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Development of an Antibiotic Spectrum Score Based on
Veterans Affairs Culture and Susceptibility Data for the
Purpose of Measuring Antibiotic De-Escalation:

A Modified Delphi Approach

Karl Madaras-Kelly, PharmD, MPH;"* Makoto Jones, MD, MS;’ Richard Remington, MS;"*
Nicole Hill, PhD;’> Benedikt Huttner, MD;>* Matthew Samore, MD’

OBJECTIVE. Development of a numerical score to measure the microbial spectrum of antibiotic regimens (spectrum score) and method
to identify antibiotic de-escalation events based on application of the score.

Web-based modified Delphi method.

Physician and pharmacist antimicrobial stewards practicing in the United States recruited through infectious diseases—

DESIGN.

PARTICIPANTS.
focused listservs.

METHODS. Three Delphi rounds investigated: organisms and antibiotics to include in the spectrum score, operationalization of rules for
the score, and de-escalation measurement. A 4-point ordinal scale was used to score antibiotic susceptibility for organism-antibiotic domain
pairs. Antibiotic regimen scores, which represented combined activity of antibiotics in a regimen across all organism domains, were used
to compare antibiotic spectrum administered early (day 2) and later (day 4) in therapy. Changes in spectrum score were calculated and
compared with Delphi participants’ judgments on de-escalation with 20 antibiotic regimen vignettes and with non-Delphi steward judgments

on de-escalation of 300 pneumonia regimen vignettes. Method sensitivity and specificity to predict expert de-escalation status were calculated.
RESULTS. Twenty-four participants completed all Delphi rounds. Expert support for concepts utilized in metric development was identified.
For vignettes presented in the Delphi, the sign of change in score correctly classified de-escalation in all vignettes except those involving

substitution of oral antibiotics. The sensitivity and specificity of the method to identify de-escalation events as judged by non-Delphi
stewards were 86.3% and 96.0%, respectively.

coNcLUsIONs. Identification of de-escalation events based on an algorithm that measures microbial spectrum of antibiotic regimens
generally agreed with steward judgments of de-escalation status.
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Antibiotic de-escalation has been proposed as a key com-
ponent of antibiotic stewardship.' De-escalation generally re-
fers to a reduction in the spectrum of administered antibiotics
through the discontinuation of antibiotics providing activity
against nonpathogenic organisms, discontinuation of anti-
biotics with similar activity, or switching to more targeted
therapy once a patient is clinically stable.'” De-escalation may
also include stopping antibiotics altogether, on the basis of
clinical criteria and negative culture results, or switching an-
tibiotics from intravenous to oral routes.*” De-escalation has
been defined and measured subjectively on the basis of in-
dividual opinions of what constitutes de-escalation or on the

basis of objective but incomplete measures (eg, a reduction
in the number of antibiotics administered).**™" A funda-
mental problem is that conceptually, antibiotic spectrum re-
mains poorly defined. Further, the ability to compare rates
of antibiotic de-escalation between facilities is limited by a
lack of standard objective measurement criteria.

We speculated that a numerical score based on an antibiotic
regimen’s degree of microbial activity might be useful. Fur-
ther, if antibiotic scores are calculated for each antibiotic
administered during each day of therapy, a daily antibiotic
regimen spectrum score could be calculated. Finally, we hy-
pothesized that de-escalation could be measured by com-
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A.

Clinically Relevant Species or Organism Group Level of Microbial Susceptibility

Species or Organism Group A Value A
Species or Organism Group B Value B
Species or Organism Group C Value C
Species or Organism Group D Value D
Species or Organism Group, etc. Value, etc.

Antibiotic Spectrum Score Sum of values

B.

Hospitalization
A:t(i)githei/cs Day 1 Day 2 Day 3 Day 4 Day 5
Administered

Ceftriaxone Ctx score

Azithromycin Az score Az score Az score

Vancomycin Vm score Vm score

Imipenem Imp score Imp score Imp score Imp score
Daily Summary CtxtAz Az+Vm+lmp Az+Vm+Imp  Imp score Imp score
Spectrum Score score score score

FIGURE 1. Concept of spectrum score for purpose of measuring antibiotic de-escalation. A, Hypothetical metric for calculating a spectrum
score for an individual antibiotic. Clinically relevant species may refer to an organism such as Escherichia coli, whereas an organism group
might refer to Enterobacteriaceae. B, Hypothetical application of a spectrum score to measure antibiotic de-escalation based on antibiotic
regimen spectrum at different time points during antibiotic treatment. Patients frequently receive multiple antibiotics during a single hospital
admission. Theoretically, a reduction in the daily summary spectrum score on hospital day 3 or 4 after diagnostic tests and clinical response

are assessed might be used to signify de-escalation. Az, azithromycin; Ctx, ceftriaxone; Imp, imipenem; Vm, vancomycin.

paring spectrum scores early and later in treatment. (Figure
1).

Study aims include (1) developing a numerical spectrum
score to compare the spectrum of antibiotic activity between
treatment regimens and (2) defining de-escalation according
to criteria that utilize the scoring metric. A long-term research
aim is to construct an algorithm that can be applied to elec-
tronic medical records to measure facility-level de-escalation
rates in patients with healthcare-associated pneumonia
(HCAP).

METHODS

Between May 2012 and February 2013, experts in the field
of antibiotic stewardship practicing in the United States par-
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ticipated in 3 rounds of a web-based modified Delphi method
to aid in development of an antibiotic spectrum scoring met-
ric and rules for application to identify de-escalation events.
In the absence of evidence-based criteria to accomplish study
aims, Delphi methods were used to guide decision making
in development and application of the metric. This research
complies with all federal guidelines and Veterans Affairs (VA)
policies relative to human subjects and research.

