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Host Defense and Surgical Infection: The Adjunctive Role of

Therapeutic Antibiotics

Part II: Surgical and Pharmacologic Treatment of Sepsis

Glenn W. Geelhoed

Introduction

Treatment of a surgical infection usually requires a surgical
operation. Antibiotics alone are not the reatment of an eslablis-
hed surgical infection, und operation is often the critical compo-
nent tipping the balance in favor of the host defenses (o infecting
microbes. Both operation and antibiotics must be ancillary to (he
host defense, nnd ideally, cach would benefit that resistance, and
at & minimum not interfere with it or further impair the patient in
combating the infection.
- In Part I of this series on "Host Defense and Surgical Infection”
the principles of anlisepsis and antimicrobial praphylaxis were
described with the primacy of host defense Tactors as the cssential
determinant thal prevented infection. In this Pari 11, an examinati-
on of the principles of treatment is described focusing on Lhe ad-
Junctive role of antibiotics to operation, both of which are only
techniques in support of the fundamenial process of host defense.
This last feature is not only necessary for control of surgical in-
fection, but in some cases may also be sufficient, which neither
operation nor antibiotic can be without innatc defense factors.

Surgical Treatment of Sepsis

Treatment of a surgical infection is most ofien an operation.

There are three "big D's” in surgical infections, drainage, debride-
ment, diversion, and drug is another one of the D's important enly
at the margin, assisting the first principles of defense and draina-
ge.
If we rely upon 4 drug as the treatment for a patient with a lo-
calized abscess, we have treated the patient inappropriately, Drai-
nage of that abscess is not only necessary, but may also be sulTi-
cient, and drug may be, in many simpler instunccs, UNNECESSEry.
I the patient has a heavy bacterial inoculum, the surgical task is
to reduce it as swiftly and as completely as possible. If the patient
has a perforated colon, for example, diversion is appropriate. If
the problem is an eschar that is infected, debridement is appropri-
ale. If the problem is an abscess, drain it. These procedures sho-
uld be aobvious, but they are made explicit in order to point out
that no antibiotic makes up for a lack of these primary surgical
procedures nor can substitule for them.

Recent advances have brought about modern abscess localizati-
on techniques: the scanners of nuclear medicine, sonography,
computed tomography, and even magnelic resonance imaging,
Each of these techniques may be helpful in some cases finding
abscesses, and even ancillary in treating some of them, by percu-
tancous directed drainage. However, it is the treatment of the last
abscess that determines the patient's course, Surgical treatment is
inadequate if onc drains a pelvic abscess and leaves a subphrenic
ahscess, since the patient will respond as the last pus is drained, If
another "big D" were listed ahead of "drug” it would be "diet",
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since nutrition is fundamental in suppert of primary host delense,
the biggest "D" and the only sine qua non.

Choosing and Using Antibiotics

Following the acknowledgement of these Tundumentals, we
must often use antibiotic drugs in paticnts for whom they are indi-
cated. 1f we arc going to use them, how do we pick them and how
do we use them rationally ?

Let us ook first af the global rationale for giving an antibiotic,
remembering the difference in indications between prophylaxis
and trestment. We want (o selecl onc that has optimal eificacy. A
second objective in antibiotic seleclion is to minimize patient to-
Xicily, and that may limit our use of some effective agents. And, a
later concern, although importan, it does come after our concerns
of efficacy and toxicity for our patients, we wish to achieve bene-
ficial effect efficiently, while containing or reducing cosls. The
last concern is the one area in which the most precise numbers ha-
ve been compiled, and in the econemic environment of "DRG-
consciousness” many policy makers remind us that cosl is casily
measured and antibiotics draw considerable attention as being
among the highest volume cash flow in our pharmacics. What the
DRG (Diagnosis-Related Group) policy means is that the physici-
an can try to fix patient problems with any surgical or medical
means, including third generation expensive new agents, but the
prospective reimbursement is fixed by the patient's admission di-
agnosis, not the cost of the treatment selecled. Cost control must
now enter physician's judgement, and treating physicians must ta-
ke on the additional role of comptroller,

