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ABSTRACT: Physiciuns have used various forms of antipyretic therapy since antiquity
to Jower the temperature of febrile patients. Nevertheless, it has yet to be determined
whether the benefits of antipyretic therapy outweigh its risks. 11 is not known, for exam-
ple. if core temperatures encountered during the febrile state ever reuch levels that are ine
trinsically soxious (and therefore merit untipyretic intervention) or whea, if ever, fever's
metubolic costs exceed its Physiologic benefits, or if the benefits of symptomatic relicf af-
forded by antipyretic drugs consistently exceed their toxicolopic ¢ 3 e

nary experimental and clinical obseryations suggest that antipyretic therapy has the po-
tential to increase the duration andfor severity of certain infections, such daty are as yet
ton fragmentary to draw firm conclusions regarding their validity, Finally, although clin-
ictuns lunve long suspected that bacteremia and other severe infections might induce fevers
that are less respomsive (o antipyretic therapy than are thase associated with self-limited
infections, this concept has not held up under scientific scruting. 't s, despite over 2.5 mil-
leunia of clinical expericnce, important questions regarding the risks and benefits of an-
tipyretic therapy remain to be amwered,

y the time he reached the age of 32in 323 ue, Alexander the Great had snmassed o

larger empire thun had any commander in history, with the possible exception of
Genghis Khan, His conquests ended in Babylon with the onset of a mysterious, acute
febrile illness that, over the course of 8 days, took Alexander’s life.! 1t is worthy of
note, in view of the subject of the current review, that the Babylonian physiciuns car-
ing for Alexander treated his illness with physical methods of antipyresis in the form
of repeated cool baths. Thus, antipyretic therapy has been used by clinicians since the
carliest days of the profession,

Prior to 1899, antipyretic therapy consisted primarily of physical methods of cool-
ing. This changed in 1899 when aspirin appeared as the world’s first commercially
available antipyretic drug. Since then, numerous other drugs capable of suppressing
fever have been introduced into clinical medicine. Their widespread application by pri-
tary care physicians,? emergency room nurses, pharmacists,® and parents and other
caregivers*® is consistent with a general belief that fever is inherently noxious. ‘This be-
liet is likewise reflected in surveys reporting that approximately 40% of parents and
other caregivers regard temperature elevations encountered during fever as harmful®*
and that 12% of physicians believe that fever can cause brain damage.? Perhaps most
indicative of the medical profession’s inherent antipathy towards fever is that an esti-

mitted 70% of nurses and 30% of physicians routinely use antipyretic drugs to suppress
fever, 2

*This wark was suppored by the Department of Veterans Afairs,
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214

. N TAE & - g 2‘5
MACKOWIAK & PLAISANCE: ANTIPYRETIC THERAPY

RATIONALE

Although clinicins have long had at their disposal elfective {n'cuns}:lt I«,:;\ur;:ﬁl ‘;:n;:
temperature in febrile patients, the actual bc‘ncﬁl. of such rcdgufl'cl!‘m in en )?: g
still uncertain, Morcover, it has yet 1o be shown in man that muu.fscsllupu :r e
ature encountered during fever are harmiful per se crl;ulmly, dm‘mll,- I.Ldl'v.\“:“ Ic.w“
other forms of hyperthermie, core lcm;wrnllurlu culn, and 'I'|:::::|::L{t:|‘)::;l::d .mr;..g

hat are inherently harmlul.? However, such levels are u {Heve hed :
:'c:vcr's regulated ri{c in temperature, which rarcly c}ccgds 41°C :n llhln'd'hll:.r::::lrlil,c;\z:
whereas healthy volunteers have been reported to \:’llhslillld clorll. lz:nt[:«.‘rins ool :acr-
lor as fong a1s 4 hours withowt apparent il cll‘u:|§, the possi ): I-Iy I'L.I .\.:mm“cmd o
tain patients, even the relatively modest nereases in corf: |.-..-|'npu.uun. el

ing fever are deleterious and should lhcrclorclhc SlleH;b&fl',‘. hose between the uges

