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6 Critical CareAssociate Editor, Carlo Santaguida
 I. Trauma
 A. Basics
 1. Monro–Kelliedoctrine—There isafixedvolumewithintheskullandany increase involumeofoneintracranialcomponentwillrequireadecreaseinanothercomponenttomaintainnormalpressure.
 2. CerebralperfusionpressureCPP=meanarterialpressure(MAP)–intracranialpressure(ICP)=(⅔dia-stolicbloodpressure[BP]+⅓pulsepressure[PP])–ICP.
 3. NoclearoptimallevelforCPP,butshouldbe>50–70mmHg
 4. Autoregulationa. Cerebralbloodflow(CBF)pressureautoregulationismaintainedataconstantleveldespitefluc-
 tuationofsystolicBPfrom50–160mmHg.b. Viscosity—alterationofvesseldiameterinresponsetochangesinbloodviscosityc. Metabolic—CBFrespondstobrainmetabolicdemand.d. Bloodgas—HypoxialeadstovasodilatationandPaCO2regulatescerebrovasculartone.
 B. Preventionofsecondaryinjury
 1. Cerebraledema—peaksseveraldaysfollowinginjury,generallyduetocytotoxicedema.MayincreaseICPanddecreaseCPP.Steroidsareofnobenefitandaredetrimentalintraumaticbraininjury.
 2. Hypotension— results incompensatoryvasodilatationand increased ICP.AvoidedtomaintainCPP.Systolicbloodpressure(SBP)<90mmHgisassociatedwithatwofoldincreaseinmortality.
 3. Hypoxemia—detrimentalfromtheresultantvasodilatationandICPincreaseandlackofO2toneurons
 4. Pyrexia—metabolismincreased,resultinginlargerenergyrequirementofbrain.10%increaseinme-tabolismperincreaseddegreecentigrade
 C. Brainoxygenmonitoring—maybemeasuredbyjugularvenoussaturationorbraintissueoxygentension.Jugularvenoussaturation<50%oroxygentension<15%isthresholdtotreat
 D. Braindeath
 1. Consideredinpresenceofcatastrophiccentralnervoussystem(CNS)event,nomedicalconditionsandnodrugintoxicationorpoisoningthatmayconfoundassessment,temperature>34°C.
 2. Clinicalexam—GlasgowComaScore(GCS)3,absentpupillarylight,corneal,oculocephalic,oculoves-tibularandgagreflexes,absentcoughwhilesuctioning,absentsuckingorrootingreflexesandfulfillcriteriaofapneatest.
 3. Apnea test—corebody temperature>36.5°C,SBP>90andeuvolemia.Absenceof respiratory re-sponsewithPaCO2>60orincreaseof20mmHgfrombaseline
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4. Maysupplementwithelectroencephalogram,somatosensoryorbrainstemevokedpotentials.
 5. NoCBFmaybedocumentedbycerebralangiography,transcranialDopplerorcomputedtomographicangiography(CTA)andmaybenecessarywhencannotdocumentotherfeaturesabove.
 II. Cardiac
 A. Narrowcomplex/supraventriculartachycardia(SVT)(Table 6.1andTable 6.2)
 Cardiac 497
 Table 6.1 Dysrhythmias
 P Wave Type DysrhythmiaUniform Sinustachycardia
 Multipleforms Multifocalatrialtachycardia
 Inverted Junctionaltachycardia
 Sawtooth Atrialflutter
 None Paroxysmalatrialtachycardia,atrialfibrillation
 Table 6.2 Tachydysrhythmias
 QRS < 0.12 Seconds (Narrow Complex) QRS > 0.12 Seconds (Wide Complex)Irregular Rhythm Regular Rhythm Supraventricular TachycardiaAtrialfibrillation Sinustachycardia SVTwithaberrantconduction
 Multifocalatrialtachycardia Atrialtachycardia Ventriculartachycardia
 Atrialflutter Atrialflutter Torsadesdepointes
 JunctionaltachycardiaAbbreviation: SVT,supraventriculartachycardia.
 1. SVTincludesarate>100withQRScomplex<0.12secondswide(<small3squares),anditimpliesasupraventricularrhythm(originatingatorabovetheatrioventricular [AV]node)becausetheHis-Purkinjesystemisutilizedtoallowforfastconduction.
 2. IrregularSVTisgenerallymultifocalatrialtachycardiaifPwavesarepresentoratrialfibrillationifPwavesarenotpresent.Multifocalatrialtachycardiaisseenwithchronicobstructivepulmonarydisease(COPD)andisassociatedwiththeophylline.Atrialfibrillationiscausedbycardiacdiseaseorhyperthyroidism.
 3. RegularSVThasawiderdifferential,andcharacterizationofPwavesmayhelpdeterminerhythm.
 4. IfthePwaveisnormalinrateandmorphologythenitislikelyasinustachycardia.
 5. IfthePwaveshaveasawtoothpatternwitharate̴250thenitislikelyanatrialflutter.
 6. IfthereisnoPwavetheSVTislikelyajunctionaltachycardiaorareentrantform.
 7. IfitisdifficulttoassessrhythmortherearenovisiblePwavesthenyoucanslowdowntheratewithvagalmaneuvers(i.e.,Valsalvaorcarotidsinusmassage)oradministeradenosine.Ifthesemaneuversreversethetachycardia,theunderlyingconditionislikelyareentranttachycardia.

