfEIONCES...c.uveiiiiiiiieiiieee e e 650
Acute Kidney INJUry ..........cccccoooiieiiniiiiienieeeeceee e 653
Pre-Renal AZOtemia ......cc.ccecveveeniiiiiniiiineeienccieectceece e 654
Contrast Agents and the Kidney ........cc.ccocceveniinenieniniieninicnenicnceee 655
Prevention of Contrast Induced AKI.........cc.ccoceeveniiiiniininiininicnceee 655
“Common” NephrotoXic AZENLS .......cocueveevererrieneenieneeneneeneneeneeeennens 656
Management of Established Acute Renal Failure............ccoceevvvnieenennnen. 657

When to Initiate Renal Replacement Therapy (RRT).......cccccevvevvvennnee. 657



XXX

42

43

Contents
Mode of Renal Replacement Therapy .........cccoeveevveeriiencieeneenieenieenne. 658
Advantages of CRRT Therapy Include...........ccoceevviiviienieeninniieeenne, 658
Dosing Of RRT ....ouiiiiiiiiiiieieeetcecec et 659
Summary of Recommendations for RRT
in Patients wWith AKT.......ccccooiiiiiiiiiiiiiieeceeceeeeeeee 659
RhabdomyOLySiS.....cecviiriieriiieriieiiienie ettt ettt e s e e 659
Epidemiology ......coeevieiiiniirieiinieieeieecec et 660
BHIOIOZY ..ottt 660
PathOphySI0lOZY .....covveiiiriiiieriieierieeee et 663
Mechanisms of Acute Renal Failure in Rhabdomyolysis Patients ....... 663
Clinical Manifestations ........c..cecuereeriereenenienienienieereneeieenecenee e 663
Laboratory FINAINgS.......cccecveriiriiniiiinieiineeniceeeneceeneereseeresieeeeae 664
MANAZEIMENL. ...c..eeuieieriiiieriteieeteeeete ettt eeee sttt eate s ene s ebesbeeneene 664
DAALYSIS tuvveeiiieriieeieenie ettt ettt st e ettt ettt et esbe et e sebeebaenanes 665
REfEIOINCES...c..veiieiiiiieiieec e e 666
Acute Ischemic Stroke ...........c..cccocoiiiinininiiiiieeeeeseene 669
Stroke ICU’s, Medical ICU’s or Stroke UnitS..........coovvvevevevviineniriieeeeeees 670
Profiles Predictive of Futility After Devastating Stroke............cccceevueenee. 670
Acute Ischemic Stroke (AIS) .....ccuiiioiiieeiii e 671
TMAZING et 671
Thrombolytic Therapy ......ccceceevierrieeiiieiienie ettt 672
Treatment of Acute Ischemic Stroke With Intravenous rtPA .................. 674
Endovascular Interventions...........c..cocueverienerienenienenieneeienieeee e 675
Antiplatelet Therapy and Anti-Coagulation..........c..cecceveevieneerieneennenne 676
Anticoagulation in Cardio-Embolic Stroke ..........cccecvvevvieeneenieenieennee. 676
Raised ICP and Decompressive SUIZerY........coccevvereerieneerieneenieneennenne 677
Treatment of Hyperglycemia ..........ccccooeevireeninnincnncnieiienieicneeiene 678
Treatment Of FEVET .....c..coirviiiiiiiiiiiiiciceecceec e 678
Treatment of Post Stroke Hypertension ..........cocceeveveevivenieeneenieenieenne. 678
Supportive Medical Therapy ........cccceeveereieerieeniieenienieeieeeieeiee e 680
REfEIONCES...c.uveiiiiiiiieiiieee e e 681
Intracerebral and Subarachnoid Hemorrhage .....................cccoeee.... 685
Intracerebral HEmorrhage ...........coceveeviineiiiiniencnieicniciceecceececeee e 685
Medical Management........cccueeueeveriieieneenieneeneneenenreseeresieeresieennenne 687
Blood Pressure Control.........c..cocuereeiireenineenenienenieneereseereseeeene 689
Surgical INtErVENTIONS ....cccueeviieriierieeiieeieeiee st st beesee e 690
Subarachnoid Hemorrhage............coeevereriineniiineeniincenicneencneeneeeeeee 692
Diagnosis and Evaluation............ceeceerveeneeniienienieenieesieeseesveeseee e 693
Initial Management ........c..cocuerueeieriieiineeniineenieeeenieeresieere e sieeeeene 693
Specific Therapeutic ISSUES.........evvvieriiriiienieeierieeeeeie et 698
Antifibrinolytic Therapy .......ccceeecveevieerieeiienieeeesie et 698
Surgical and Endovascular Methods of Treatment ............ccccccverveennenn. 698
Management of Cerebral VasoSpasm.........coccceeevuererrienernieneenieneennenne 698

