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Preface 
At lhe b~ginning of the 2nd decad· 
to health care practitioners is im1n 
announcing results of the latest st\ 
only in u11ivcrsity libraries can be r 
demics. commercial orga11iza1ions. 
with n computer and an internet co 

What is the role of a genernl re fere 
entire body of medical knowledge: 
of knowledge available, finding i 

always been iniended as th~ tirsts11 
topic for the first time or for the f 
topic, readers wi II be well prepnre• 
information available elsewhere. 

As it has for over 110 years. Tile M 
organized by orgnn system or medi• 
orders, The Ma11J1a/ provides health 
cal explan111ions of "what to do" 10 

suspect a disease. the proper seque 
along with selected altemacivc:s. In 
etiology and patttophysiology to em; 

The Manual continues to enhance 
shells'" at llre beginning cf each dis< 
whenever possible. including a1 the 

In the interest of brevity, The Mere. 
ture. Nonetheless, readers can be 1 

peer reviewers are presenting the 1> 
evidence. 

Allhough the printed Merck Mamw 
it h'.1S returned to the pocket as co 
ndd111011. 77ie Merck MC11111al co111 
www.mcrckmanuats.com. Allhouel 
1~roduct cannot, 1he book still provi < 
ul_e satisfaction and ease of pen1~u 
w1 II change as techno logy adva11ces 
keep 'fhe Merck Ma11ual as useful u 

We thank the numerous contributor~ 
and we hope you will find ii worth· 
for improvcmenls will be warmly \V 
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rimary: Excision 
nt primary: Palliation · ::;;-;: , · 
ic: Depends on tumor on· •· ... ·.' .. '· · . gip-· · ' 

nt of benign primary tu «i. ~'~~ · :: :if3". 
c1s1on ~ollowed by seri;nll'is, > '-'-·-· 
Y o•er :> to 6 yr co monitor i~I). . 
umors are excised unless aJJ. ()r'iO. • . 

Cardiac Arrest 2255 
Max Horry Weil MO, PhD 
Cardiopulmonary Resusci1.ation 2256 

PosU'esuscitative Care 2263 
, dementia) contramdicat.eso~ 
ery is usually curative .. (9~ yr). Exceptions are rbabdom ll 

of "".hich regress sp~ntan ,,~ 
~wre treatment, and peri=~ 

hie~ may require urgenc pen ., 
Pauents Wlth fibroelastoma car- . 
valvular repair or repla~ 

omyomas or fibrornas are-Dill& 
~ ~xc1s1on 1s usua!Jv ineffedi,~ 
IS _ 1~ poor after the' first y.ear Ot 
at ::> yr.may be as low ss: IS%c 

t ~I malignant primary tnmois~ 
txve (eg, radiation !herapy,i:&. 
man_a~ement of complicatiooi) 
nos1s 1s poor. ._, << 

t of. me1~ta.tic cardiac ~~~ 
tumor ongrn. le may icclnct . 
motherapy or pall iation. ::;: ;

1 
· 

::·; ,.;0.•:. 

.. : . ·;::· 

CPR in Infants and Children 2266 

Respiratory Arrest 2269 
Charles 0. Bortle, EdD, and Richard Levfion, MD 
Airway Eslablishment and Control 2270 

Respiratory Failure and Mechanicai Ventilation 
Brian K. Gehlbach, MD, and Jesse 8. Hall MD 
Overview of Mechanical Ventilation 2279 
Acute Hypoxemic Respiratory Fai lure 2284 
Vencilatory Failure 2288 
Other Types of Respiralory Failure 229 1 
Liberation From Mechanical Ventilation 2291 

Shock and Fluid Resuscitation 
Mox Horry Weil MO PhD 
Shock 2292 
Intravenous Fluid Resuscitation 2297 

Sepsis and Septic Shock 2299 

Max Harry Weil MC. PhD 

2292 

2279 

· U Approach to the 
Critically Ill Patient 
Critical care medicine spec'alizes in ca.ring 

for the most seriously ill patients. These pa-

tients are be>! treated in an ICU staffed by ex­
perienced personnel. Some hospitals main­
tain separate units for sp<!eial populations (eg. 
cardiac, surgical, neurologic, pediatric, or neo­
natal patients). JCUs have a high outse:patient 
ratio to provide the necessary high intensity 