Page 6
                        

498 6CriticalCare
 8. AVreentranttachycardiahasanaccessorypathwayoutsideoftheAVnode,mostcommonlythebun-dleofKent.WhenthereisanterogradeconductionthroughthebundleofKent,δwavesarepresent,whichisamajorcharacteristicofWolff–Parkinson–Whitesyndrome.
 9. IfSVTisinanunstablepatientthencardioversionisindicated.
 10. Ifstablethenattempttoestablishthediagnosisandtreatwithβ-blocker(metoprolol)orCa2+channelblocker(verapamil).
 B. Widecomplextachycardia
 1. Wide complex tachycardia (> 0.12 seconds or 3 small squaresQRS duration) is often a ventricularrhythmbutmayalsobeanSVTwithaberrancy(bundlebranchblock),apacemaker,orrelatingtoAVreentranttachycardia.
 2. Ventriculartachycardia(VT)mayoftenbecausedbyQTprolongationfromhypomagnesia,hypokale-mia,oriatrogenic(quinidine,digoxin).
 3. PolymorphicVTisgenerallyfoundinanunstablepatientfollowingmyocardialischemiabutmaybeseeninTorsadesdepointeswhenaprolongedQTintervalispresent.MayresolvewithK+orMg2+replacement.
 4. Inthestablepatient,electivesynchronizedcardioversionisappropriatetreatmentforVT.Ifthepatientisun-stable,thenconscioussynchronizedcardioversionisrecommended;defibrillationifpatientisunconscious.
 C. Bradycardia
 1. Bradycardia—heartrate<60.IfassociatedPwavewitheverybeatthenitisasinusbradycardia.SignofincreasedICP.Commoninathletesoriatrogenicrelatingtodrugs,itmaybeduetosicksinussyndromeinpatientswithheartdisease.
 2. IfintermingledwithSVTknownastachycardia–bradycardiasyndrome.
 3. IfPRintervallongerthan0.2secondsthenitisfirstdegreeAVblock.
 4. SeconddegreeAVblockisdividedintoWenckebachandMobitz.
 5. WenckebachisacyclicprogressiveblockingofconductionatanAVnode,whichresultsinadroppedQRS,characterizedbyprogressivelengtheningofthePRinterval.
 6. MobitzreferstoaseriesofPwavesthatcannotconductthroughanAVnode.
 7. ThirdAVdegreeblockisacompletedissociationofPandQRSwavesgenerallyresultinginanescapejunctionalrhythm.
 8. Ifthepatientissymptomaticmaytreatwithatropine,transcutaneouspacer,dopamine,orepinephrinedrip.IfthepatientisnotsymptomaticbuthasaMobitzorthirddegreeAVblockmayneedtransvenouspacer.
 D. Otherelectrocardiogram(ECG)findings
 1. Digoxin—gradualdownwardcurveofSTsegment;causesmultipledysrhythmiasandAVblocks
 2. Hypocalcemia—increasedQTinterval
 3. Hypokalemia—U-wave
 4. Hyperkalemia—peakedT-wave
 5. Hypothermia—J-pointelevation
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6. Hyperthyroidism—atrialfibrillation
 7. Quinidinetoxicity—prolongedQTinterval,notchedPwave,wideQRS,STdepression
 8. Subendocardialischemia—STdepression
 9. Transmuralischemia—STelevation
 10. Pericarditis—flatorconcaveSTsegmentelevationofteninallleads
 11. Brugadasyndrome—rightbundlebranchblockwithSTelevation inV1–V3predisposestosuddencardiacdeath
 12. LongQ-Tsyndrome—QTintervalis>50%ofcardiaccycle,predisposestoarrhythmias
 13. Wellenssyndrome—TwaveinversioninV2–V3duetoanteriordescendingcoronaryarterystenosis
 14. Subarachnoidhemorrhage(SAH)—showspeakedTwaveandSTdepression
 15. Pulmonaryembolism—MostfrequentECGchangesarenonspecificSTandTchanges(66%),tachycar-dia(63%),andrarelytheclassic“S1Q3T3.”
 E. Cardiacmedications
 1. Antiarrhythmics— class 1 (Na+-channel blockers), class 1A (quinidine andprocainamide;may leadtoreversibleK+-channelblockaderesultinginprolongedQT),class2(β-blocker),class3(K+-channelblockersuchasamiodarone,sotalol),class4(Ca2+-channelblockers)
 2. Adrenergicreceptors–α1-receptorstimulationleadstovasoconstriction.β1receptorsincreasecar-diacrate(chronotropy)andstrengthofcontraction(inotropy).β2receptorsvasodilate.
 3. Dopaminereceptor—leadstovasodilatationincerebral,renal,coronary,andmesentericvasculature
 4. Dobutamine—β1agonist,mildβ+α2agonist,inotropic,causesperipheralvasodilation(reducesaf-terload),increasescardiacoutput(CO)withareflexdecreaseinsystemicvascularresistance(SVR),nochangeinBP.Sideeffectsincludetachycardiaifhypovolemic.Contraindicationsincludehypertrophiccardiomyopathy.Doseis5–15µg/kg/minupto40.
