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Abstract

The cost of treatments especially in conditions where
multiresistant bacteria are involved are a major issue in
times where in most developed countries in the world
payment systems based on diagnoses-related-groups
(DRG) are in place. There is great evidence that espe-
cially the length of stay in hospital (LOS), the time in
the intensive care unit (ICU-days) and the hours of
mechanical ventilation (HMV) are major cost drivers.

While established methods of pharmacoeconomical
analyses focus on the efficiency of drugs from health-
care system perspective, these data are often not suffi-
cient for improving treatment strategies in a given hos-
pital context.

We developed a system that allows the analysis of
patients with severe infections on the basis of routine
data that is also used for reimbursement. These data
contain a lot of information concerning the clinical
conditions. By using the ICD-coding we developed an
algorithm which allows the detection of patients with
infections and gives information on the potential fi-
nancial outcome of these patients. By using the analy-
sis it is possible to identify subsets of infections and
the patient records that had a potentially negative
DRG-result, i.e. the costs are higher than the reim-
bursement. When identified the patient records under-
go a peer review, where the clinical situation and the
antibiotic therapy are reviewed by medical experts. In
case simulations it is possible to find out if a different
therapeutic approach, e.g. by different choices in initial
(empirical) antibiotic treatment would have caused
other outcomes.

Data driven analyses together with peer reviews of
patient records are a useful tool to examine antibiotic
treatment strategies and to establish changes that again
can be reviewed on a regular basis. Doing this a conti-
nous improvement process can be established in hos-
pitals which can lead to a better balance of clinical and
economical outcomes in patients with severe infec-
tions. Moreover these analyses are helpful in assessing
the literature on economical benefits of new therapies.

Abbreviations:

ALOS = Average length of stay in a given DRG, basis
for determining whether a patient causes more costs
than reimbursement;

CAP = community acquired pneumonia;

CC = complications and comorbidities, conditions
(like secondary diagnoses) that cause higher resource
consumption;

DRG = diagnoses related groups, systems to classify
patients based on their resource consumptions;

HAP = hospital acquired pneumonia;

HMYV = hours of mechanical ventilation;

ICU-days = treatment days on an intensive care unit;
LOS = length of stay in hospital;

MDS = medical services of the statuary health insur-
ance in Germany;

QALY = quality adjusted life years;

W = with;

W /O = without

INTRODUCTION

Antibiotic therapy directed against multiresistent bac-
teria is a significant cost driver in clinical medicine.
Due to various reasons, the costs of new antibiotics
are comparatively high and some multiresistant bacte-
ria can or should only be treated with new antibiotics.
Moreover, most complicated bacterial infections re-
quiring long treatment durations occur in the hospital
setting, often in intensive care units. It is a well estab-
lished notion that prolonged length of stay in the hos-
pital (LOS), the time spent in intensive care units (ICU
days) and the hours of mechanical ventilation (HMV)
are the main cost drivers in this setting [1-6].

The evaluation of the economical effectiveness of
pharmacological therapies is gaining more and more
importance. While most of these pharmacoeconomi-
cal analyses are intended to show effectiveness of a
new drug versus the current standard-of-care from a
healthcare system perspective (cost-effectiveness stud-
ies, prospective modelling, using quality-adjusted-life-
years (QUALYSs) and other parameters), these studies
do not necessarily answer the budget-related questions
of clinicians or even the administrators in a hospital
[7-10].

Finally, in most developed countries so-called diag-
nosis-related groups (DRG) are used for hospital bud-
geting, reimbursement or resource allocation. DRGs
are payment groups that determine the reimbursement
for a certain type of patient group that was found to
be economically homogenous. For example, the Ger-
many system provides DRG-directed payment for res-
piratory tract infections with or without ,,complica-
tions or comorbidities (CC)“. The following table
gives an overview of DRGs for respiratory tract infec-
tions, their cost-weights, their payment (assuming a
base price for cost weight 1.0 of € 2,900.-) and the re-
lated length of stay (ILOS) in hospital, see Table 1.
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Table 1. Overview of DRG E77 — respiratory tract infections.
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MDC |*| DRG -V - Denominator

v Cost weight | + [Price v Avg.Lﬂ!hﬂfdﬂﬁ'.