Transpulmonary Thermodilution (TPTD)
Hemodynamic ASSESSIMENT .......cccueevveerveeriierieenieenieeieesreesieeseeesseenanes 701



Contents XXXi

44

45

Subdural HEMAatomMa.........cueevueeriieriiienieeiieeieeiee st e e eeee s 702
Epidural HEmatoma ...........c.oevueiviiiiienieciiesiecie ettt 703
Increased Intracranial Pressure (ICP) ........ccoooviiiiiiiiiiiiiciecceeeeeee, 703
Measurement Of ICP .......coocuiiiiiniiiiieniicee e 704
Indications for ICP MONItOring...........ceccevvereenerreenernienennieneeieneenene 704
Management of Raised ICP .........ccccociviininiininiiniiicnciceciceeee 705
RETEIENCES ... eiiiieiieeieee et ettt 708

Seizures & Status Epilepticus
Seizures in the ICU

Seizures Occurring as a Complication of Critical Illness..................... 718
Seizures from Primary Neurological Disease........cccccevvevveenieenvenneen. 719
MANAZEIMENL. ...c..eeuieieriiiieriteieeteeeete ettt eeee sttt eate s ene s ebesbeeneene 719
SEIZUTE TRETAPY ...veeviereiieiieeii ettt ettt e s enaee s 719
Status EPIIEPLICUS..c.vertiiriieeiieiie ettt ettt ettt ettt e sve e 720
BHIOIOZY ..ttt 721
Common Causes of Status Epilepticus Include ...........ccceveueevienrennenn. 721
PathOphySI0lOZY .....cooveiiiriiiieriieiericieee ettt 722
Complications of Generalized Status Epilepticus..........cccecevvvervennnenn. 722
DAAZNOSIS .eeuvteieeetierite ettt ettt ettt e et ettt e et e et e sabeebeesebeebaenanes 722
TIEALMENL ...ttt ettt ettt st eae 723
General MEASUIES......cc.cevuirieriirienieeienieete sttt ettt see et see e 723
Pharmacotherapy.......c.coceeevieiienieiieesieecese e 724
Management of Refractory Status Epilepticus ........c.ccoceeverieiicnienncnns 726
The Management of Nonconvulsive Status Epilepticus ............cc..c...... 727
Prevention of Seizure Recurrence Once Status
Epilepticus is Terminated..........coceevveerieerienieeniienieeieesieesiee e 728
REfEIOINCES...c..veiieiiiiieiiiectet e e 728
TOXICOIOZY ..ottt e 731
General MEASUIES......cc..evueeiireeiieiienieetenieete sttt ettt ettt sae e 731
Technique for Performing Gastric Lavage........c..ccoceeveneevenienieneennenns 732
Activated Charcoal.........cocecverieiiriiiiinienieeeneeeeeeeseee e 732
Hemodialysis/Hemoperfusion...........coecveereeriernieeniesiienieeseesveeieenanes 733
Common Agents Responsible fOr .........cccccoeeveniiiiniicninicniiicncee 734
Common INEOXICALIONS.....ccuereiruiriiniirienieeiereeeniteteeeeee et 735
ACetamMINOPNEN ..c...eeiiiiiiiii e e 735
SALICYIALES ...veevvieeiieeieeeieeteete ettt ettt e st eaee s 738
TricyClic ANtIAEPIeSSANLS .....cecveerureeiierieeiienieeieenreeieesreeieesreesaeesaees 738
Acute Ethanol IntoXication ..........c..ceceeveevirveenernienennieneeeneeieneeiene 739
Ethylene Glycol and Methanol Poisoning ..........ccccceevveereeriveeneenieenieennnn. 740
Ethylene GIYCOl ......cocviiiriiiiieeieeite ettt s 740
MEhANOL ...ttt 741
ISOPropyl AICONOL.......eiiiieiiieiieecee e 742
DIGIALIS ettt 743
PRENYLOIN ..ottt st 743