 5. Dopamine—causesrenal,splanchnic,andcerebralvasodilation,increasedrenalNa+excretioninde-pendentofbloodflowandvasoconstrictionwithhigherdoses.Usefulwithcardiogenicorsepticshock.Dosesare1–2µg/kg/minforrenaleffectandselectivevasodilatation.Dosesof5–10µg/kg/minhavemoreβ1effectleadingtohigherstrokevolume;10–20µg/kg/minforα1andβ1effects.Sideeffectsincludetachydysrhythmias.
 6. Epinephrine—Strongβ1,moderateβ2+α1,drugofchoiceforanaphylaxis.α1effectspredominateoverβ2athigherdoses.Doseis3–5mLof1:1000or2–4µg/min.Sideeffectsincludemyocardialischemia,dysrhythmia,andacuterenalfailure.
 7. Phenylephrine—Mostlya1effectswithminimaleffectsoninotropyandchronotropy.
 8. Norepinephrine—Agonistforα1andβ1receptors,mayleadtoreflexbradycardiafollowingincreaseinMAP.Drugofchoiceinsepticshock.Doseis8–70µg/min.Usewithdopamine1µg/kg/minforrenalprotection.Contraindicationsincluderenalfailure.
 9. Vasopressin—noradrenergicpressor,appropriateforlatevasodilatoryshock
 Cardiac 499
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500 6CriticalCare
 10. Digitalis—WhentherapeuticitslowsAVconductionandsinoatrialnode.IfserumlevelsareexcessivethenmaycauseAVblock, sinusblock, andprematureatrialbeats.Hypokalemiaenhancesdigoxintoxicity.Digitalistoxicitymaycauseventriculartachycardiaandfibrillation.TreatmentiswithK+,Mg2+,lidocaine,digoxinantibody,andcharcoal.
 11. Furosemide—adiureticthatincreasesSVRanddecreasesCO.Diuresisoccursin20minutes–2hours.Nonsteroidalantiinflammatories(NSAIDs)mayblocktheresponse.Useforearlyoliguricrenalfailure.Dose is 1mg/kg. Side effects includeototoxicity, hypokalemia, hypomagnesemia, hypochloremia,andmetabolicalkalosis.Contraindications includesulfaallergy,hepatorenalsyndrome,andedemafromnephroticsyndrome.
 12. Glucagon—increasesheartrateandcontractilityindependentofitsβeffect.Itreversesaβ-blockeroverdosetohelpasaninotrope,butnotachronotrope.Considerusewithelectromechanicaldissocia-tion.Doseis1–5µgupto1–20µg/hmixedwith10mLsalineintravenously(IV).Sideeffectsincludehypokalemiaandhyperglycemia.
 13. Labetalol—blocksαandβreceptorstolowerBPanddoesnotincreaseheartrateorchangeCO.Doseis2mg/minor20–80mgevery10minutesupto300mgIV.
 14. Nitroglycerine—relaxesarteries(>200µg/min)andveins(<50µg/min)andincreasescoronarybloodflow.Usewithmyocardialischemia/infarction(ifnormotensive),pulmonaryhypertension,andheartfailure.Dose is10–200µg/min.There isdecreased tolerancewith intermittent infusion (12hourson/12hoursoff)orN-acetylcysteinethatreplenishessulfhydrylgroupsinvesselwalls.Sideeffectsin-cludemethemoglobinemiathatcausescyanosiswithanormalbloodgaswhenitis>10%(70%isusu-allyfatal).Treatwithmethyleneblue,2mg/kgIVover10minutes.ContraindicationsincludeincreasedICPandclosed-angleglaucoma.
 15. Sodiumnitroprusside—dilatesarteriesandveins,increasesstrokevolume,anddoesnotchangeheartrate.Drugofchoiceforhypertensiveemergencies.Doseis2–3µg/kg/minfor<72hours.Sideeffectsincludecyanidetoxicity,especiallyinsmokerswithdecreasedthiosulfate.Cyanideisconvertedtothio-cyanateintheliverandisexcretedfromthekidneys.Symptomsincludeheadache,nausea,vomiting,weakness,hypotension,lacticacidosis,andtolerancetonitroprusside.Keepthecyanide<5µg/mL.Preventtoxicitybymixingwith1%thiosulfatesolution.AlsotrytokeeptheB12 levelnormal.Thio-cyanatetoxicitycausesacuterenalfailure,mentalstatuschangesandoccurswithlevels>10mg/dL.ContraindicationsincludeB12deficiencyandrenalfailure.
 F. Cardiopulmonaryresuscitation(CPR)—30%surviveand10%recovertobaseline.Postresuscitationinjuryiscausedbypoor reflow fromvasoconstriction (treatment iswithCa2+-channelblockersorMg2+) and reper-fusion injuryby free radicals.ConsidergivingMgSO42g IVover20minutes toprevent“no reflow” fromvasoconstriction.ConsiderCa2+-channelblockerswhennothypotensive.Steroidsandbarbiturateshavenotbeenshowntobeofvalue.PrognosisisrelatedtotheischemictimebeforeandduringCPR.30%ofpatientsinpostresuscitationcomaregainconsciousness.After48hours,only2–7%ofpatientsstillinacomarecover;after7days,nonerecover.