One such category ol patients includes children, primarily t )os«..'.l whegri
of 3 months and 5 years, In such childn.'n. seizures have been n:purlloj Lo "J:';LAlllluugh
episodes of fever at a frequency of as high as 14% in sclected pop‘u' .nuiu‘x} ki
most children with febrile sci'lz.ur;:s lu;vc lcmlpfr;uu‘rlcfl osl‘ 5.?!33}; :::1 \lq‘::s*i :::. At
seizure,'” many tolerate even higher fevers at later date s Unlor
::.l::.‘lllzy, :.;w;fl be discussed, antipyretic therapy has not been .\‘h(.“!{l; l;= P.n;.l:.ll against
recurrences of febrile seizures in the lew conlm.llcd trinls L‘t.)l\\lll.(..l’.(. t l.u:-.‘ ‘|';|~ S

It has also been sugpested that patients with undurlym.g c..;nlmv.;?;l:r el
monary disorders might be especially susceptible to the a:dvcr::' el z.:\l.l:!«-n ;:n:ls.un:lpar-
of metabolic demands imposed by the cl_cvuln:d lemperature. Suia t: ‘m.\ swtirlinl)
ticularly high during the chill phase (that is, shivering) as cvndcmm‘ {jlll:s“i.r;nory 2
pathetic tone,'* oxygen consumption, respirsiory minute .volumf-, .31 X F-’hill s
tient.” As a result of the associated inc!'cusc in metubolic .d'cm.m~ ‘AlI‘; Lugh'l i
fever may be capable of ageravating cardiac or pulmonary dlw_rdel:::‘ -n:s?v s
sibility has been ollered as jusliﬁc';mon. for antipyretic lhcr:npy ur pl.u) uhc ot
derlying disorders, the risk/benelit ratio of such lhcr:mle‘:n:s yu.lf ; hudsiilniriar

Antipyretic therapy might also !wcjusuﬁcd. at leastin t n.qry.: ¢ o
exceeded its physiologic benefit, if the treatment provided s‘ymp'lt‘ml i s Lot
adversely utfecting the course of the febrile x_llncss. or il the l'o‘\-llu.l oxl, ‘:ial cl]"c&s 4
fects) of the antipyretic regimen were appreciably lower l.h;!n usf >:m.h|; e s
fortunately, although clinicians have long argued the vz.nlu.hl.y o .«..‘u': bl
sttions as justilication for antipyretic therapy, few scientific dita exis pp
these arguments,

ANTIPYRETIC DRUGS
-
; % T en ir mech-
Antipyretic drugs can be grouped into three gcnc!'.'z.I calegorics I\lsu.! ?")li?]?,.lrnl::titin-
anisms of action. These include cort icosteroids, aspirin and other r?o‘n‘?h.rf iridzid
Mammatory agents (NSATAs), and acetaminophen. Each exerts its effects ©
sints in the febrile response pathway. ) ' o " .
P Although not generally used as antipyretics, comc;x_s(clm(:;jz .nlr;. Lu:‘rul;’(:[):‘lg;l;;?:!.ls 2
cki ripti 1" interleukin- -1) and ¢ e
revent fever by blocking transeription o c =13 sind Aygermes
{;"()Ilgh a process involving inhibition of phospholipase A, by h.poa.orlu.l l‘. Aspm.x:. ‘:lslc
the other NSAIAs are active inhibitors of both central and pCflp!lcrdl cyflocl)xygc.. s <
Although acetaminophen inhibits the production ol‘.pAroswglun_dm‘(P(.}) |51 l‘\.e 'm:;o'sl
it does not inhibit such production peripherally and it is not active in vitro .|g.n‘n‘sl'| osl
preparations of cyclooxygenase.'™ Acetaminophen’s lack of activity against periphe
cyclooxygenase most likely accounts for its negligible antiinflammatory property.
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PHYSICAL METHODS OF ANTIPYRESIS