As reviewed in Part I, choice of a prophylactic agent for those
patients for whom it is indicated is safety first, with concern also
that resislance does not rapidly emerge to the agent used. These
are the first concerns, since the majority of patients who gel a
prophylactic antibiolic would never be infected, whether or not
the drug is given. Cost is also a major concern of prophylaxis,
since there will be less complaint about alternative treatment
drugs' relative cost than in prophylaxis, since it is easicr to de-
monstrate a life-threatening neced for the former. How do the dif-
ferent criteria by which treatment antibiotics are judged alfect
their selection 7

Rational Treatment

Treatment indications are quile different from prophylaxis, be-
cause the majority of prophylactic antibiotic usage would not ha-
ve pravable benefit for a given patient, All patients recciving an
antimicrobial will definitely experience the cost, possibly (he to-
xicily, and probably a benefit depending on their risk. In the pati-
ents considered for treatment antibiotics 100% of them are infec-
ted. The first demand of a Lrealment drug is that il be cffective
(Table 1). We may tolcrale several faciors which we would never
tolerate from prophylactic drugs, such as toxicity. A treatment an-
tibiotic is not going 1o be selected principally because it is inno-
cuous (although that was the lirst criterion of consideration for a
prophylactic drug) if it is less than optimally effective. Aminogl-
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‘fTable 1. Criteria for Antibiotics Selected for Treatment\
of Established Infection

Treatment Drugs

Eifectiveness Required

Toxicity Tolerated

Resistance Generation Accepted

Often used in combination to Cover Mixed Flora

\_ {Cost is less an issue than effectiveness) )

ycosides are oflen selected in the context of tregtment.

No physicians deny that aminoglycosides work elfectively as
antimicrobials. They have proven to be effective, but most physi-
cians are so sensitized to their toxic potential that 1 believe that
the single bigpest hazard of aminoglycoside use is that they are
often used in doses [hat are inadequate for their effect. There is an
obviously high mortality associated with septic shock, and that
risk generally outweighs the morbidity potential. It is not rational
to say that “in this patient with a high risk of mortafity, I am not
going to use an effective antimicrobial therapy appropriately, be-
cause I am worried about the drug's morbidity”. In the context of
treatment antimicrobials, toxicity can be tolerated that would rule
oul the use of the same agent for prophylaxis. If there were glier-
native trealments with the same effectivencss, the drug with the
lesser toxicity might be favored, but that would not be the First re-
guirement of a treatment drug. The first requirement is also not
going to be overlurned by concern for resistance generation in the
conlext of 4 patient with serious surgical sepsis. [T multiple drugs
have the same antimicrobial spectrum, and polential utility, per-
haps one or more could be "banked" so that resistance was not ge-
nerated (o all the treatments available; however, the most effecti-
ve drug has high uiility in the sickest patients with the highest
risk of mortality; it is that patient that has priority over protection
of our hospitat antibiogram.

Rationale for Combination Therapy

There have been highly effective agents with narrow antimicro-
bial spectrum that have often been used in combination. Until re-
cenily, we have had effective drugs lo cover aerobic or anaerobic
florn but few that would cover both. For example, the aminogl-
yeosides are good agents [or coverage of the coliform organisms
but they do not cover Bacteroides species. This specificity is mo-
re obvious with agents that cover the Bacteroides but do not co-
ver the coliforms. Because of the triple risks of the febrile morbi-
dity, cellulitis and abscess of Gram-positive acrobic skin flora,
the endotoxic mortalily associated with Gram-negative aerobic
bacterin, and the abscessogenic potentialion of Gram-negative
anaerobie flora, surgeons had become polypharmacists in order to
give drug coverage specifically for each of these three risks. As
newer antimicrobial agents were developed with high effective-
ness, broad spectrum, and a low toxicity profile, they have gradu-
atly replaced the us¢ of combinations of single agents for cach of
these risks. "Triple therapy" had been reduced to the double the-
rapy of aminoglycoside and a single agent that might cover both
Bacteroides and the Gram-positive aerobes such as clindamycin,
and with further evolution monotherapy with a broad spectrum,
highly effective, and safe use of an agent such as imipenem in
nionotherapy has been replacing the "gold standard” of combina-
tion antimicrobial therapy for serious surgical scpsis,

Antibiotic Selection According to Risk Flora

Specific antibiotic selections can be made on the basis of the
highest probability of the flora causing the infection risk. Table 2
demonstrates the three principle risk flora groupings and the po-
tential agents that might be appropriate for each.