 G. Airembolism—associatedwithdyspnea,substernalchestpain,millwheelmurmur,focalneurologicdeficits,andcardiorespiratoryfailure.Maybediagnosedwithechocardiography(presenceofair,ventriculardilatation,pulmonaryarteryhypertension),endtidalCO2(fallinend-tidalCO2),computedtomography(CT)scan,andpulmonaryangiography.ThemostsensitivemonitoristheprecordialDoppler.Treatedwithleftlateraldecu-bitusposition,nitrogenwashout(highflowO2),hyperbaricO2,oraspirationofairfromvenouscirculation.Mortalityrateis15%.
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III. Respiratory
 A. Oxygenation
 1. O2content=1.34[Hbg/dL]×O2saturation+(0.003×PaO2)=O2mL/100mL
 2. O2delivery=O2content×CO.Normal520–570mL/min/m2
 3. O2uptake=CO×(arterialO2content–venousO2content).Normal110–160mL/min/m2
 4. O2extractionratio=Uptake/Delivery×100(22–32%)
 5. IftheO2extractionratioexceeds60%,uptakebecomesdependentondelivery.
 6. AlltissuesincreaseO2extractioninthefaceofdecreasedbloodflowexceptthecoronarycirculation,whichisalwaysatitsmaximalextractionrate(flowdependent).
 7. MixedvenousO2ismeasuredinthepulmonaryartery,andnormalis68–77%.Itislowerwithhypox-emia,increasedmetabolicrate,decreasedCO,andanemia.
 8. LactateincreasesiftheO2deliveryislessthanthemetabolicdemandandthecellsareforcedtouseanaerobicglycolysis.Normalbloodlevelis<2mmol/L,and>4mmol/Lisabnormal.
 9. Lactatemaybeelevatedwithouthypoxemia,butwithhepatic insufficiency (decreasedclearance),thiaminedeficiency(interfereswithglucosemetabolism),infection(endotoxinreleaseaffectsglucosemetabolism),andrespiratoryalkalosis.
 10. Theplateauoftheoxygen–hemoglobindissociationcurvebeginsatPO260mmHg,andO2saturation90%.Belowthispoint,theO2saturationdropsmuchmorequicklywithdecreasesinO2pressure.
 11. Bohreffecta. Rightshift—occursintissuesandthereisdecreasedO2affinity.Arightshiftoccurswithincreases
 inH+,CO2,temperature,and2,3-diphosphoglycerate(DPG).b. Leftshift—occursinthelungandthereisincreasedO2affinity.Aleftshiftoccurswithdecreases
 inH+,CO2,temperature,andDPG,aswellaswithbankedblood(duetodecreasedDPG).Hemo-globinhaslessaffinityforO2inthetissueswheretherearehigherH
 +andCO2levels.
 12. Oximetrydetectsredoxyhemoglobinandinfrareddeoxyhemoglobininaphotodetector.Pulseoxim-etrysamplesonlypulsatilevessels(arteries)becauseitdetectsvolumefluctuations.Itisnotaffectedbymostskintissuethickness,pigments,ornailpolish.OximetrybecomeslessaccuratewhentheO2saturationisbelow70%.
 13. Nasalcannulaproviding100%O2at1–6L/minproducesaFiO2of0.21–0.46.
 14. ThemaximumFiO2thatcanbeachievedwithanasalcannulais46%.Thisiswith6L/minminuteven-tilation,anditisevenlesswithtachypnea.
 15. Standardmaskproviding5–10L/minof100%O2canproduceaFiO2of40–60%.Thislevelisloweredwithincreasedrespiratoryratescausedbyinhalationofambientair.
 16. Partialrebreathermask(noambientairallowed,rebreathingdoneintomask)at5–7L/minprovidesaFiO2of75%.
 17. Nonrebreathermask(noambientairallowed,exhaledbreathisnotreinhaled)at4–10L/minprovidesaFiO2of100%.
 Respiratory 501
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502 6CriticalCare
 B. Ventilation
 1. Anatomicdeadspace(=150mL)includesthetrachea,bronchi,anddistalpartsoftherespiratorytreethatarenotusedforgasexchange.
 2. Physiologicdeadspaceincludesthealveoliwheregasisnotequilibratingwiththecapillaryblood.
 3. Totaldeadspacenormallymakesup20–30%ofminuteventilation.Inthenormalalveoli,thearterialandexpiredPCO2areequalbecausenodeadspaceispresent.
 4. Increaseddeadspaceiscausedbyoverdistendedalveoli(COPDandpositiveend-expiratorypressure[PEEP]), destroyed alveolar–capillary interface (emphysema), or decreased blood flow (congestiveheartfailure,pulmonaryembolus).
 5. TheO2pressureinthealveolus—(PAO2)=FiO2(Pb–Pwater)–(PaCO2/RQ)=0.21(713mmHg)–PaCO2/0.8,wherePbisatmosphericpressureandRQistherespiratoryquotient.
 6. TheA-a gradient is the alveolar to arterialO2 gradient (PAO2 − PaO2). The PAO2 = FiO2 (Pb – Pwater)–(PaCO2/RQ)andisnormally100mmHgatFiO2of0.21producinganA-agradientof10–20mmHg.ThenormalA-agradientincreases6mmHgforeach10%increaseinFiO2andis60–70mmHgataFiO2of1.0.IncreasedFiO2causesanincreasedA-agradientbecausethereislesshypoxicvasoconstric-tioninthepoorlyventilatedareas.