LAthitm. .o 744



XXXii

46

47

48

Contents
OPIALES .vveeireeiieeieeiee sttt e ettt e ste et esbe e bt esebeebeesateesbeesasesnseessseenseens 745
COCAINE ...ttt ettt ettt sttt sttt ettt ebt et sbe e 745
Carbon Monoxide POiSONING ........cccueeciierieriiienieeiienie et 748
REfEIOINCES ..ottt e 750
Alcohol Withdrawal Syndrome ..............cccccoecivviiiiiiniiinieiecieeeeee, 751
The Clinical Institute Withdrawal Assessment Scale
for AICONOL (CTWA-ATL) ....oiiiiiieeee et 753
Differential Diagnosis.......cceeeeervieerieriiienieeiiienie ettt 753
TIEALIMGNL ...ttt ettt ettt e 754
Other Treatment Considerations ........c..cceceveeriereenienieneneeneereeneeeenaes 755
Prevention of Post-operative DT S .....c.cccoveeviiinieniiiiienieeeeeieeieeee, 756
REfEIOINCES ..ottt e 756
Pregnancy Related Disorders..............c..coccooieieniiiinicniniincnicnceee 759
Obstetrical Hemorrhage ..........coevvveneiiiiniininiinenicicicicecceeccee e 760
Antepartum Hemorrhage ...........cccocceviviininieninienencnicicneciceeeene 760
Postpartum Hemorrhage ..........coccveevieeniieiieniinieeniecieeseeee e 760
MANAZEIMENL....c..eeuieieriieieriteteeteieeteeteeteeeee et sbe et s e b eresbeeneeae 760
HYPEITENSION ....ieniieeiiieiie ettt et 761
Pre-eClampsia......ccceeciiiiieeieeie e e 761
Diagnosis of Pre-eclampsia.........cceeceerieeriienieinieenieeiiesreeiee e 762
HELLP SYndrome.........c.coeveerieerieeiieenieeieenieeieesseeieesreesieeseseesseesnnes 764
Posterior Reversible Encephalopathy Syndrome (PRES)..................... 765
Treatment Of Pre-eclampsia ......cocveevveerieriiieniieniienieeieeee e 765
Anti-hypertensive Agents for the Treatment of Pre-eclampsia............. 766
Corticosteroids and Plasmapheresis as Adjunctive Treatment
OFf HELLP ..ottt 767
Acute Fatty Liver of Pregnancy .........cccccoeeverieneniencnicnenicnenicnceee e 768
Amniotic Fluid Embolus Syndrome ............cccecvvvviiniiiinieniienieenieeeeee, 768
SePsis iN Pregnancy .........cceceeviieiienieiiieeieeieecie ettt 768
Respiratory Failure in Pregnancy.......c..ccocceeevieneniencnicncniicncnicnceee 769
REfEIONCES...c.uveiiiiiiiieiiieee e e 770
The Geriatric ICU Patient...............c.ccoccoooiiiiiniiiiniiicceee 773
The Physiology Of AZING ......coceeviiriiiiiriiiiniiiienecieseeeceeeee e 773
Cardiovascular Changes...........coceerverriierieniieenieesieeseeeieesseereesaeesaeesenes 774
Changes in Respiratory FUNCHON........cccevierviieniiiiieicceeeeecee e 775
Changes in Renal FUNCtion ..........coocveeiiiinieeiieniicceec e 775
Immune System Changes.........coccecuererrereenenienenieieeeeieeeeeeeeeeeeee e 776
Body Composition and MUscle Mass ........cccccevverveenienniieniiennieenieeieenenes 776
The Outcome of Elderly Patients Admitted to the ICU ........................ 776
Trauma and the Elderly Patient..........ccccoeceevieniiienienieeie e 778
Surgery and the Elderly.......c.cccoceviiniriininiiiniiiniciceceeccceeeee 778
Delirium in the EIderly .........cccevvieriiiniiniiiniieeecceeeeeeee e 779