A variety of technigues are currently used to cool patients by physical means. These
include sponging with various solutions (e.g., tepid water or alcohol), application of ice
packs or cooling blankets, and exposure 1o circulating lans (most often in conjunction
with sponging). In contrast to antipyretic drugs, external cooling lowers the tempera-
ture of febrile patients by overwhelming effector mechanisms that have been evoked by
an clevated thermoregulatory set-point, rather than by lowering that set-point. There-
fore, unless concomitant antipyretic agents have lowered the set-point or shivering is in-
hibited by other pharmacologic means, external cooling is vigorously opposed in the
febrile patient by thermoregulatory mechanisms endeavoring to maintain the elevated
body temperature.

Physical methods of antipyresis promote heat loss by conduction, convection, and
evaporation. Evaporative methods have traditionally been touted as the most effective
physical means of promoting heat loss in febrile patients, because such methods are
deemed to be least likely to induce shivering.' However, carefully designed compara-
tive trials have not yet established any one physical method of antipyresis as superior.

Dircet comparisons of pharmacologic and physical methods of antipyresis are like-
wise ull but nonexistent. In the only extant controlled study, Wenzel and Werner® re-
ported that salicilates reduced the second phase of endotoxin-induced fever in rabbits,
whereas abdominal cooling increased heat production and did not lower core temper-
ature unless animals were simultancously exposed to environmental hyperthermia, Nei-
ther antipyretic modality abolished the initial febrile response,

The few available clinical studies of the eflicacy of physical methods of antipyresis
differ in their conclusions. Interpretation of the results of these studies is dilTicult, be-
cause pharmacologic agents are almost invariably administered concomitantly with
external cooling. Steele er @l found acetaminophen and sponging to be equally ef-
Teetive in lowering fever in children admitted 1o a pediatric hospital because of fever,
However, when combined, the two modalities produced more rapid cooling than did ei-
ther alone. By contrast, Newman® found that tepid-water sponging in combination
with acetaminophen was no more effective than acetaminophen alone in lowering the
temperature of febrile children. O'Donnell er /" concluded that while hypothermia
blanket therapy adds little to the action of pharmacologic agents in lowering temper-
ature in adults, it induces wider temperature fluctuations and more episodes of re-
bound hypothermii,

DIAGNOSTIC CONSIDERATIONS

Numerous investigators have observed a direct correlation between the height of
fever and the rate of serious bacterial infections in children, with the maximal risk of
such infections occurring with temperatures in excess of 40°C.* 2 It has also been sug-
gested that the response of a fever to antipyretic therapy might have diagnostic impli-
cations, in that a drop in temperature and/or improvement in the appearance of a
febrile child indicates that the fever is not due to a serious tliness.?” This conclusion,
however, is not supported by numerous investigations comparing the temperature re-
sponse of bacteremic and nonbacteremic infections o antipyretic therapy in chil-
dren, 24

OF six such investigations reported in recent years, only one'* found o difference in
the antipyretic responsiveness of bucteremic and nonbacteremic lever, In that study,
bacteremic fevers responded significantly less well to acetaminophen than did non-
bacteremic fevers. However, unlike the five other prospective investigations published,
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FICURE 1, Claracteristic response of neoplastic lever o a nonsteraidal antiinflammatory fgent.
Patient hud u protreted ebrile course for several weeks without significant Iysis of lever in '“r;
sponse o anlibioties, However, fever disappearned within 12 hours ol inftiation of therupy wit
naproxen. (From vel, 34, with permission.)

which Tound no such difference, this investigation was a rclmspcglivc study. Fhus, with
one retrospective exception, published investigations suggest that in L‘h.lltl ren, levers dl_u.:
10 serious infections (i.e., bacteremic infections) ire no less responsive Lo amupyretic
therapy than are less serious infections. ) ‘ ¥