2243 
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Casi~i~4-~~:u°o4!J.r~@'ga•e 0~~%-ment ·Ett--Rfedi)81Z:1d-~~ 
1

3~~ID-#:-10-±~-A_P_Tf_.R_2_22_Approach to the Critically 1u Pa!ient 2245 

or service, inc:luding treatment and monitoring station by Rsmull rndiou~n$11lillerworn~ . ble ln-1. POTENTIAL IND ICATIONS 
of phys1ol?~1c pammacn._ . . patient. Automored sy<1enu gcnerntc :'!·"i.: . ta FOR PlJLMONARY ARTERY 

SUf>!.Xlltl\ecareforthe lCUp111enr tncludes f~abnonnol n llC$ and 1'!1yll1111i.anast~ . CATHETERIIATION 
prov1s1on of adequnte •.•utnllo11 (5ee I" 21) nonnal tracings for ~"bseciuenr revic °'ilb. ---·-·---·----·-· 
and e•:cvenuon of rnfect1on, stress ulce1~ and Some specialized cnrduic monito~ . , c;.:;iJac disorders . 
gi1~1n11s (seep. 131), n11d puhnooory embolism advanced 1,amineters associated w' th 1f1<t ,, J.<Ote valvular 1·cgurglta11011 
(sec .P· 1920).13e<:~tise 15 to 2J'.*>.of patients nary ischemia, ahhough their clinic~~~ c.<di"~ tsmponade . 
admmed 10 ICUs. d!e t!iere, phys.ic1nns should is unclear. ~ pammeten; me Jude -"'<II , ()>Jllplicated bc:lrt failure 
kn~w ho~ to minnn~ze .suffenne and help uous ST-scgmcn1 monitoring and~~ con1~1tarcd Ml 
dymg pauents ma111tatn d1gn1ry (seep. 3480). vu1:i•bilitr. Loss of normal beat-to-beat ".\': , · V•otncnlar •~ptal mil'.'': 

Ab1l11y s ignals a reduction in autoo ~. , lkniodrnan•k 1ns1ubfhty 
ac1ivi•y and possibly ex>ronary ische .0111, ., . ,_.,essmcntofvolumcsiatus 

PATIENT MONITORING 
AND lESTING 

Sonic monitoring is man.111 (ic, by di1ec1 
observation nnd physicul cXA111ination) uu<l 
interm ittent. wi1h the frequency tlcpendino 
on the patient's llb1css. This mcx1itoring usually 
includes measut'ClllCnt or vital Signs (ttOlper· 
ature, BP, pulse . and respira1io11 r>te), qua11-
1ificatioo of all Ruid intnkc nnd output und 
often daily weight. HJ> may be rccor<led by an 
nulonuued sphygmomanomcter; a tmnscuta­
ncousscusor for pulseoximetry is u.o;ed as well. 

Ot.her roonitorlng is ongoing and continuous. 
prov111cd by complex devices !hfll n:quire SJIC· 
cial training and cxperi~nce to opemte. Most 
~uch devices gcncmte an alann if cc11Hin pl1ys-
1olog1c poran1ctcrs ttre exceeded. Evc1y IC IJ 
should strictly follow protocols ror investi· 
gating alanns. 

Blood Tests 

Although frcqt1c111 hlood draws can dc­
s truy v~h•~. C<l\lsc pain. and lend 10 anemia, 
ICU l>allents typically have routine daily l>lood 
1csts to help detect problems early. Generally 
pa1ienl.1:: need a d~ily set of elcct.rolyles and~ 
CBC. Potien\S with ttrrhythmias should also 
have Mg. phos\1hatc, and Ca levels 1111:ns11recl. 
P"tie111s rccciv ng Tl' N oeed weekly liver en­
zymes and congulation profiles. Other 1ost$ 
(cg, blood cu lture fo1· fover. CBC after a 
bleeding episode) are done as needed. 

. Point--ofpcarc 1es1ing us~s minhuuri7.ed, 
lnghly nutolllntcd devices to do ccnain blood 
1csts at the pmicnt's bedside or unit (panku· 
lurly IClJ. et11ergcncy depa11111.nt, nod oper­
aring room). 0.1111monly available t~IS include 
blood d~nistries. glucose. AHGs, CBC. car­
di•c markers. ond congula1io11 restS. Many arc 
done in< 2 min nnd require < 0.5 ml. blood. 