Initially, we reviewed literature and established likely con-
cepts of interest for exploration in the modified Delphi. Con-
tent domains were identified from which Delphi questions
were created: (1) organisms and antibiotics to include in the
spectrum score, (2) operationalization of rules for the score
(ie, metric scoring and management of duplicate coverage in
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TABLE 1.
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Summary of Prototype Spectrum Score Method Determinations

Element Approach

Comments

Selection of organisms and
antibiotics for spectrum
score inclusion

Criteria for inclusion of organisms and an-
tibiotics in the spectrum score included
those where a majority of participants
indicated a positive response for inclu-
sion in the score (more than 50% partic-
ipant agreement, with Likert ratings of
5-7). Bacteroides spp., aminopenicillins,
and first-generation cephalosporins were
also included at the investigators
discretion.

Population of spectrum
score with antibiogram
data

To assign microbial spectrum to antibiotics,
National VA susceptibility data (2008—
2012) for organisms and antibiotics in-
cluded in the spectrum score were re-
trieved from the VA Corporate Data
Warehouse. Percent susceptibility was
calculated for individual antibiotic-
organism pairs for each cell in the spec-
trum score.

Assignment of spectrum
score values without suffi-
cient susceptibility data

Susceptibility data were reviewed in the
context of CLSI recommendations and
modified accordingly. Classification of
NIA and assignment of values to organ-
ism-antibiotic pairs needing further con-
firmation of susceptibility results in-
volved a combination of methods.

Final spectrum score included 14 organism domains (19 species) and 10
antibiotic domains (27 antibiotics). Organisms (% agreement for in-
clusion): Staphylococcus aureus (100), Pseudomonas aeruginosa (100),
Klebsiella spp. (100). Escherichia coli (100), Enterobacter spp. (100),
Streptococcus pneumonia (92), Serratia spp. (88), Proteus spp. (80),
Acinetobacter spp. (80), Haemophilus influenzae (68), Enterococcus fae-
calis (68), Citrobacter spp. (68), Enterococcus faecium (68), Stenotro-
phomonas maltophilia (60), Legionella spp. (56), Providencia spp. (52),
Morganella spp. (52), gram-negative anaerobes (Bactreroides spp.; 48).
Antibiotics (% agreement for inclusion): vancomycin (100), piperacil-
lin/tazobactam (100), cefepime/ceftazidime (100), levofloxacin (100),
moxifloxacin (96), ceftriaxone/cefotaxime (100), ciprofloxacin (96),
imipinem/meropenem (96), linezolid (96), ertapenem (96), aztreonam
(92%), colsitin/polymyxin B (92), amikacin (84), tigecycline (84), am-
picillin/sulbactam and amoxicillin/clavulanate (80), daptomycin (76),
clindamycin (68), cefpodoxime/cefdinir (68), azithromycin/clarithro-
mycin (60), metronidazole (60), trimethoprim/sulfamethoxazole (56),
tetracyclines (56), ticarcillin/clavulanate (56), cefuroxime (52), nafcil-
lin/oxacillin (52), ampicillin/amoxicillin (48), cefazolin/cephalexin
(48).

Data were available in qualitative values (sensitive/intermediate/resistant)
and included antibiotics with testing performed but suppressed be-
cause of tiered reporting criteria. For antibiotic domains with more
than 1 antibiotic (ie, ceftriaxone, cefotaxime), susceptibility results
were reviewed individually and then combined if similar results were
observed (*10% agreement). Otherwise, individual antibiotic results
were reported. A minimum of 50 results per antibiotic-organism pair
was desired to attain less than 10% precision for percent susceptibil-
ity. Percent susceptibility was scored by quintile on a 4-point ordinal
scale (0, lowest susceptibility; 4, highest susceptibility).

For example, the susceptibility of S. aureus to oxacillin was used to pop-
ulate the susceptibility values for all 3-lactams with staphylococcal ac-
tivity, irrespective of reported results for this antibiotic. Organism-
antibiotic pairs without susceptibility methods but with suppressed
susceptibility results were handled on a case-by-case basis. CLSI docu-
ments provided estimates of microbial activity or NIA in some cases.
Product labeling was used if it indicated that the antibiotic possessed
NIA or, in some cases, if in vitro activity against more than 90% of
isolates for a species was reported. Assignment of values for organ-
ism-antibiotic pairs for cases without sufficient VA susceptibility data
was performed independently by 2 investigators (K.M.-K., B.H.), with
adjudication of discrepancies by a third investigator (M.].).

NOTE.

combination therapy), and (3) application then subsequent
assessment of a prototype spectrum score method. Questions
were tested by 2 nonparticipant, nonresearch infectious dis-
eases clinicians prior to dissemination to the Delphi panel
for intent and clarity.

Delphi panelists were recruited through a call for partic-
ipants to members of listservs: Society for Healthcare Epi-
demiology of America Research Network, Society of Infec-
tious Diseases Pharmacists, VA Society of Practitioners of
Infectious Disease, and Northwestern Antimicrobial Stew-
ardship Physicians’ Network. Interested respondents com-
pleted a screening survey regarding length of practice expe-
rience, postgraduate training, board certification, practice
setting, and antimicrobial stewardship program participation.
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CLS]J, Clinical Laboratory Standards Institute; NIA, no intrinsic activity; VA, Veterans Affairs.

Respondents were invited to participate if they met the min-
imum prespecified criteria (postgraduate training or board
certification, evidence of antimicrobial stewardship program
participation, more than 2 years’ experience) and blocking
requirements; the latter was used to ensure diversity across
occupation (PharmD or MD), geographic region, and VA
affiliation.