04 E7TA M
mehr als 72 Stunden

Andere Infektionen und Entzindungen der Atmungsorgane
mit komplexer Diagnose oder duRerst schweren CC, mit
intensivmedizinischer Komplexbehandlung im Kindesalter,

2642 766180€ 12,8

04 E77B M

oder angeborenem Fehlbildungssyndrom

Andere Infektionen und Entzindungen der Atmungsorgane
mit komplexer Diagnose oder duRerst schweren CC, ochne
intensivmediz. Komplexbeh. im Kindesalter = 72 Std., mit

Komplexbehandlung bei multiresistenten Erregern

1,782 5.167.80€

04 E77C M

schw. CC oder bei Z. n. Transplantation

Andere Infektionen und Entzindungen der Atmungsorgane
ohne intensivmed. Komplexb. im Kindesalter » 72 Std., oh.
Komplexb. b. multires. Erregern, oh. angeb.
Fehlbild.syndr., mit sehr kompl. Diagn. und &duf. schw. od.

1,389 4.02810€

04 E77D M

Diagn., aufter b. Z. n. Transpl.

Andere Infektionen und Entzindungen der Atmungsorgane
mit kompl. Diagn. od. uR. schw. CC, oh. intensivm.
Komplexbeh. im Kindesalter > 72 Std., oh. Komplexb. bei
multires. Erregern, oh. angeb. Fehlb.syndr., ch. sehr kompl.

1,209 3.506,10 €

04 E77E M
Alter < 1 Jahr

Andere Infektionen und Entzindungen der Atmungsorgane
ohne komplexe Diagnose, ohne duRerst schwere CC,

0,766 222140€ 53

04 E77F M
Alter > 0 Jahre, bei Para- / Tetraplegie

Andere Infektionen und Entzindungen der Atmungsorgane
ohne komplexe Diagnose, ohne duerst schwere CC,

1,012 293480€ 83

04 ET7G M

Alter = 0 Jahre, auler bei Para- / Tetraplegie

Andere Infektionen und Entzindungen der Atmungsorgane
ohne komplexe Diagnose, ohne dulerst schwere CC,

0,713 2.067,70€ 68

Table 2. Cost matrix for DRG E77B.

Personalkosien: Sachkosten: Pers - u. Sachkosien:
Arzficher | Pllegedienst | med./ftechn. Arzneimisel Implantate / Ubriger med. Bedarf med. nicht med.
Dienst Dienst Transplant. Infrastrukiur | Infrastrukiur
Kosienbereich 1 2 3 424 | » 5 6a & 7 2 Summe

P [01. Normaistason 4859 1.510,2 51,2 179,a| 75,0 0,0 128,3) 81 2378 910,7 3.585,8
02. Mtensivsiason 25,0 197,0 30 216 77 0,0 28,7 27 21,0) 1035 481,3
04, OP-Bereich 1,7 0,0 1,0 0,1 0,0 0,0 09 1,3 0,8 1,1 5,8
05. Andstesie 3,0 0,0 2,1 0,2 0,0 0,0 0,8 0,1 0,5 09 74
07. Kardiologische Diagnossk / Therg 07 0,0 1,1 0,0 0,0 0,0 0,4 1,0 0,7 0,3 4.7
08. Endoskopische Diagnossk / Ther| 19,8 0,0 21,5 1,0 0,2 0,1 11,1 0.7, 10,4 154 80,1
08, Radiologie 24 0,0 344 03 0,0 0,0 89 7.7 11,2 23 107,1
10, Laboratorien 15,5 0,0 97,3 3,1 13,7 0,0 70,3 85,3 9,9 42,9 7.9
11. Ubrige diagnosssche und terape 374 2,0 1285 24 0,0 0,0 10,7 31 11,9 81,0 258,0)
Summe: 6723 17093 1] 2081 %,1] XIEEE EEEEE =X

DRGs are common instruments for hospital reim-
bursement or budget allocation in most developed
countries in the World. Nearly every country in Eu-
rope has DRG-systems in use [15].

Without drilling too deep into the complicated Ger-
man DRG System and translating all the DRG-de-
nominators, we point out, that DRG payments for one
particular set of conditions — like respiratory tract in-
fections — vary according to various cost-modifiers.
One of these factors is the occurence of multire-
sistent bacteria (see bold letters in the table).

However, the payment for a given DRG is fixed at a
certain amount. The German costing study includes

annually calculated average costs in a matrix of cost
types (such as staff, pharmaceuticals, etc.) and cost
centers (such as normal ward, OR, ICU; etc.). This re-
sults in a costing matrix with up to 100 so-called cost
modules. Moreover a national LOS “benchmark® is
available, and these data are published in the internet
(for each DRG). After the introduction of DRGs, op-
timizing the LLOS has turned out as an important lever
to achieve higher profitability [11]. Yet, this notion has
not yet been fully acknowledged by everyone in the
medical community [12].