Several studies have suggested that an :mlipyrgnc responsc 1o nonsteroidal antiin-
Mammatory sgents can distinguish fevers of inll't‘:hous origin from those dluc l.u c:mfc_r.
The clussic response ol a patient with neoplastic I'c\\:r' 1o an NSAIA lsl:llflslﬁllg\ ‘m
FiGume: 1, Naproxen was the first such agent to hc.almhcd in l!\ls rcg;m!. S-M’quumi
randomized comparisons have shown naproxen, indomethacin, il.l\d dxcl«)‘tcn.;u 'lu bg‘
equarlly elfective in inhibiting cancer-induced fever. " Why nqnslcmulul '.mmnll‘mll_m‘u')r)
drugs might be more effective in reducing lever duc to cancer than that due 1o in 3:'.‘11011
is uncertain. Dinarello and Bunn® have hypothesized that in contrast 1o their elfect on
fevers resulting from infections, nonsteroidal ;m_liinl'lamma!ory drugs supprts.s l‘:v.crs'
due to malignant neoplasms by inhibiting cytokine production rul.hcr than h_y(.alt;nfl'g,
the responsiveness of the anterior hypothalamus to the pyrogenic cffect of such cy-
tokines.

BENEFITS VERSUS RISKS

Two eritical assumptions are mide when prcsgrihiug unlipyr'clic.lhcr:np.y. Onc'ls
that fever is, at least in part, noxious, and the other is that suppressing fever will reduce,
i not climinate, fever's noxious effects, Neither assumption It been validated cx.pcr-l
imentally. In faet, considerable evidence indicates that Tever is an important defense
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mechanism that contributes to the host’s ability to resist infection, However, even il
fever (or its mediators) does adversely afTect the course of discase, as in the case of bac-
Lerial sepsis,™ it does not necessurily follow that inhibiting fever with antipyretic ther-
apy will eliminate this effect, especially if’ such therapy has intrinsic loxicity of its own.

One reason commonly given to justify suppressing fever is that the metabolic cost
of fever exceeds its clinical benefit. In fact, the metabolic cost of fever is substantial, es-
pecially during the chill phase of the response with its shivering-induced increase in
metabolic rate, nonepinephrine-mediated peripheral vasoconstriction, and increased ar-
terial blood pressure.!® Because of the potential adverse consequences of these meta-
bolic effects on cardiovascular and pulmonary function, fever has been attacked with
particular vigor in patients with underlying cardiovascular and pulmonary diseases,”
Although antipyretic therapy has theoretic merit in this regurd (i it does not induce
shivering®), even in patients with underlying cardiovascular and pulmonary diseauses,
neither the detrimental effects of fever nor the salutary efiects of antipyretic therapy
has been documented experimentally.

External cooling, which is widely used in such patients to suppress fevers unre-
sponsive to antipyretic drugs, decreases oxygen consumption by as much as 20% in
febrile critically ill patients if shivering is prevented by therapeutic paralysis® (I1i. 2).
IT shivering is not inhibited, external cooling canses u rise, rather than a fally in oxy-
gen consumption.® Perhaps more important to febrile patients with underlying car-
diovascular discase, (as shown in the middle panel of FiGure 3), external cooling can
case vasospasm of diseased coronary arteries by inducing a cold pressor response, a2
For all these reasons, it has been suggested that a more rational strategy for treating
fevers unresponsive to antipyretic drugs is to warm rather than to cool the skin surface,
thereby reducing the vasoconstriction and shivering thresholds dictated by the clevated
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FIGURE 2. Effect of external cooling on oxygen consumption (Vo,) in o febrile critically il pa-
tient, With cooling from 38.6 1o 37.9°C, the patient began 1o shiver and exhibited an increase in
Vo, from 336 10 359 mi/min, Once shivering had been inhibited by therapeutic paralysis, subse-
quent cooling was associated with a progressive fall in Vo,. (From ref. 40, with permission.)
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FIGURE 3. Coronary arteriogram ind clalrocn@iugmplnc lead 111 exhibiting o C(::I |)||»:w,r‘::
sponse in the right coronary artery of a patient with coronary xnll\crf\ﬁ‘;lcr()suir(“kl:) [‘I)s.:,::“ .cnl.j
riogram shows 907% stenosis of the middle segment, with good tl}al.l runoff. X mmbl e
pressor stimolition, the urtery is almost totlly slcmvlu.'d "'.' (h;‘ nm.;:I .::‘: Ilcs;;::: .‘n;:: l;».:‘::m e
C s seen be s stenosis. Mild STasegment elevation has ocearred, atient
:;;:g]::gr:cnull)l‘;{:‘;:‘:l:lm(:) Aler nilmgl)x'cr;!l;. the Ig.sinn isllcss s|cnu:~z'cd and distal runoll is good,
The ST segment has returned 1o normal, (From rell 41, with pernussion.)