Choices for Gram-Pasitive Aerobes: Penicillin, onc of the first
highly effcctive antibiotics, remains an cxample of onc of the
best. This B-lactam is bactericidal, has relutively low toxicily, and
can even be injectled into such highly sensitive body cavitics as
the intra-thecal space or synovial joint linings. Such use of an an-
timicrobial could never be employed with an agent such as tet-
racyline because of its highly irrilaling properiics.

Penicillin can be given as the nalive compound, or il can be
modified so as to be resistant to penicillinase, in the synthesis of
such an agent as methicillin, Although this clever pharmacologic
maneuver has been effective against organisms that produce peni-
cillinase, the numcrous micrebes can outmancuver the slower
process of new drug development and they have countered with
methicillin-resistant staphylococci. For this unsolved problem,
vancomycin is an expensive agenl being applied in the absence of
more appropriaie allernatives, Penicillin can be further modified
to stretch its spectrum over some Gram-ncgative acrobes, such as
ampicillin, and il can be streiched still further to cover some of
the anacrobes, such as piperacillin and mezlocillin,

Cephalosporins are f-lactam antibiotic congeners of penicillin
#dding further range lo the organisms covered over the basic
Gram-positive acrobic coverage shared with penicillin. "First ge-
neration” cephalothin or cefazolin is enhanced in the "second pge-
neration” agenl such as cefoxitin, and still further medification
produces the broader spectrum "third generation” agents such as
ceftriaxone.

The cephalosporins share with penicillin a relatively good sa-
fety profile, although there may be allergenic reactions and cross
reactivity with penicillin in this sensitization. With the first gene-
ration affording good coverage of the Gram-positive aerobe, there
is often a loss of some activity against the Gram-positives in the
upscaling and broadening the flora coverage of the later generati-
cns. Although cephalosporing have been well used in prophyla-
xis, particularly in the first generalion, or in lesser indications Tor
the second, they are unaffordable in the third generation used as
prophylaxis; further, since most prophylaclic concern is with
Gram-positive aerobic skin flora coverage for clective operations,
the first generation would not only be less cxpensive but also su-
perior in ils skin flora coverage,

There may be high utility in precise therapy of some specific
infections such as pediatric meningitis or some hospital-acquired
pneumonia insiances, but T would see little or rare surgical indica-
tion for third generation cephalosporins. Since they are too expen-
sive for prophylaxis and not first line treatment drugs, the higher
generations would fit neither jndications for prophylaxis or pre-
sumptive monotherapy, and might well be limited to precise the-
rapy for which therc arc oflen more narrow spectrum specific
drugs competiing for such indication.

Gram-Negative Aerobes: Aminoglycosides are cffeclive, as
are some expanded B-lactams such as ampicillin for such micro-
bes as enterococci. There is a trend away from the use of ami-

4 Table 2. Choices of Antibiotics for Treatment of )

Maijor Flora

B-lactam
Penicillin
Cephalesporin

Macrolides

Aminoglycosides
Ampicillin
Clindarnycin
Cefoxitin
Charamphenicol

\_ Metronidazole J

Gram-Positive Aerobas

Gram-Negative Aerobes

Gram-Negative Anaerobes
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noglycosides despile their demonstrated efficacy 1o avoid their
well-known toxicily and substituticn of such agents as aztreonam.
However, there are some broader spectrum monothcrapy agenls
that have Gram-negative acrobic coverage of the coliforms witho-
ut the aminogiycoside toxicily that might be better candidates for
monothcrapy of presumplive surgical antibiosis.