Cardiac Monitoring 
Most critic.all cnre patiem1 have cardinc 

acti vity monitored by a 3·le11d sys1em; sig· 
nnls are usually sent to a cenll'tl monitoring 

increased risk or death. '"'• ~: . $b<l<k 
": lltlt""1Ynomk tnonllnring 

Pulmonary Arteiy Catheter Monlto · , · ()111i•csurgcry . . . 
Use of a pulntonaiy artery cuthcter °"· . · : f<JS toperauve care m cnucally Ill patt.ents 

!s becoming l?s~ common h1 ICU 1,4W~ · .. · s~'"l'.";;~:.:t'?i~~~r:.,~~c 111 patients 
I hts bnlloon-l1pped, now-darecrcd talhelii:" , • t I 51

o
1 

in.1a1cd via ccnlral veins rhrouah the rigb.:. p;t11ton•"Y dlsordt1'S . 
of the heart into the puhnonll'y artery l\i .. eomplicatc:d puln1or.~ry emboh<nl 
cothcter tyiiic•lly contains sevcn11 por~t1* • :·, f'lolntonary hypcncnS100 
CftO monitor p1·es:surc QJ' ia1jecl OuidJ. s ·~ ~ r. . . --~.------.-.... - .. 
PA_Csnlso include a sens-Or lo mcasurec.e:,. ! i · •Par1icult1rly 1r 1uo1rup1c drugs ::uc 1ec1u1rcd. 
(mixed) veuou$ 0 2 su1u1,.1io11, Da1a trcln ~; • 
PA Cs arc <L~ed ma111ly to determine cerdi;c· ' '. 
outpui and prelond. Prc:load is mOll IXJID.. • , ii\ll atrial or venn caval pressure. When !he 
mon ly estimated by the pulmonary aJ1«y • ' Cldielere.1te~ the pulmonary ancry, systobc 
occlusion pressure (see p. 2245). Ho.l\<el'tf '·~, ircs>"re does not chnnge, but diastolic prcs.­
prcl~ad may be more accurn1ely deteiiiti~'.). .. !He rises above right ve ntricular end· 
by .right venlncular end-diastolic vohi~···' ' 4111101ic press111 .. or cencrnl v•nous press\lro 
wl_uch •s measured usiug fast·1t.'Sponsc tbjf. ;•' (CV!'); ie, tl1e pulse pressure narrows. Fur­
mmois _gated to he11rt rate. >.r. · ' lltt movement or th~ catheter wedges the 

Despite lon&-'•••l<liug use, r ACs ba~ Iii(, : llllooll in a diSt•l pulmonacy artery. A chest 
Wc:u shown to reduce morbidity and nlO<ill•. 1' i.rty confinns proper placement. 
ity. Rather, Pl\C usu has been nssodatcdwib:·:~ ; ·111esystolic pres.,ure (norrn11I, 15 to 30 mm 
exccss mortaliry. ThisfmdingmRyhecxplsiJid ;·:. ~&)and <li•stolic pressu1·c (normal, 5 to 
by co~1plications of PAC u~e and misillld.\ ·j ~ l) mm Hg) on: recor<ktl with the catheter 
pretauon or !he dnra obr.1ined. Nevetthi!di;;: :.i.Jbln deflated. Tiie diastolic pressu1e COi'· 
•otne physicians believe PACs, wtiea com-i r itspOOds well to die occlusion pressure, al· 
b?ncd with 0~1c1· objective and clinical ~· ~ { b g)l dias1olic pressure cnn exceed occlusion 
01d rn the management of cerrnin critically m .; ',! ixcssurc when pulnionary vnsculnr resistance 
puucms. As will.1 many ph¥siolo,lc mearuit1· 1, !'elevated secondary to pri m~1y pulmonary 
1~n~s, a chungrng rrend 1s 1yp1eallX.!"°"· · ' ', ;sruc (eg, pulmonary ftbrosJS, pulmonary 
sigmf1ca11t lhM a srngle abnormal veluo.'· • i,penension). 
~ossible ind ications for PA Cs are listed;.. : : • llllmonmy -.y ocdusion pressu1e (PAOP): 
hble 222- 1. ' · . r tlilh the b•llOOtl ioftat~d, p1·essure at the lip 
Pr~cedure: The PAC is Inserted througba· : 3. Ulbecathe1erreOcc1stheslaticbnckpresstll'e 