Drug Dosing and Polypharmacy in the Elderly ............ccccoceniniennen. 780



Contents XXXiil

49

50

51

52

American Geriatric Society Beers Criteria .........cooceevvveevveniveesieesieeneennnn. 781

Drugs to Avoid in the Elderly ......c..coccevvevinienininininiiicnicicnceene 781
REfEIOINCES ..ottt e 782
Obesity in the ICU ............coocoiiiiiiiiieeeeee e 787
Effect of Obesity on Critical Care OULCOMES .........ceevueerueerrreerieerieenieenne 787
Respiratory Effects of Obesity........ccoecverieeiiieniiniienieeieesreeiee e 788
Ideal Body WEight......cc.coieiimiiniiiiiniieieniceestccitceeeeeieee e e 789
Cardiovascular Effects of ODESItY ........ccecveeveeriirriienieiiienieeiee e 789
Hepatic and Renal Effects of Obesity ........ccccevvirveenieiniieniieeienieeieeee, 790
Drug Dosing in Obese Patients ..........cccvevveevieenieinieenieeieesieeiee e 790
Nutritional REQUITEMENES........c.cevviriiierieeiienieeieenie et eee e eniee e saee e 790
Gaining VasCular ACCESS ......ceueruireererrierieeienteienieetesireie ettt eee e 791
Radiological ProCedUIES ..........coceerieriiierieeiiienieeieenee et 791
Malignant Obesity Hypoventilation Syndrome (MOHS).........cc.ccccceue... 791

MAJOT CIIETIA. c.veeurieeieeiieeiieeieesteeieeste et et eebeesare et e sabeebeesebeensaenanes 792

MINOT CIIEIIA .e.vveveenieriieieeiteieetetete ettt neeae 792

Treatment of MOHS ......c.cooiiiiiiiiiiieececcceceeeeeeeeae 792
REfEIOINCES...c..veiieiiiiieiiieet e e 793
RAAIOIOZY .....c.evieniiiiieee e s 797
The Chest Radiograph..........ccocceveniriininiiininiierieneecceeceeee e 797

Position of Tubes and Catheters..........occeeeveenernenenieneenenieieneeiene 798

Lung Parenchyma, Pleura and Mediastinum ...........cccceeeeveereenveeneennen. 798
Plain Abdominal Radiography ..........cccccoeeviniineniniiniiinicenecceeee 801
Computed Tomography (CT)...cccecereevereenenieenieieneeieeeceeeeseeeee e 801
Indium Labeled Leukocye SCans ........c.coocveevuierieriieenieeieenieeieesieenieenees 802
REfEIOINCES...c..veiieiiiiieiiiectet e e 803
End-of-Life ISSUES ..........cccooviiiiiiiniiiiiiiieccetceeeceeeeeeee e 805
Palliative Care ........coeeverieiiiieniiiiencecneeeseeest ettt e 806

“Principles” of Palliative Care ..........ccceevcveevuierieeneeniieeneesieeiee e 807
REfEIONCES...c.uveiiiiiiiieiiieee e e 809
Words of WiSdOm...........cccooviiiiiiiniiiiniiiiiecececeeceeee e 811
REfEIONCES...c.uveiiiiiiiieiiieee e e 812



2 Springer
http://www.springer.com/978-3-319-11019-6

Evidence-Based Critical Care
Marik, P.E.

2015, XN, 835 p, 83 illus,, 46 illus, in color., Softcover
ISBMN: 978-3-319-11019-6