Gram-Negulive Anaerobes: There arc scveral antibiotics that
cover the Bacteroides specics such as chloramphenicol, clin-
damycin, cefoxitin, metronidazole, and broader spectrum agenls
such as imipenem. Several of these agents have toxicity (hal wo-
uld limit their utility, and stilf others have such a narrow spectrum
s necessarily combining them with other agents. In some com-
munily-acquired polymicrobial inoculs, agents such ag the second
generation cephalosporin cefoxitin might be appropriale, but for
most hospilal-acquired inccula thal would include the Bacteroi-
dex specics in ihe enlire spectrum, either an agent such as imipe-
nem as monotherapy or combination therapy with antimicrobial
agents covering each of the three Nora risks should be employed.

Presumptive Treatment of Surgical Infection

Presumptive antibiotic treatment initiation is that therapy piven
in advance of the identification of the infecling microbial orga-
nisms. IT the microbial inoculum precedes the drug administrati-
of, lhere is #o prophyluxis indication (for example, no prophyla-
xis is initiated in (he recovery room ). For all such acquired in-
feclions or contamination that has already laken place such as tra-
uma or a primary discasc process that has caused a breach in the
containment of Nora conlained within the GI tract, presumptive
therapy is initiated on the basis of the highest risks associated
wilh the flora presumed (o be present. For a breach of the skin
barrier, that would most likely be Gram-posilive acrobic lNora,
and B-laclam antibiolic selection would be appropriate. If this oc-
currcd within a hospitl setting, it is presumed Lhal the flora resi-
dent there are selected for their resistance (0 the commonly used
aniibiotics, a modified penicillin such as nafeillin might be emp-
loyed (o circumvent penicillinase-producing Mora. For mest com-
munity-acquired inocula in trauma, a first generalion cephalospe-
tin might be appropriate for presumptive treatment initialed in
traunwt patients, unless they were al a high likelihood of additio-
nal anacrobic risk such as with penctration of the lower GI or GU
tracts. Celoxitin might be appropriate presumplive treatment for
community-acquired mixed flora, or piperacillin might be a se-
cond choice. For the hospital-acquired polymicrobial risk, cither
combination therapy, oflen employing aminoglycoside with an
antiznacrobic agent (for example, clindamycin/gentamicin) or
imipenem monotherapy would be appropriate, The cheice is par-
ticalarly critical in the polymicrobial inoculum in the hospital sei-
ting of the intensive citre unit in a patient who is immunocompro-
mised.

A primary concern is whether the combination antimicrobials
are assisting or actually impairing host defense thal ultimately
must control the sepsis with the assistance of surgical diversion of
the continuing inoculum. Such agenlts as chloramphenacol used in
combination with other agents might be effective against Bactero-
ides, bul might also impair the second line of host defense if the
dosage is pushed 1o higher levels or protracted. Additionally,
most commonly used surgical antibiotics are buclericidal rather
than bacteriostatic, and combinations of baclericidal and bacteri-
oslatic antibiolics may actually run interference on each other.

The Potential for Host Enhancement

Although some antibiolics in inappropriate dose or combinati-
on may impair the immuonocompetence of the hosl, some may ac-
tually be used o enhance it. For example, submicrobicidal doses
of aminoglycosides and some of the agents of the macrolide class
{for example, clindamycin) have actually been proven to enhance

phagocytosis. Less toxic antibiolics are efTective in organ preser-
valion, particularly if specific toxicity such as ncphroloxicity can
be avoided. At present, we do nol have u specific agent with
which lo cnhance host delense thal miphi nol cause gencralized
auloimmune disorders such as arthritis or trigger multiple organ
failure by generalized infllammalory responsc. But the judicious
use of antibiolics and earlicr scarch lor and drainage of localized
colleclions of purulence are "organ {unction sparing proccdures”
that may help the paticnt relurn to homcostalic balance. The gene-
ral host defense enhancement that is safc and widely applicable is
the support of nuirition such as with hyperalimentation.
Experimental use of biologic response modifiers will have to be
carefully studied for the potential risk that mighi come along with
the intended benelit of host enhancement.,