special catheter in lhe subcluvlnn or interoar · ~ ClfiheP11lmom1ry veins. ·n1c b•lloon must not 
j ugular ve111 wuh rhc halloon clellaied.011¢ '· i4llllinini1111edfor>30sectop1"vc11t pulmo· 
1he catheter Lip reaches the superior.,.~· :, ·: ""Yinrarttion. Nomlally, PA0Papproximnle$ 
cuva. partinl infllllion or the b•llOOtl' p!'i;r•ts ; ' ~fl atrial pressure, which in rum approxi­
blood flow to guide the catheter. The ~piot. :. · ••k:• left ventricular encl-<llastolic pressure 
of the cathcte1· rip is usually detcnnioed br, 5· '· .(l.VEOP). LVBDP reflects left ven<riculur 
pressure monitoring (see Tobie 222-2 for ii· ;·f. 1• 11\d-diustolic volume (1. VEOY). 111c L.VE\OV 
l1•C•rdiac and !!teat vessel prcssuru) o( \ , ) r<(JftSCnLI prelond, which is the nc1ual 1arget 
oe<:n•ionally by Ouo1'0$00py. Entry into!he. 2 . l'UOll!Clct. Many factors cau.'IC PAOP to 1e· 
nght v.emridc is indicated by u siidded t> ·; -. ~ l.VRDV inaccurately. 1llese f>et0!$ in· 
ci:ease m systolic pressure to about 30 l!llll Hg; . I .. dude milral stenos ii, high levels of positive 
d1as1olrc pre~sure remains unchanged fJOJI.: ~ .~ .. l).oxpiral(>ry pressure(> 10 cm H20J. und 

·.:i~ ·:-~ 

chllllges in lei\ ventricular C001pliancc (eg, due 
to Ml, pericardia! effusion, or increased after­
load). Technical difficulties re.~nh from ex· 
ccssive bolloon inOation, im1>roper catheter 
position. alve-0lar prc.ssurc ex~cding 110Jmo­
ntlry venous pn:ssure, or severe pulmonary 
hr.pertension (which may make the balloon 
d1flicult to wedge). 

Elevated PAOP occurs in left-sided heart 
failure. Decreased PAOP occur& in hypo­
volemia or decreased preload. 

Mi•ed venous oxygenation: Mixed venous 
blood comprises blood from !he superior and 
inferior ,·cna cuva that has t»-Ssed through the 
right heart to lite pulmonary ancry. The blood 
may besamplcd from 1hcdh1a1 pon of the PAC. 
but some cruhetets have embedded fiberoptic 
sensors that di.rectly measwe Oz saturation. 

Table 222-2. NORMAL PRESSURES IN 
THE HEART AND GREAT VESSELS _____ ... _,,,,,._ ____ . 

AVERAGE RANGE 
lYPE OF PRESSURE (mm Hg) (mm Hg) 

ll1ght a11ium 3 0-8 

R1gl11 ventricle 
l'cak·systol ic 25 15-30 

End-diastolic 4 ~ 

Pulmonory anery 
Mean 15 9-16 

Poek·systolic 2~ lS.·30 

cnd-di .. tolic 9 4-14 

Pulmonary 
111tery occ:Jusion 

Mc.an 9 2- 12 

Left atrium 
Menn 8 2-12 

A wave 10 4-16 

V W-3 VC 13 9-12 

Left ventricle 
Pco.k··sys1olic 130 9(H40 

End-<linstolic 9 5- 12 

Urochial artery 
Me:ln 85 70-150 

Pcak-sys1olic 130 90-1~0 

t:nd-dinstolic 70 60-90 

Adapted froro Fowler NO: CartUoc f)Urgno-sis 
''"" Tremme111. e<I ), P!tiladct)i1ia, lB Uppincolt, 
1980,p. IL 

. .. -- .. 

-.,, -
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