Each Delphi round was delivered through online survey
software (Survey Monkey). Periodic e-mail reminders were
sent to maximize the response rate. Results were aggregated
and analyzed after each round. Prior to each new round, data
summary reports were provided to participants that described
their individual and aggregated group responses on survey
items. Qualitative assessment of text-based responses for
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TABLE 2. Characteristics of Modified Delphi Method Participants

Screening  Round 1  Round 2 Round 3

Participant description (n=123) (n=41) (n=33) (n=24)
Type of professional degree
Physician 40.7 48.8 48.5 40.0
Pharmacist 59.3 51.2 51.5 60.0
Additional graduate degree 13.8 17.1 18.0 24.0
Current ABM board certifications (MD)
1D 98.0 100.0 100.0 100.0
Training in ID (PharmD)
BCPS-AQID 20.3 14.3 17.6 13.3
PGY2 42.0 57.1 58.9 60.0
Accredited fellowship 7.2 9.5 0.0 0.0
PGY1 72.5 66.7 70.6 53.3
Other postgraduate ID training® 33.3 19.0 17.6 13.3
Hospital practice setting
Community 32.5 17.1 24.2 24.0
Public or government 7.3 4.9 3.0 0.0
University 40.7 39.0 39.4 52.0
Veterans Affairs 17.9 29.3 30.3 32.0
Rehab or chronic care 3.3 2.4 3.0 0.0
Teaching 42.3 41.0 48.5 44.0
Bed size of practice setting
<100 3.3 7.3 9.1 12.0
>100-250 17.9 19.0 18.2 12.0
>250-500 32.5 17.1 15.2 16.0
>500-1,000 40.7 48.8 51.5 52.0
>1,000 5.7 4.9 6.1 8.0
Years in practice
<2 4.9 0.0 0.0 0.0
2-5 26.0 26.8 27.3 28.0
5-10 17.9 17.1 18.2 24.0
10-15 16.3 14.6 15.2 12.0
15-20 8.1 9.5 9.1 8.0
>20 26.8 29.0 30.3 28.0
US region
Midwest 27.8 26.8 23.5 28.0
Northeast 38.3 37.5 36.4 24.0
Southeast 19.1 14.6 18.2 24.0
West 14.0 19.5 21.2 24.0
Sex
Female 48.0 41.5 32.3 12.0
Male 52.0 58.5 66.7 88.0
Antibiotic stewardship and de-escalation
De-escalation decision maker when initiating antibiotic therapy 55.3 61.0 60.6 48.0
Consultation, mentoring, job responsibility related to others performing
de-escalation 91.9 90.0 97.0 96.0
Member of antibiotic stewardship team 88.6 95.0 100 96.0
Developing policies related to antibiotic stewardship 90.2 92.7 97.0 96.0
Antibiotic stewardship research 65.0 82.9 90.9 88.0

NOTE. Data are % of participants. BCPS-AQID, board-certified pharmacotherapy specialist with added qualifications in infectious diseases;
ID, infectious diseases; MD, medical doctor; PGY1, completed general residency; PGY2, completed specialty residency in infectious diseases
or related discipline.
* Completed Society of Infectious Diseases Pharmacists or Making a Difference in Infectious Diseases Pharmacotherapy or other ID
certificate programs.

1106

https://doi.org/10.1086/677633 Published online by Cambridge University Press


https://doi.org/10.1086/677633

‘¢ punoI ur snsuasuod 0} 7 punol Ul SNSussuod Iesu 0} |

PUNOI UT SNSUISUOD OU WO PYIYS 3} YIIM JUNSISUOD Sem SIY) pue (87" = J ‘17’0 = ¥) ¢ pue g spunoi Jurredwod 10y 10 (£0° = 4 ‘G¢'0 = ¥) ¢ pue [ spunoi Surredwos 10y jueoyrudis jou sem ¥ parydom suayo) ,

(100" > d) €9°0 03 (81" = d) LT'0 Woxy paseandul

3 ‘SSQU[T JO AJIIADS [BNIUT 10 *(€0° = ) L£°0 03 (1" = ) T€'0 WOIJ PIseaIdur ¥ ‘$oNOIquUue Jo IOy [eniul 104 ‘g pue T spunor Surredwod 10y ¥ uey) 1931e[ sem ¢ pue g spunol urredwod 10 ¥ pajySom s uayo) ,
'€ PUNOI UI PIPN[OUL 10U SEM W) Y} PUB T PUNOI UL WA SIY} U0 snsuasuod juedonied sem adyg,

‘Parqel sem wnﬁmwhﬁ—& Teuy a3 .w—UE—AOH S§soIde mmMENLu [fews pey ﬂOﬁme@ € Jo wzmmm:‘—& A} 2I9gMm sased Uf

"UOTIBIASP PIBPUE)S ‘(]S SUONBLIEA JO JUIIIYJP0D ‘AD  'HLON

(%8) smoy

‘opeuwt
P
3 SUOTSIDIP UONE[EISI-IP d1oIquue uaym dwm) o) sapnpaid nq Aderory reorndwo entut