The mosl effective means of managing surgical sepsis arc alre-
ady well known rather than cxperimental. Tn the [irst instance,
since surgical operation is the mosl eifective method of control-
ling surgical sepsis, a ready and recurrent guestion in the Tailing
patient should he "where is the pus?” An aggressive and carly sc-
grch for and drainage of focal collections is enhanced wilh the 1i-
beralized use of noninvasive scanning methods, sometimes cxien-
ding them through percutancous draining techniques radiographi-
cally direcled. Antibiolic usage that is appropriatc might supperl
rather than impair the host, and should never inlerfere with the
primary surgical process such as through interference with clot-
ting or enhancing bleeding risk. The trend toward monotherapy is
not only for the sike of limiling toxicily apainst alternalive treat-
ment combinations it might also be proven cost-eficctive.

Conclusion

Today the treatment of surgical infection is well beyond the
"drug versus bug". The conceniration of the physician is on the
patient's contral of the sepsis and what can be done to enhance
this resistance. A surgical procedure is often employed to tip the
balance in favor of host resistance by diverting a continuing ino-
culum. Medical microbiology has helped in the identification ol
specific superinfections, but for most surgical infeclions the poly-
microbial inoculum is assumed and (reatment is initiated pre-
sumptively, covering the mujor [lora risks (o which the paticnt is
cxposcd. The futurc may bring further improvemenis in hosl de-
fense cohancement beyond the nutrition and general support that
can be presently {furnished, bul ontil a specific antimicrobial de-
fense enhancement is achieved, the clinician will seck to continue
to support that host resistance and al minimum not interfere with
it through drug toxicitics added to microbial invasion.

Addendum

Microbiology Laboratory Support in Clinical

Patient Care

Why shoutd we not leave it to the laboralory to tell us whether
we are irealing Lhe surgical infeclion appropriately? All that we
need Lo ask is a culture and sensitivity and if the sensitivity comes
back showing the drug is appropriate, we will continue to use it
If it is not appropriale we will stop. Well, what can (he laboratory
tell you? The laboratory can tell you that the drug is appropriate
by cultvre and sensilivity or that the drug is inappropriate by cul-
(ure and sensitivity. Wheo is lelling me what? The laboratory takes
a Petri dish and they sircak on il an isolate and then they put discs
that are permeated with anlibiolic on the agar and look for zones
of inhibition around those discs largely determined by difTusion
inlo the agar medium. In that Petri dish there is not one while cell
and there is not one globulin and there is not one cellular or hu-
moral mechanism of defense. So ihe faboratory setling is not
exacily like the situalion in the palicat.

Let me give you an example and ask if it has cver heppened to
you. } admil o the hospilal a paticnt who is very sick. The patient
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iooks seplic with low blood pressure and fever. | draw a cullure,
scnd it to the lsboralory and start antibiotic treatment. The next
day on rounds, I note that the paticnt's temperalure is down, he is
definitely looking belter and there is remarkable improvement.
He is not very catabolic any more, and I am really impressed with
this implied (herapeutic response. And then the lab calls up and
suys: “The drug you have given {o this patient is in no way app-
ropriate for the organism cultured”. Has thai ever happened to
you? How do you explain that 7 How cen you gel a therapeulic
cffcet out of a demonstrably inappropriate drug? Remember all it
tells you is what is going on in that Pelri dish. It docsn't suy a
thing aboul whether there might be enhanced defense of the host.
Even in that anlibiolic is doing nothing whatsocver against the
microorganism, it may have facililated host phagocylic defenses
or some other factors may have improved the cellular or humoral
host defense,

Monitoring Hospital Prescription Practices

in the Indications for Antibiotics

A more practical method of moniloring use of antibiotics in
hospitals has been devised and T give you the experience of onc
hospital particularly because 1 was involved in resisting it several
years ago. The hospital is the George Washinglon University Me-
dical Center. In that institution, I had an opporlunity lo observe
the policing of antibjotic use and I will show the order sheet with
its litle red nole and what it has meant Lo our prescription pracli-
ces. But just before 1 point with pride, 'l tell you that I fooght
this little red note all the way. I was the Chairman of the 1nfection
Control Committee when these restrictions were [irst proposed,
and I resisted.