 7. Inhypoxemia if theA-agradient isnormal, there is likelynoprimarycardiopulmonaryproblemsoconsiderneuromuscularorcentralnervoussystem(CNS)causes.IfthereisanincreasedA-agradientandthevenousPO2is>40mmHg,theproblemiscausedbyincreaseddeadspaceorshunting.IfthevenousPO2is<40,theproblemiscausedbydecreasedbloodfloworahighmetabolicrate.
 8. Hypercapnia canbe causedby increasedproductionofCO2 fromsepsis, trauma,burns, increasedcarbohydrateintake,andacidosis.
 9. RQ=VCO2/VO2andistheratioofmoleculesofCO2createdforeachO2used.Normalis0.8;carbohy-dratesare1,proteinsare0.8,andlipidsare0.7.Therefore,anincreasedcarbohydrateloadcreatesmoreCO2moleculestoexpel.
 10. HypercapniacanalsobecausedbyhypoventilationwithanormalA-agradientaswithsleepapnea,myasthenicsyndrome,Guillain–Barrésyndrome,phrenicnerveinjury,peripheralneuropathy,muscleweakness(fromdecreasedphosphateorMg2+,sepsis,andshock),opiates,andlidocaine.
 C. Pulmonarydisorders
 1. Acutelunginjury(ALI)—definedaslunginflammationresultinginincreasedpulmonarycapillaryper-meability.Characterizedbybilateralchestinfiltrateswithpulmonarycapillarywedgepressure(PCWP)<18mmHg(ornosuspectedheartfailure)andPaO2/FiO2between201and300mmHg
 2. Acute respiratory distress syndrome (ARDS)—more severe ALI withworsening hypoxia (PaO2/FiO2<200mmHg).Thereisdiffusealveolardamage.Proteinleavesvascularspacelosingcolloidosmoticpressuregradient,whichprevents fluid reabsorption fromalveoli. Thealveoli fillwith inflammatoryfluid.Acuteonsetandmaypersistforweeks.Causesincludesepsis,aspiration,infectiouspneumonia,trauma,burns,andpancreatitis.Mortalityrateisover30%.
 3. DifferentiatingARDSfromcardiogenicpulmonaryedema—pleuraleffusionsmorecommoninheartfailureandPCWP>18mmHg.ARDShashighproteinlevelsfrombronchioalveolarlavage(Table 6.3).
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Respiratory 503
 Table 6.3 Acute Respiratory Distress Syndrome (Capillary Leakage) versus Hydrostatic Edema
 ARDS Hydrostatic EdemaEarlyhypoxemia Late
 Diffuseinfiltrate Patchy
 Peripheralvascularprominence Perihilarvascularprominence
 NoKerleyBlines KerleyBlines
 Clearlungbases Obscuredbases
 Moreproteininfluid Lessproteininfluid
 Associatedwithsepsis,trauma,andmultisystemorgan Associatedwithhypertension,myocardialinfarction, failure andacuterenalfailure
 Abbreviation:ARDS,acuterespiratorydistresssyndrome.
 4. DiureticsareofnobenefitinARDSbecausethefluidleakingintothealveoliistheresultofacuteinflam-mation.
 5. COcanbeincreased(withdobutamine)toincreasetheO2delivery.
 6. Vasodilatorsarenotindicatedbecausetheymayincreasethepulmonaryshuntfraction.
 7. Steroidshavenotbeenproventobeofbenefit.
 8. Cheyne–Stokesbreathing—gradually increasinganddecreasingtidalvolumemixedwithperiodsofapnea.Oftenanominoussign,therespiratorycenterdoesnotrespondproperlytoPCO2orPO2.
 D. Respiratorymedications
 1. β2-agonists—workbestwheninhaledwithanebulizersuchasalbuterol5mg(0.1mLof5%)every4hours.Alsoconsiderterbutaline,metaproterenol,andisoetharine.Athighdosestheymaystimulateβ1-receptorsandcausetachycardia,hypokalemia,ortremors.Ifthishappens,decreasethedose.Theyworkbestwithasthma,butoccasionallyhelpwithCOPD.
 2. Theophylline—questionablebenefitforasthma.Worksbyincreasingthecyclicadenosinemonophos-phate(cAMP)level.Sideeffectsincludeseizures,dysrhythmias,hypokalemia,andhypotension.Thesearemuchmorelikelywithalevel>20.Treatoverdosewithoralcharcoal20gorallyevery2hoursfor6doses,evenifitisalreadyremovedfromtheblood.
 3. Anticholinergics—atropine0.025–0.075mg/kginhaledevery3hours.Ipratropium,0.02–0.03mg/kginhaledevery3hours(lesssystemicsideeffects).Theyworkbydecreasingtheparasympatheticinputthatconstrictssmallairways.
 4. Steroids—synergisticwithβ-agonistsinthetreatmentofasthmabutnotwithCOPD,ARDS,sepsis,oranaphylaxis.Hydrocortisone2mg/kgIVor0.5mg/kghourly;methylprednisolone40–125mgIVevery6hours.
 5. Doxapram—stimulatesbothperipheralchemoreceptorsandbrainstemrespiratorycenters.Sideef-fectsincludehypertension,tachycardia,andseizures.Thedoseis1–3mg/minIVupto600mg.