$7 Uey) $S3] pue (98) SINOY 7L (%L1) SO0y 8% (%£9) SINOY $T €TqT saquaned e sarmydes ey uonensmurwpe snorquue [enrur oye surn fewndo Yy 199[3s Ised[q
(%SL)
SSOUJL JO AILI2ADS [ENIUT PUE ,*(0576) SONOIQUUE JO 10U [enrut
(9%88) stsouSerp snonodjur (%¥8) Lureirsd onsouderp (%L6) -ojerrdordde st uoneressa-ap
s1nsa1 Aiqndadsns ((94¥6) SHNSAI [2130[01QOIDIU 10] SNSUISUO) € ‘T 1 dNOoIqNUE UdYM dPIdAP 0] PIPaIdu BLIAILID [BTUID JO SWId) UT SWI)I SUIMO[[O] ) 91098 sed[d
910ds wn1oads ay) jo uonesrjdde :¢ urewoq
*2100s wmndads )
doaaap 01 pasn aq pnoys uoruido jo snsuasuod pue ‘wrnjesa)| paysiqnd uo paseq safni
10 S0 L9 00T O T 112dx5 Jo uonean ‘eyep werdorquue d[qe[reae jo asn Jurpnpurl saydeoidde jo uoneurquod y
70 Tl 6§ € v “Kimanoe Jo wnndads onoiquue auyap 03 pasn aq pnoys ejep weidoiquue dysoduro)
*210ds wn1oads aysodwod Arep sjuoned e Sunemored uoym
70 €1 LS 99 ¢ 717 ueyodurr aq im urewop wnoads e urgim swistuedio jo aeraaod edrdnp 10y Sununodxy
“AyAanIsuds Jo 92139p oY) uo st wnadads o) s1ySrom
JBY) 9INSLIW [BUIPIO UB UBY) 19139 ST ONOIqNUE UE 0) JANISUIS JOU IO JANISUIS A[[ensn
0 61 8¢ 87 8¢ v ST saads [e112108q B IOYIOYM JO P[OYSIIY) B UO PIseq SIZIUIOJOYDIP JeY) JINSLIU [BUIOU Y
91055 wnxoads a1 Jo spadse [euonerado gz urewoq
(%L9) uwBIWE (96£9) il
-X©]0J9D/QUOXBLIPID (94T2) uAwoldep ‘(941/) Weuoanze (9S/)
upuadelId (954G/) UIIBXOPIXOW (006.) dUIPA2981) (06¢8) PIOZ
-oul] ‘(9%¢g) uexopjoidd ‘(9588) UIDBXOJOAI] (0%76) UDAWOIUBA
“(%001) wouadrrop/wousdorow/wauadrwt (0600T) JUWIPIZed *AJ1Ano® TerIR)ORqNUE WNIDAdS o) 2INseaur o)
Jowrdajad «(95001) wreoeqoze)/uroeradid :uorsnpur 10§ snsuasuo)) ¢ ‘¢ 21005 wnmoads e ur uoisnoul 10j dduerodw Jo sura) ur saynorquue SUIMO[[O) YY) )T Ised[d
(%12) *dds 4opvqgosanug (%6L)
aviuownaud sn220203da11g (9%96) 102 “q (%96) “dds vjjarsqary *Aj1anoe [eraldeqnUe wninoads oY) aInseaw o) 21098
“(%001) sna4nv °S (%001) YSouLdniap J :UOISNOUI I0J SNSUISUOD) ¢ ‘¢ wnipads e ur uotsnpur 10y dduelIodwr Jo SULd) Ul SWSTURSI00I0TW JUTMO[[O] ) BT SB[
*2100s wnnoads a1y Sunemnores ur JySom 1oySiy e 2)ed1pur sanjea I95Ie[ searaym
(%08) vsouidniov g 10§ 0'7—SL'T (%89) “dds vjjarsqapy pue ‘paridde aq pnoys JySom wnwIrUIW pIepue)s dy) Jey) sAeIPUl (0’ SUDIBIA "21008 WInI)
“(%zL) wnwavf snodosaaug (%9L) 107 *J (%08) “dds a1vq0; -53ds o) Ul suteWOp WISTULSIO I9YIO0 [[ O} JATIR[AI DUR)SISAIT JO JUIWAO[AIP 3 10§ [en
-uY (%08) snainv sn22020jAydvis 10} 06 1-6Z'T IYSoM SnsSuasuo) ¢ -uarod ydry yim swistuedioomnw o) uaAld 3q pnoys ey 1ySom Jo 22139p Y} I9PISUOD SB[
*j1An0® Jo wmnI)
-2ads sonorquue ue SuLmseaw uaym JyStom 1aySry usAId aq pnoys (vsourdn.iov spuouiop
10 60 €9 88 0 71 -nasq “39) sonoiqnue Auewr 0) 2oue)SISAI Jo Judwdopadp oy 10y renuajod ySiy ym suaSoyieg
“Ay1anoe jo wnndads
sonorquue ue aamseaw o) juelrodur are (1eq aaneSau-urerd aanisod-aseprxo 99) err
70 T 9 08 T 1 -9198q JO suonedsyIsse 1apeoiq o) pasoddo se (1702 viyLaydsg 39) TUIWINSLIW [9AJ]-SA1dG
21005 wnoads a1 Jo syuduodwod dnoIqrue pue swstuedio ;] urewoq
SNSUISUOD) AD dS UBdN UBIPIN /-9 ¢—1 Ppunor ,uonsang)
ydpq
0% 91008
HAIT
110ddng snsuasuor) M 3s919u] Jo s1daduo)) 100§ wnnoadg € AT4VL

1107

https://doi.org/10.1086/677633 Published online by Cambridge University Press


https://doi.org/10.1086/677633

Step 1: Popul ptibility per: g i for or
domains.*

Step 2: Convert susceptibility values to ordinal scale.”