We have all read articles that say something like "90% of anti-
biolics are inappropriately used; 50% of antibiolic reatments in
hospilal settings are without colture proof™.

If someone said lo me that 90% of what 1 do is inapproprialc, 1
would ask: "Who says, by what criteria, and for whal causc are
they trying to meke an improvement? " Here is 4 litlle red nole
that is trying to address that problem. What this nolc says is we
don't know why these drugs are being used, so why don't we find
out? To find oul, let's make a recording of the indication, a neces-
sary condition for getling the drug. Se thiz litlle red noic says:
“All initial orders for antibiotics must include the reason or indi-
caiion for administration™, What does that mean? T means that
anfibiotics are now a speciul class of drugs. I don't have lo write
down "Morphine 15 mg 5.q." for pain. [ writc "Morphine". I'm
not going to tell my nurse that this is a suggestion sheet, This is
an order sheet.

If T writc down "Digoxin 0.1 mg", the pharmacy will fill iL. I
don't have to say "For congestive heart failure”. Il give digoxin
whenever 1 think it's indicaled. If T write down “Keftin T g" the

pharmacist won't M1l il. He nceds a cause, an indication, You
know as well as 1 do that you don't like the hassle of a phone call
in the middic of the night, asking why you wrote this. So you
must wrile down somcthing, anything. I am going 1o wrile down
"Keflin 1 g for hernia”, and the pharmacist will £l it

But then the next day, the utilizalion reviewer will come (o me
and say "Tell me Doctor, what literature can you cite, whal perso-
nal expericnce do you have, or lor what reason do you think this
drug is useful for this indication?”. So you don't want o look fo-
olish, For example, il you are going 1o be dealing with a Gram-
posilive skin flora, you are probably going to use something that
is Gram-positive in its activity, Now, that was good enough for
some of the commitlee and that is the reason why other people
are pushing this for the ulilizalion review of our antibiolic practi-
ces. 1 disagreed. 1 said: "Look, these are licensed drugs and we
are licensed physicians. We arc not going to have lo wrile down
indicaiions so you cun lcll us later what works or not”.

Now, lel me tell you what has happened afler the ruling was
passed over my objection; I can (ell you the result ol this very
proudly because 1 had nothing positive to do with it. What il im-
mediately did is to change our prescription praclices in a very im-
poriznt way which I didn't forcsee. Belore this litle red note, the
single leading indication for discontinuing any anfibiolic in the
hospital was the discharge of the patienl. You can piciure the nur-
se running out in the parking lot, trying to get that last dose of
prophyloxis in 15 days afler it was slarted! You know thal pracii-
ce represenis pure cost and purc texicily and ne benefit. So if ]
write down: "Give celazolin 1g for prevention of conlamination
from blunt colon injury”, the pharmacist will fill it, but at 24 ho-
urs, he won't {1l it anymore, because there is no prophylactic in-
dication at 24 hours. Now [ will have to write down: "For treat-
ment of”.

When I say "wreatment”, I must show a cause: a while count, fe-
ver, chest X-ray, urinalysis, culture, sensitivity, Gram slain, in or-
der to give a drug for trextment indications, and we have alrcady
established earlier (hat we are not going (o give the same drug in
the same dose for the same purpase or both prophylaxis and tre-
aiment. So this did change our prescription practices in lerms of
antibiotics.

This is onc small administrative way in which monitoring anti-
biotics can be done, and again 1 repeat that I was against il origi-
nally. Something cmerging lo cxiend this control is a separalc an-
tibiotic sheel.

This sheot would require the cultures or other requisite infor-
mation for treatment be entered into the order sheet itself. I may
still have reservations on the extension of these controls on physi-
ciung' practice, rather than using cducational objectives, but the
success in modilying prescription writing behavior s encoura-
ging their wider use,