hypothalamic thermal set-point and, in turn, effecting a decrease in core tempera-
e L) . .
lu";'\«‘lipyl-clic therapy is also mn.mmnly mlmlinislcrcq 1o enhance l.‘:““,”;.' (.ull::i;o:‘“:
General experience with antipyretic n.l,-ugs, which are Io‘r Hw~mo§| |{M|"1‘;w. :| ;"il.ius
agents, seems Lo support this contention. 1 Iowcxgx. curclully umlu: \'( ¢ u, ;{m 9y
hawve not yet established the validity of Illfs.conl\:nlum. Mmcfwc_r, l}k u‘.mvt‘?(. gy
symptomatic relicf, in terms n|-d,_-ug toxicity u.nd adverse eflects o (uru‘pyr‘c fi‘ él‘h- 0
the course ol the illness responsible for the fever, has never been ‘duummu- .' ‘ i
portance of such information is underscored hy eports ll:ul ucel:munnpthl‘)‘pAm nn,L_:h |;
time to crusting of lesions in children with chlf;kcn pox* and Ihull I)]t»}lll‘ .FLLI.II.I‘IAIIA]i:‘|. l]:c
und aspirin increase viral shedding and nasal signs and .sym.plo-n_\s \V.l! e a}l}:ﬂltbb I
serum neutralizing antibody response in a(|||I!s with rhinovirus m'ru:npﬁ).nx S
Antipyretic therapy is also occasionally given to prevent ch'nh'.' sulll;rlc.\lu L,-,li,;,"\
and to prevent or to reverse lever-induced mental mlys‘luncm.n} in | ”f [ chu_u Ay‘I| .) w“.h.
As illustrated in FrGure 4, Beisel ef ol showed lllii} aspirn (ll.l LI:)m' l‘{l-l l:?:“cc 2
propoxyphenc) ameliorates fcvcr-uulucgd tlccrumcnls in mcn.lul w.nr ‘ .p:; :;l:;l'. ey
young volunteers infected with sandily fever virus, even in th prL‘)l‘:l‘lLL «r ” ) [;.bwr.
relief of cither the fever or the other symptoms of the illness. l!‘-‘i'-.ulv ‘(;]‘-l':“,: |’-;:cr-
vations, antipyretic therapy migh} be cxpccnc_d o have i hL‘IlLII:iII-:. :l u. t.ll “«; e
induced mental dystunction in frail elderly patients. However, studies designe
this hypothesis have not yet been conducted,
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madels of sepsis, antipyretic drugs that inhibit cyclooxygenase confer protection when
given soon alter bacterial challenge, presumably by blunting the adverse effects of
TNF-oeand 1L-1. Inarecent large clinical trial, Bernard ¢f a3 reported that 48 hours
of intravenous therapy with the cyclooxygenase inhibitor ibuprofen lowered tempera-
ture, heart rate, oxygen consumption, and lactic acid blood levels, but it did not decrease
the incidence of organ failure or mortality it 30 days. Thus, despite promising results
inexperimental animals, antipyretic agents hive not yet been shown 1o be of valve clin-
ically in the treatment of bacterial sepsis,