Vancomycin

Vancomycin

Organism Domain Vancomycin Imipenem plus Imipenem® Organism Domain Vancomycin Imipenem plus Imipenem
Staphylococcus aureus 99.3 51.2 99.6 Staphylococcus aureus 4 2 4
St I :
Enterococcus faecium 18.4 12.6 28.7 Enterococcus faecium 0 0 1
Enterococcus faecalis 94.7 88.6 99.4 Enterococcus faecalis 4 4 4
Escherichia coli NA 98.9 98.9 Escherichia coli 0 4 4
Klebsiella spp. NA 95.6 95.6 Klebsiella spp. 0 4 4
Other enterobacteriaceae® NA 96.7 96.7 Other enterobacteriaceae® 0 4 4
Pseudomonas aeruginosa NA 79.6 79.6 Pseudomonas aeruginosa 0 3 3
Acinetobacter spp. NA 63.5 63.5 Acinetobacter spp. 0 3 3
Stenotropomonas spp. NA NA NA Stenotropomonas spp. 0 0 0
Haemophilus influenzae NA 100 100 Haemophilus influenzae 0 4 4
Bacteroides spp. NA 97.5 97.5 Bacteroides spp. 0 4 4
Legionella spp. NA NA NA Legionella spp. 0 0 0
Mycoplasma spp. NA NA NA Mycoplasma spp. 0 0 0

Step 3: Weight antibiotic susceptibility for coverage against intrinsically
resistant organisms.”

Step 4: Sum organism domain scores to create antibiotic regimen
spectrum score.

Organism Domain Vancomycin Imipenem pl\ll.linlcn::;t);gr‘n Organism Domain Vancomycin Imipenem p?{x:nlcrglr;gr?s;
Staphylococcus aureus 5 25 5 Staphylococcus aureus 5 25 5
S s : s f :
Enterococcus faecium 0 0 1.25 Enterococcus faecium 0 0 1.25
Enterococcus faecalis 4 4 4 Enterococcus faecalis 4 4 4
Escherichia coli 0 5 5 Escherichia coli 0 5 5
Klebsiella spp. 0 5 5 Klebsiella spp. 0 5 5
Other enterobacteriaceae® 0 4 4 Other enterobacteriaceae® 0 4 4
Pseudomonas aeruginosa 0 5.25 525 Pseudomonas aeruginosa 0 525 5.25
Acinetobacter spp. 0 3.75 3.75 Acinetobacter spp. 0 3.75 3.75
Stenotropomonas spp. 0 0 0 Stenotropomonas spp. 0 0 0
Haemophilus influenzae 0 4 4 Haemophilus influenzae 0 4 4
Bacteroides spp. 0 4 4 Bacteroides spp. 0 4 4
Legionella spp. 0 0 0 Legionella spp. 0 0 0
Mycoplasma spp. 0 0 0 Mycoplasma spp. 0 0 0

Spectrum Score 13 41.5 45.25

FIGURE 2. Example of spectrum score calculation for individual and combination antibiotic regimens. A, Values populated with national
Veterans Affairs susceptibility data wherever possible (50 isolates or more) supplemented with Clinical Laboratory Standards Institute testing
and reporting criteria, current product labeling, and primary literature. B, Susceptibility estimates for combination obtained by calculating
the unconditional proportion susceptible for each antibiotic in the regimen, and the product of these proportions was subtracted from 1
to obtain the probability that an organism was susceptible to the regimen. C, Other Enterobacteriaceae included Citrobacter spp., Enterobacter
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common themes was conducted independently by 2 inves-
tigators (K.M.-K., N.H.) between rounds and then compared
and discussed. Common findings were evaluated and incor-
porated into questions in subsequent rounds to add clarity
or to pursue an unexpected line of reasoning.

An analysis of survey responses was performed between
rounds and upon completion of the Delphi. After each round,
percentages of agreement, measures of central tendency, and
dispersion were computed for all items. If 65% or greater of
participants selected 6 or 7 on the 7-point Likert scale, then
the item was deemed to have attained consensus. Likewise,
if 65% or greater of participants scored an item as 1 or 2,
the item was deemed to have attained negative consensus.
Questions exhibiting minimal movement in measures of cen-
tral tendency after 2 rounds were removed from the final
round to allow for collection of opinion on additional con-
tent."” Similarly, most items attaining stable consensus were
also removed. Questions presented in all rounds were eval-
uated to determine whether wording changes were similar
enough to compare across rounds; then, weighted analyses
of Cohen’s k were conducted to assess reliability between
rounds as indicated.

Spectrum Score Development

Based on input from the first 2 Delphi rounds, a prototype
procedure was developed to calculate spectrum scores (Table
1). To ensure that sufficient numbers of organisms were in-
cluded in the spectrum score that would allow for differen-
tiation between narrow and broad antimicrobial coverage of
regimens, an organism was selected for inclusion if the ma-
jority of participants favored its use in the score (greater than
50% participant agreement, with Likert ratings of 5-7). A
similar approach was taken with assessment for inclusion of
antibiotics. The final spectrum score included 14 organism
domains (19 species) and 10 antibiotic domains (27
antibiotics)

National VA susceptibility data (2008—-2012) for organisms
and antibiotics included in the spectrum score were used to
estimate microbial spectrum wherever possible. Percent sus-
ceptibility was calculated for individual antibiotic-organism
pairs for each organism domain utilizing 1 isolate per patient
per year. References used to assign spectrum score values in
the absence of satisfactory VA susceptibility data included
Clinical Laboratory Standards Institute testing and reporting
rules (M100-S22; M076-A9), current antibiotic product la-
beling, primary literature, and (in the absence of suitable
references; ~3% of organism-antibiotic pairs) investigator
opinion.

SPECTRUM SCORE TO MEASURE DE-ESCALATION 1109

Spectrum score values were converted into quintiles rang-
ing from 0 points for susceptibilities less than 20% to 4 points
for susceptibility of 80% or greater. To adjust for antibiotic
coverage against intrinsically resistant organisms, a weight of
1.25 was applied to spectrum score values for Staphylococcus
aureus, Escherichia coli, Klebsiella spp., Acinetobacter spp., and
Enterococcus faecium, and a weight of 1.75 was applied to
spectrum score values for Pseudomonas aeruginosa. The do-
main for each organism’s weighted score was then summed
to create a spectrum score for each antibiotic.