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 6. N-acetylcysteineinhaler—Thedoseis2.5mLof10%and2.5mLnormalsalinevianebulizer. Itmaycausebronchospasmwithreactiveairwaydiseaseorasthma.Overuseformorethan2daysincreasesairwayirritation.Ithelpswithmucousplugsandthicksecretions.Humidificationalonehelpstobreakupsputumtoalesserextent.
 7. Heliox—acombinationofheliumandO2thatresultsinareductionofturbulentairflow.Greatestben-efitinacuteupperairwayobstruction
 E. Paralytics,sedatives,musclerelaxants
 1. Sideeffects—decreasedabilitytoclearpulmonarysecretionsevenwithsuctioning(increasedriskofpneumoniaandmucousplug)andincreasedriskofvenousthromboemboli
 2. Halothane—causescentraldepressionandbronchodilation
 3. Vecuronium—anondepolarizingblocker,hastheleasthistaminerelease,doseis0.1mg/kg,durationis30minutes
 4. Pancuronium—anondepolarizingblocker,doseis0.01to0.05mg/kgeveryhour,durationis1hour,sideeffectsincludetachycardia
 5. Succinylcholine—adepolarizingblocker, short acting, increases theK+ level; contraindicatedwithhyperkalemia,hemiplegia,orotherneurologicdisordersassociatedwithweakness
 6. Reversalagents—usedtocounteractmuscleparalysisofcompetitiveacetylcholinereceptorblock-ade.The localacetylcholine levelsare increasedbyacetylcholinesterase inhibitors suchasneostig-mine2.5–5mg/70kg.Pretreatwithatropine(0.6–1.5mg/70kg)topreventbradycardia fromtheincreasedparasympatheticstimulationbytheincreaseinacetylcholinelevels.Onsetmaybedelayed15–30minutes.
 7. Haloperidol—doesnotcauserespiratorydepressionorhypotension(unlessusedwithpropranolol).Doseis3–5mgIVupto10mg,wait20minutesanddoublethedose.Ifthisisineffective,changeagentsoraddbenzodiazepines.TherearelessextrapyramidalsideeffectswiththeIVroute.Thiscon-dition is associated with neurolepticmalignant syndrome characterized by hyperthermia,musclerigidityautonomicdysfunction,andconfusion.Thisconditionmayoccasionallybefatalandshouldbetreatedwithdantrolene.Haloperidolalsolowersseizurethreshold.
 8. Diazepam—1–10mgIV
 9. Lorazepam—0.04–0.05mg/kg,goodamnestic
 10. Midazolam—1mgIVevery3hoursupto0.15mg/kgor0.4µg/min,goodamnestic
 11. Morphine—increaseshistaminereleaseandworsensasthma
 K. Mechanicalventilation
 1. Fourmodes—volume-,pressure-,time-,orflow-cycled
 2. Volume-cycled—Ventilationisentirelydependentonpresettidalvolume,respiratoryrate,andinspira-toryflow.a. Controlledmechanicalventilation—Ventilationisonlydependentonrateandtidalvolumeset-
 tings,whichisappropriateifthepatientisnotmakingrespiratoryefforts.
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b. Assist-control—Apresettidalvolumeisdeliveredwhenpatientattemptstomakeinspiratoryeffort.
 c. Intermittentmandatoryventilation—Presettidalvolumeandrateisdeliveredataregularinter-valandpatientmaybreathespontaneouslyaswell.
 3. Flow-cycled—pressuresupportoncethepatienttriggersabreath,apresetpressureisdelivereduntilflowtapers
 4. Tidalvolume—normallyat5–6cc/kginhumans
 5. Rate—Startat12foradults.
 6. Sigh—abreath1.5×tidalvolume,notshowntobeofbenefit
 7. Monitoringlungmechanics—assesswithoutmechanicalventilation.Testlungvolumeforelasticre-coilandexpiratoryflowrateforresistance.
 8. Proximalairwaypressure—Thepeakend-inspiratorypressureisproportionaltotheinflationvolume,theresistanceoftheairways,andthelungandchestwallcompliance.ItisproportionaltoR+1/C,whereRisairwayresistanceandCislungandchestwallcompliance.a. Ataconstantvolume,an increased inflationpressure isduetoeither increased resistanceor
 decreasedcompliance.b. Theplateaupressureisproportionalto1/C.c. Increasedplateaupressure isdue todecreased compliance. Increasedpeakpressurewithno
 changeinplateaupressureisduetoincreasedairwayresistance.d. Increasedpeakand increasedplateaupressuresareduetodecreased lung/chestwallcompli-
 ance.Compliance=Volumechange/Pressurechange=tidalvolume/plateaupressurecmH2O.Normalis0.05–0.07L/cmH2O.
 9. Acuterespiratoryfailure—usuallycausedbypneumonia,edema,andCOPD.Thesedonotrespondtosteroidsorbronchodilators.Ifthepatientisnotonaventilator,checkforairwayobstructionatthebedsidewithapeakexpiratoryflowrate(positiveif>15%increasenoted).Ifthepatientisonaventila-tor,assessthepeakinspiratorypressure.