Rectal Temperature, C

INDICATIONS

Although clinicians have resorted to various forms of antipyretic therapy since time
immemorial, there is a dearth of scientific data on the actual benelits and relutive risks
ol such treatments, Nevertheless, several tentative conclusions regarding antipyretic
therapy seem justitied in light of the imited data currently available, 11 is clear, [or in-
stance, that short courses of approved doses of standard antipyretic drugs carry a low
risk of toxicity, Most of these drugs have analgesic as well as antipyretic properties.
Therefore, il not otherwise contrnindicated (e.g., aspirin in young children because of
the risk of Reye's syndrome), such deugs can be preseribed 1o provide symptomatic re-
lief in febrile patients in general, 1o reduce the metabolic demands of fever in patients
with underlying cardiovascular and pulmonary disorders, and to prevent or alleviate
fever-induced mental dysfunction in the elderly. To minimize antipyretic-induced ue-
tations in temperture (as well as the risk of recurrent shivering with its nssociated in-
creased metabolic demands) antipyretic agents should be administered continuously 160
febrile patients, rather than us needed for temperatures above some arbitrary level.
Whenever preseribing such medication, it should also be recognized that cach carries
its own risk of toxicity and might prolong the course of the illness responsible for the
fever while reducing the intensity ol ils symptoms.

In view of the capacity of external cooling measures to induce i cold pressor re-
sponse, it is questionable whether this form ol antipyretic therapy should ever be ad-
ministered to febrile patients (much less to 1CU patients for whom it is most com-
monly prescribed), It external cooling is used 10 treat fever, care must be taken to
Days - o *2 "2 +3 “q +5 prevent shivering, because ol its associated incrensed oxygen consumption, Unfortu-
nately, even il shivering is prevented, there is no guarantee that a cold pressor response
FIGURE 4. Effect of e witlh aspirin : e : will be averted,

therapy with aspirin and propoxyphene on temperature, pulse rate, and The decision to treat fever is an individua! one. When making it, the risks and ben-

mental work performance during experi. i
i B perimentally induced s; Ve ’ o 47, wi
mission. ) ally andfly fever. (From ref, 4 L, with per-

Pulse, beats per minute

Pertormance Index, % of base line

chits of antipyretic therapy should be carelully weighed against the relative risks (and
perhaps benefits) of undisturbed Tever in the patient for whom antipyretic therapy is

being contemplated. -

l'-hrL';lI:h-""um"c'l‘y‘ _:mupymic therapy does not appear to be effective in preventing

; e ;n:lnln.\ .‘-( amfield o al® conducted a randomized double-blind study com- ACKNOWLEDGMENT
:.armg‘ ¢ )1n e mch recurrences in children given daily oral phenobarbital wnd an-

ipyreties during fever witl s iven antinyretics Wi e
treated with hmlil phcnob‘n:'ilili'll;mlﬁ:iv:'l‘ll‘;;:;lflzit::;;':-":,:ti'!"ly ‘i‘lﬂﬂ placebo, 1o children The nuthors are grateful to De Sheldon E. Greisman and Dr, Willizn R, Beisel Tor
S : ind i ¢ s lebrile seizure recurrence rate was SR < Sl Kudavivalll Tor iseistini sa - dima:anatysis
5%. whereas in those given plicebo with antipyretics, the rate wis 25%, More recently. l advice and support and to Mr. Suncel Kudaravalli for assisting in data analysis,

acetaminophen hus been given to children with fever us prophylaxis against febrile
serzure recurrences, Whether given in moderate dosage® or in relatively high doses, je-
ctaminophen failed to reduce the rate of febrile seizure recurrence, e g
o Rcc;:nl.ly.‘ llw‘n.j I.m's fbccn .consldcm.hle inl-:r'csl in the use of certain antipyretic drugs
modulate the activity of pyrogenic eytokines during hacterial sepsis® 1o animal
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