To penalize duplicative coverage in combination therapy,
we assumed that the probability of being susceptible to 1
antibiotic was independent of every other. Therefore, the
probability of a species being susceptible to 1 or more an-
tibiotics in the regimen equaled 1 minus the probability of
being resistant to all antibiotics in the regimen. The uncon-
ditional proportion susceptible for each antibiotic in the reg-
imen was calculated, and the product of these proportions
was subtracted from 1 to obtain the probability that an or-
ganism was susceptible to the regimen. Spectrum scores for
organism-antibiotic regimen pairs were then computed in an
identical manner as individual antibiotics described above.

The prototype method was compared with Delphi partic-
ipants’ judgments on de-escalation with a series of 20 anti-
biotic regimen vignettes created for the final Delphi round.
Each vignette described daily antibiotic regimens both early
and later during treatment. Antibiotic regimens with implic-
itly similar spectra were created. Participants were asked to
rank each case on a 7-point Likert scale: de-escalation (greater
than 4), no meaningful change in therapy (4), or escalation
(less than 4). Spectrum scores were calculated for early and
late therapy regimens, and the late therapy score was sub-
tracted from the early therapy score, resulting in calculation
of a change in spectrum score between regimens. Correlation
between change in spectrum score and mean Likert scores
was estimated with Pearson’s correlation coefficient. To sum-
marize test characteristics, the sensitivity and specificity of
the sign of change in spectrum score to predict expert de-
escalation status (ie, gold standard) were calculated.

To further evaluate reliability of the spectrum score method
to measure de-escalation, 300 vignettes were created on the
basis of antibiotic regimen data obtained for hospitalization
days 2 and 4 from a random sample of 14,000 veterans meet-
ing criteria for HCAP, a disease for which both broad-spec-
trum empirical antibiotic therapy and de-escalation are rec-
ommended." Three antimicrobial stewards who were not
Delphi participants and who were unfamiliar with the spec-
trum score ranked vignettes using the same 7-point Likert

spp., Morganella spp., Proteus spp., Providencia spp., and Serratia spp. D, Ordinal values: 0, no intrinsic bacterial activity or susceptibility
20% or less; 1, greater than 20% but less than 40%; 2, 40% or greater but less than 60%; 3, 60% or greater but less than 80%; 4, 80% or
greater. E, A weight of 1.25 was applied to ordinal domain values for Staphylococcus aureus, Escherichia coli, Klebsiella spp., Acinetobacter
spp.» and Enterococcus faecium, and a weight of 1.75 was applied to spectrum score values for Pseudomonas aeruginosa.
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TABLE 4. Prototype Spectrum Score Values for Individual Anti-
biotic Regimens

Antibiotic group Spectrum score

Aminoglycosides

Amikacin 35.50

Gentamicin, tobramycin 35.50
B-lactamase inhibitors

Ampicillin/sulbactam, amoxicillin/clavulanate 29.50

Piperacillin/tazobactam 42.25

Ticarcillin/clavulanate 40.50
Carbapenems

Ertapenem 30.25

Imipenem, meropenem 41.50
Cephalosporins

Cefazolin, cephalexin 19.25

Cefuroxime 23.50

Ceftriaxone, cefotaxime 25.25

Ceftazidime/cefepime 33.25

Ceftaroline 26.00
Fluoroquinolones

Ciprofloxacin, levofloxacin 39.75

Moxifloxacin 36.25
Glycopeptides/lipopeptides

Vancomycin 13.00

Daptomycin 14.25
Macrolides/lincosamides

Azithromycin, clarithromycin 12.25

Clindamycin 10.75
Penicillins

Ampicillin, amoxicillin 13.50

Nafcillin, oxacillin 4.25
Tetracyclines

Tetracycline, doxycycline 38.75

Tigecycline 49.75
Miscellaneous

Aztreonam 21.50

Colistin, polymyxin B 34.00

Linezolid 18.00

Metronidazole 4.00

Trimethoprim/sulfamethoxazole 33.50

NOTE. Maximal theoretical score for any antibiotic regimen in 60.

scale described above. Spectrum scores were determined for
vignette antibiotic regimens, and the method was compared
with expert opinion, as previously described.

RESULTS

One hundred and twenty-three individuals completed the
screening survey, and 55 of those were sent invitations to
participate in the Delphi process. Forty-one invited partici-
pants completed the initial Delphi round, 33 continued to
complete round 2, and 24 participants completed all 3 rounds
of the study (Table 2)

Expert support for concepts utilized in development of the
spectrum score method was identified (Table 3). In domain
1, consensus was established for inclusion of 6 organisms and
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14 antibiotics in the spectrum score. Consensus also indicated
agreement for assigning higher weight to coverage of organ-
isms that were intrinsically multidrug resistant, particularly
P. aeruginosa. In domain 2, consensus was identified for use
of semiquantitative scores to calculate microbial activity over
an all-or-nothing determination of susceptibility. Participants
also indicated that accounting for duplicate coverage of or-
ganisms was important when calculating an antibiotic regi-
men’s spectrum score and that this should be informed by
antibiogram data. Domain 3 questions sought to determine
which clinical criteria were important when evaluating
whether de-escalation is appropriate for consideration in the
context of future model development for adjustment of de-
escalation rates across facilities. Experts identified microbi-
ology and susceptibility results, diagnostic certainty, infec-
tious diagnosis, initial antibiotic selection, and severity of
illness as important elements. The remaining questions
sought to determine the optimal time to measure spectrum
scores during hospitalization to calculate de-escalation rates.
Participants indicated that the optimal time to measure base-
line therapy was 24 hours after antibiotic initiation. Sixty-
three percent of participants indicated that the optimal time
after initial antibiotic administration to de-escalate therapy
was 72 hours. A rephrased question from the perspective of
assessing facility-level de-escalation rates asked for the opti-
mal time to measure de-escalation rates in their facility. Fifty-
four percent and 42% of participants selected 96 and 72
hours, respectively.