 10. Ifthereisasuddenrespiratorydeterioration:a. Peakpressureincreasedwithnormalplateaupressure—likelyincreasedairwayresistance.Treat
 withsuctionorbronchodilation.b. Peakandplateaupressureincreased—likelydecreasedcomplianceorautoPEEP(withobstruc-
 tivelungdisease).Likelyduetopneumothorax,atelectasis,edema,orabdominaldistensionc. Peakpressuredecreased—assessforairleak
 11. PEEPshouldhelpincreasecomplianceanddecreaseplateaupressure.Indeterminingefficacy,besuretosubtractthePEEPsettingfromthemeasuredplateaupressuretoobtainthecorrectvalue.
 12. IncreasedPEEPcausesdecreasedpreloadanddecreasedcontractility(bydecreasingcoronarybloodflow).Determine theO2deliveryandassess if there isdecreasedplateaupressure (from increasedcompliance)tofindbestPEEPsetting.TheO2saturationvaluemaybemisleadingbecauseitmaybeassociatedwithdecreasedO2delivery.The relationshipbetweenO2 saturationandO2deliveryde-pendsonthecardiacoutput(Table 6.4).
 Respiratory 505
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 13. PEEPisnotveryeffectiveforlocalizeddisease.Itworksmainlyonthenormalareasofthelung,over-distendingthealveoliandredirectingthebloodtoareaswithpoorventilation.Complicationsincludebarotrauma,fluidretention(byatrialcompressionthat increasesatrialnatriureticfactorsecretion),decreasedCO,andincreasedICP.
 14. Afterextubation,themostfrequentrespiratoryproblemislaryngealedema.Whensevere,treatmentiswithreintubationoremergenttracheotomy.Epinephrineandsteroidsarenotproventobehelpful.
 15. Tracheotomya. benefits—clearingofsecretions,decreasedlaryngealinjuryandbetterpatientcomfortb. Complications—5%ofcases,includepneumothorax,laryngealinjury,nerveinjury,hemorrhage,
 decannulation,andtrachealstenosis
 16. Barotrauma—occursin43%ofpatientsifthepeakinspiratorypressureis>70cmH2O,andin0%ifitis<40cmH2O.Assessforsubcutaneousemphysema,interstitialemphysema,pneumothorax,andpneumoperitoneum.
 17. Weaningfromtheventilator—TypicalparametersarePO2>60mmHgwithFiO2<0.6withoutPEEP,tidalvolume>5mL/kg,vitalcapacity>10mL/kg,minuteventilation<10L/min,andnegativeinspira-toryforce>25mmH2O.30%thatfulfilltheseparametersstillfail,and30%whodonotfulfillthemtol-erateextubation.Consideracontinuouspositiveairwaypressure(CPAP)trialandcheckarterialbloodgasesin30minutesasopposedtointermittentmandatoryventilationorpressuresupportweaning.
 IV. Renal
 A. Creatinineclearance=(140–age)×weight(kg)/72×serumcreatinine(mg/dL)
 B. Fractionalexcretion=(urineNa+/plasmaNa+)/(urinecreatinine/plasmacreatinine)×100
 C. Oliguria—urineproduction<400mL/24hours
 D. Anuria—definedasurineoutput<100mL/24hours
 E. Prerenalcausesofrenalfailure—decreasedrenalbloodflowfromhypovolemia,vasodilation,andheartfail-ure,oriatrogenicwithdrugsthatlowerglomerularfiltrationpressure(angiotensinconvertingenzymeinhibi-tors).UrineNa+is<20meq/LandthefractionalexcretionofNa+is<1%.
 F. Renalcausesofrenalfailure—acutetubularnecrosis(ATN;causedbysepsis,toxins,drugs,andmyoglobin),acute interstitialnephritis (causedbyan immunogenicreactiontopenicillins,NSAIDs, furosemide,andci-metidine;associatedwithfever,rash,eosinophilia,andarthralgia)andacuteglomerulonephritis.TheurineNa+is>40meq/LandthefractionalexcretionofNa+is>2%.
 G. Postrenalconditions—obstructionofurineoutflow;acutelymayappearlikeaprerenalconditionandchroni-callylikearenalcondition
 Table 6.4 Relationship between O2 Saturation and O2 Delivery
 O2 Saturation Cardiac Output O2 DeliveryIncreased Nochange Increased
 Increased Decreased Nochange
 Increased Moredecreased Decreased
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 Table 6.5 Urine Microscopic Examination
 Condition Cast TypePrerenal Hyalineandfinelygranularcasts
 Renal
 ATN Epithelialandcoarsegranularcasts
 Acuteinterstitialnephritis Whitecellcasts
 Acuteglomerulonephritis Redcellcasts
 Postrenal NocastsAbbreviation:ATN,acutetubularnecrosis.
 J. Approachtoacuterenalfailure
 1. RuleouthypovolemiabyraisingthePCWPto>15mmHgandthecentralvenouspressure(CVP)to>10mmHg.IftheCOisdecreasedinthefaceofeuvolemia,evaluateformyocardialinfarctionandcardiactamponade.IfCOisimpaired,thentreatwithdobutamineifnormotensiveordopamineifhypotensive.
 2. Assesstheurineelectrolytesandmicroscopicexamination.
 3. Furosemideincreasesrenaltubularflowanddecreasesthebackpressureintheglomeruli.Considergiv-ingvolumewithcolloidormannitol.FurosemideathighdosesmaydecreasetheCOandmayincreasevasoconstriction,soavoiditsuseinthepresenceofhypovolemia.