An example of spectrum score calculations for a common
antibiotic regimen is provided (Figure 2). In this example,
vancomycin has a spectrum score of 13.0, imipenem has a
score of 41.5, and the antibiotic combination has a score of
45.25. Individual antibiotic spectrum score values ranged
from 4.0 for metronidazole (indicating narrow-spectrum cov-
erage) to 49.75 for tigecycline (indicating broad-spectrum
antimicrobial coverage) on a possible 60-point scale (Table
4).

The relationship between Delphi participant judgments
and spectrum score in a set of 20 antibiotic regimen de-
escalation scenarios is summarized in Table 5. Consensus of
expert opinion regarding whether a specific regimen indicated
de-escalation was identified in only 2 regimens; however,
mean Likert scores favored de-escalation in 13 and escalation
in 7 vignettes, respectively. The sign of change in spectrum
score correctly classified mean Likert scores, indicating de-
escalation in 9 of 13 vignettes. Three discordant vignettes
classified by participants as de-escalation (vignettes 9, 16, 18)
were classified as escalation by spectrum score. All discordant
vignettes involved regimens where oral antibiotics could be
substituted for intravenous formulations later in therapy. In
this sample of 20 vignettes, change in spectrum score was
not significantly correlated with mean participant Likert score
(—0.34; P = .15).

Non-Delphi participant antimicrobial stewards identified
de-escalation and no meaningful change in therapy or es-
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Assessment of Antibiotic De-Escalation in 20 Antibiotic Regimen Vignettes: Comparison of Delphi Panelists and Prototype

Likert
Antibiotic regimen score, % Spectrum score
Vignette
ID Initial Subsequent 1-2 6-7 Median Mean SD  CV  Initial  Subsequent A
1 Vancomycin and piperacillin/ Ertapenem 4 76 6.0 6.0 1.2 0.2 44.50 30.25 —14.25
tazobactam
2 Vancomycin and piperacillin/ Vancomycin and imipenem 40 8 4.0 3.3 1.5 0.5 55.25 45.25 —10.00
tazobactam and levofloxacin
3 Moxifloxacin Ceftriaxone 0 24 5.0 4.8 0.9 0.2 36.25 25.50 —10.75
4 Ceftriaxone and azithromycin Levofloxacin 0 0 4.0 3.9 0.6 0.2 30.75 39.75 9.00
5 Cefepime and linezolid Ceftaroline 28 5.0 5.1 1.0 0.2 44.75 26.00 —18.75
6 Vancomycin and piperacillin/ Vancomycin and piperacillin/ 56 4 2.0 2.3 1.1 0.5 44.50 48.50 4.00
tazobactam tazobactam and levofloxacin
7 Ciprofloxacin and ampicillin/ Ciprofloxacin and amoxicillin/ 0 4 4.0 4.3 0.6 0.1 48.50 48.50 0.00
sulbactam clavulanate
8 Piperacillin/tazobactam Ampicillin/sulbactam 0 80 6.0 6.1 0.7 0.1 4225 33.50 —8.75
9 Vancomycin Trimethoprim/ 4 56 6.0 5.5 1.3 0.2 13.00 40.75 29.75
sulfamethoxazole
10 Vancomycin and piperacillin/ Moxifloxacin and clindamycin 0 36 5.0 5.3 0.9 0.2 44.50 40.75 —3.75
tazobactam
11 Ceftazidime and gentamicin Gentamicin and imipenem 28 0 3.0 3.0 1.0 0.3 41.75 50.00 8.25
12 Imipenem Moxifloxacin 0 64 6.0 5.8 0.7 0.1 41.50 36.25 —5.25
13 Ceftriaxone Piperacillin/tazobactam 80 0 2.0 1.9 0.7 0.4 25.50 42.25 16.75
14 Tigecycline Ertapenem 4 8 4.0 4.4 1.0 0.2 49.75 30.25 —19.50
15 Clindamycin Vancomycin 24 4 3.0 3.1 1.3 0.4 10.75 13.00 2.25
16 Vancomycin and piperacillin/ Levofloxacin and piperacillin/ 8 4 5.0 4.4 1.1 0.3 4450 48.50 4.00
tazobactam tazobactam
17 Levofloxacin Moxifloxacin 0 0 4.0 4.1 0.7 0.2 39.75 36.25 —3.50
18 Ceftriaxone and azithromycin Cefpodoxime and doxycyline 0 12 4.0 4.4 0.8 0.2 30.75 43.25 12.50
19 Vancomycin and piperacillin/ Piperacillin/tazobactam and 0 20 5.0 5.0 0.7 0.1 44.50 42.25 —2.25
tazobactam metronidazole
20 Ciprofloxacin Levofloxacin 12 0 4.0 3.5 0.8 0.2 39.75 39.75 0.00
NOTE. A negative change in spectrum score implies de-escalation. CV, coefficient of variation; SD, standard deviation.

calation in 24.3%, 63.3%, and 12.3% of the 300 HCAP-based
vignettes reviewed, respectively (average intraclass correlation
coefficient, 0.929 [0.870-0.964]), whereas the spectrum score
method identified de-escalation and no meaningful change
in therapy or escalation in 24.0%, 62.0%, and 14.3% of these
cases by day 4 of therapy, respectively. The sensitivity and
specificity of the spectrum score method to identify de-
escalation events as judged by antimicrobial stewards was
86.3% and 96.0%, respectively. Likert scores suggested that
for some vignettes, experts made inferences regarding
switches from intravenous antibiotic use on day 2 to oral
antibiotic use on day 4. Further analysis indicated that mean
Likert scores were 0.5 points higher for vignettes that could
have included at least 1 antibiotic administered orally on day
4 but not on day 2 of therapy (P = .003), suggesting that
experts viewed oral therapy favorably in classifying de-esca-
lation decisions. Change in spectrum score was correlated
with mean Likert score (0.66; P < .001).

DISCUSSION

The modified Delphi method provided critical insight into
antibiotic stewards’ perceptions on antibiotic spectrum and
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de-escalation. The prototype spectrum score method that was
developed reflects input from the Delphi participants. Im-
portant consensus items identified included the following:
antibiotics used to treat intrinsically resistant organisms, par-
ticularly P. aeruginosa, should be weighted more heavily than
other antibiotics; an ordinal scale of antibiotic susceptibility
was preferable to categorically assigning susceptibility to an
antibiotic; and accounting for duplicate coverage of organ-
isms was important when measuring de-escalation. Regarding
the optimal time to measure antibiotic de-escalation, 24 hours
after initiation was considered the most appropriate time to
measure baseline therapy, and while consensus was not
achieved regarding the optimal time to measure antibiotic
de-escalation, 96% of the participants indicated that day 3
or 4 was the optimal time to measure de-escalation rates in
their facility. The spectrum score method that was developed
and implemented generally agreed with panelist interpreta-
tions of de-escalation as well as antimicrobial stewards un-
familiar with the spectrum score.

Study strengths include the development of a novel ap-
proach to measure de-escalation which is based in part on
opinions of antimicrobial stewards in formulation of the


https://doi.org/10.1086/677633

1112 INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY

method. The construct behind de-escalation is that less se-
lective pressure on non-disease-causing bacteria through the
use of targeted narrow spectrum antibiotics is important. The
spectrum score method, which uses susceptibility data in
score formulation, may help facilitate objective measurement
of antibiotic spectrum in de-escalation considerations. The
method may also help to explore the association between
antibiotic de-escalation and patient outcomes or antimicro-
bial resistance. Use of an algorithm to calculate spectrum
scores is a new approach that takes advantage of the growing
availability of electronic antibiotic use data. Current mea-
surement of antibiotic de-escalation practice requires labor-
intensive manual chart review, which is impractical for
facility-level measurement or comparison.

Study limitations include the lack of consensus for select
content areas, reliance on VA susceptibility and antibiotic use
data, and the web-based modified Delphi design. Agreement
between the algorithm and expert-recognized de-escalation
was imperfect but on-par or superior to the level of agreement
measured between experts. Panelists reached consensus for
only a limited number of intrinsically resistant organisms and
predominantly broad-spectrum antibiotics for inclusion in
the score, and we may have introduced bias by informing
panelists of our long-term goal to measure facility-level de-
escalation rates in patients with HCAP. In the absence of
consensus, we primarily included organisms and antibiotics
that received majority affirmative rankings. The spectrum
score was developed foremost from VA data, and the method
was designed to measure de-escalation in VA electronic med-
ical records, which may limit generalizability to community
or university hospitals. However, the large nationwide sam-
pling of recent data is also a potential strength. The rapid
escalation in use of electronic medical records technology may
allow adaptation for use in other healthcare systems in the
future. A general limitation of the spectrum score approach
is that in vivo susceptibility of many organisms exposed to
antibiotics in the treatment of human infection as well as
their clinical significance relative to antibiotic de-escalation
are unknown. A final limitation involved the use of the web-
based modified Delphi process. We observed a decrease in
survey response rates over rounds, which is an inherent dif-
ficulty with written Delphi surveys; also, unlike a traditional
Delphi method, where consensus may be sought through
face-to-face deliberations, this study was unable to fully ex-
plore concepts of interest that arose in the process, such as
the importance of intravenous to oral conversion."

A variety of definitions of broad and narrow spectrum have
been used in studies that measure de-escalation, yet objective
characterization of de-escalation in terms of antimicrobial
spectrum is limited.>'" To date, 1 study has attempted to
utilize a measure of antibiotic de-escalation on the basis of
the intrinsic microbiological activity of antibiotics.” A pro-
spective observational cohort study of ventilator-associated
pneumonia employed a scoring system that ranked antibiotic
regimens on a scale of 1-5 on the basis of the intrinsic gram-
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negative activity of antipseudomonal $-lactam and fluoro-
quinolone antibiotics. Combination therapy regimens were
scored on the basis of the most potent antimicrobial, and
lesser antibiotics were ignored. De-escalation was classified
as the switch to or addition of antibiotics with lower scores.
The authors noted that de-escalation was uncommonly
performed.

Future work will include further calibration of the spec-
trum score method to account for the importance of oral
therapy in the assessment of antibiotic de-escalation and a
full-scale VA facility-level assessment of de-escalation rates in
HCAP. Upon completion, export and construct validation of
the spectrum score method to measure de-escalation rates in
other patient populations and healthcare settings may be war-
ranted. Additional work should study the clinical significance
of de-escalation on antimicrobial resistance and clinical out-
comes as well as explanations for why de-escalation rates are
low.

In summary, the modified Delphi method provided critical
insight into antibiotic stewards’ perceptions on components
of spectrum score development and operational aspects for
applying the score to measure antibiotic de-escalation. While
a clear consensus for all items was not identified, it is im-
portant to recognize that limited published data exist in the
area of de-escalation, which is 1 of the main reasons this
study used a Delphi process. On the basis of the Delphi re-
sults, we developed a method for measuring de-escalation in
electronic medical data, which is based on the spectrum of
microbial activity for antibiotic regimens that generally agrees
with expert opinions of antibiotic de-escalation events.
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