 4. Discontinuenephrotoxicdrugs—Changeaminoglycosidestoaztreonam,discontinueamphotericinBfor24hoursandthenrestartitathalfdoseandalternatepentamidineandsulfamethoxazole.
 5. Considerdialysisinacuterenalfailureinthefollowingconditions:K+>6.5meq/L,metabolicacidosis(pH<7.1),refractoryhypervolemiaazotemia(bloodureanitrogen[BUN]>80mg/dL),Na+<120meq/Lor>155meq/L,andoverdoseofdialyzabledrug.
 K. Drugadjustmentsinacuterenalfailure—DiscontinueMg2+antacidsanduseAlOHorsucralfate,decreasethedigoxindoseto25%orchangetoverapamil,changesodiumnitroprussidetotrimethaphancamsylateandlowertheprocainamidedoseto50%;closelyfollowtheN-acetylprocainamide(NAPA)levels.
 L. Rhabdomyolysis—considerifcreatinineincreases>1mg/dL,BUNincreases>30mg/100mL,andK+increases>0.5mEq/L–allin24hours.Thereiselevatedcreatinephosphokinaseandaldolase(onlyfoundinskeletalmuscle).Treatmentiswithaggressivehydration.MayleadtoATN-likeillness
 M.Renaltubularacidosis(RTA)
 1. Type1(distal)—nonaniongapmetabolicacidosis,hypokalemia,increasednephrocalcinosis,andurinepH>5.5
 2. Type2(proximal)—nonaniongapmetabolicacidosis,hypokalemia,andadefectinreabsorptionofHCO3–
 H. Whenthereisdecreasedrenalbloodflow,Na+resorptionincreasesandurineNa+decreases.Inrenalfailure,thereisdecreasedNa+resorptionandincreasedurineNa+(butthisisalsoseenwithdiuretics).
 I. Urinemicroscopicexaminationishelpfulindeterminingthecondition(Table 6.5).
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 3. Type3—combinedproximalanddistal,knownasjuvenileRTA
 4. Type4(hypoaldosteronism)—nonaniongapmetabolicacidosis,hyperkalemia
 N. Loopdiuretics—CompetewithchlorideontheNa-K-2ClpumpinterferingwithNa+absorptionatthickascend-inglimboftheLoopofHenle.Furosemideisthemostcommonlyusedloopdiureticanditmayleadtoexcre-tionof20%offilteredNa+.
 O. Thiazidediuretics—InhibitNa+-Cl–cotransporterleadingtoexcretionof5%offilteredNa+.Thesediureticsaresignificantlylesspotentthenloopdiuretics;contraindicatedinanuria,renalinsufficiency,gout,hypercholes-terolemia,hypokalemia,andsystemiclupuserythematosus(mayexacerbatesymptoms).
 P. K+-sparingdiuretics–AmilorideorspironolactoneinterferewiththefunctionofNa+channelsinthecorticalcollectingtubule.SpironolactonedisruptstheNa+channelsthroughcompetitivelyinhibitingthemineralocor-ticoidreceptors.
 Q. Osmoticdiuretics—Mannitolisnonreabsorbableandinterfereswiththewatergradientintheproximaltu-buleandtheloopofHenleleadingtotheexcretionofwaterinexcessofNa+.
 R. Urodynamictesting—Uroflowmetrymeasuresrateofurineflow,cystometrogrammeasuresbladderfillingpressure,pressure-flowstudydeterminesifreducedflowisduetoobstructionordetrusorweakness.
 S. Treaturinaryretentionduetoneurogenicoratonicbladderwithbethanechol.
 V. Gastrointestinal
 A. Stressulcers
 1. Causedbymucosalischemiathatdecreasesmucusformationandleadstosuperficialerosions.
 2. Thehemorrhagerateofstressulcersis20%andthemassivehemorrhagerateis5%.Thehemorrhageratecanbeloweredto5%withH2blockersorantacids,bothareequallyeffective.Antacidshavebeenshowntobemoreeffectiveindecreasingoccultblood.Bothhavethesameefficacyforpreventingfrankblood.EnteralfeedingsareashelpfulasH2blockersandantacids.
 3. Cytoprotectivetherapy(sucralfate)causesanincreaseinmucosalbloodflowthatmaybeprostaglandinmediated.Itisveryeffectiveiftheproblemiscausedbybarrierbreakdownandnotbyincreasedacidsecretion.BenefitsincludenormalpH,lowestcost,andnoknownsideeffects.Inalowflowstate,thesplanchnicbedisaffectedfirst.
 4. Gastricemptyingisconsideredadequateifonecanaspirate<50%oftheinfusedvolume(50–100mL)after30minutes.
 B. Pseudomembranouscolitis
 1. CausedbyClostridium difficile
 2. Characterizedbyfever,leukocytosis,waterydiarrhea,andabdominalpain.Itmayprogresstotoxicmega-colonandrequiresurgery.EvaluatebysendingtheC. difficiletoxinforcultureordoingcolonoscopy.
 3. Treatmentiswithisolation,discontinuationofantibiotics(exceptaminoglycosides)andstartoralvan-comycin,500mgevery6hoursororalorIVmetronidazole500mgevery6hoursfor7–14days.Chole-styraminebindsthetoxinbutalsobindstheantibiotics,soonlyuseitbetweendoses.
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