As an example, Table 2 shows the cost matrix of
E77B — Respiratory infections with complex diagnosis
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Table 3. Entity relationship model of the ,,decoding infections® database.

=5 Beziehungen

Infektionsgruppen Infektionen

Erregergruppen

or catastrophic CC, w/ o complex intensive care for chil-
dren, with treatment of multiresistent bacteria, hospital
stay longer than 72 brs

Based on the known ,,limits® that must be observed
to avoid losing money in DRG-reimbursed treatments,
analyses can be done on an individual hospital’s data
to determine whether the current treatment strategies
in a hospital lead to a sustainable balance of cost and
medical need [13, 14].

Coming from this idea, the development of a
DRG-based approach to the analysis of infections and
the prove-of-concept were the major questions to be
dealt with in this publication.

MATERIALS AND METHODS

As in DRG-based payment systems, the coding
of diagnoses as primary (the reason why the patient
got admission to the hospital) and secondary
(relevant complications and comorbidities that
caused resource consumption) diagnoses is the
cornerstone of finding the correct DRG, we assumed
that the coding quality in terms of completeness
and accuracy pretty well reflects the clinically relevant
situation, especially in case of infections. We devel-
oped an algorithm that contains over 100 ICD-
codes representing infections and/or bacterial
pathogens. Hospital-acquired versus community-
acquired infections were assumed to be represented
by the assignment as ,,primary” (or main) diagnosis
or ,,secondary® diagnosis. Moreover, we tried to rule
out coding errors such as the implausible use of
the same ICD code as primary and secondary
diagnosis. Hospital acquired pneumonias (HAP)
may be indicated by a special ICD-code (U69.00!)
used to distinguish between community acquired

CEX

Infektionen_Infektio... 3

Infektions_ICD
#cd_id
inf_code

pneumonia and HAP in the German
system.

Using the minimal basic dataset (MBDS) of a coun-
try — in Germany it is defined by §21 of the hospital
financing act and thus called §21-data — for one hospi-
tal or a set of hospitals, it is possible to ,,decode® in-
fections from the DRG data.

Table 3 displays the basic data model used to re-
trieve information on infections and bacterial
pathogens from coded ICD-10 data.

As in some cases, bacterial pathogens are part of
the ICD-code of the infections, counting infections
and the bacteria involved respect this fact by listing
some ICD-codes as infections and as bacteria.

See Table 4 for an example.

Using this methodology, we were able to decode in-
fections from routine DRG data. After implementa-
tion of these data in a business information ware-
house (BI) software, it is now possible to answer the
following questions:

(CAP)

- Which infections caused by which bacteria occur in
the hospitals?

- Which LOS is associated to which infection and
does it imply a risk of losing reimbursement for the
hospital?

- Which DRGs are the ones most likely impacted by
infections?

Once identified, the DRGs with a high number of
infections or those patients that cause the highest loss
in DRG-reimbursement due to infections may be fur-
ther analyzed.

In peer reviews, the antibiotic therapy strategy for
cach case may be compared against the expected cost
average in the respective DRG, the actual cost and the
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Table 4. Association of bacterial pathogens and ICD-codes..

B Erregergruppen : Tabelle

eqrp_id

egrp_text
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1 Staphylokokken

erid | Erreger

1 Staphylococcus aureus

2 Sonstige Staphylokokken

3 MRSA
18 nnbez Staphylokokken
39 Sepsis durch s.aureus
40 Sepsis durch sonstige Staphylokokken
41 Sepsis durch nnbez Staphylokokken
42 Pneumonie durch Staphylokokken

(AutoVert)

| | [[[]]]

2 Streptokokken

3 Hamophilus

4 Pseudomonaden
5 Enterokokken

6 Enterobaktenazee
7 Pilze

8 Sonstige
AutoWert

|| % |+ & s|s

#l [T

potential cost outcome achieved by using a different
therapeutic strategy.

RESULTS

Differences in length of stay that cause inefficiency can
be detected and assigned to various types of infections.

Table 5 shows an overview of certain infections
and the LOS of patients having these infections com-
pared to the LOS of patients being in the hospital
without an infection.

Table 5. 1.OS with and without infections.

If the LOS is higher with an infection, this does
not necessarily imply that there is an economic loss
for the hospital, as expensive cases usually also entail
more revenue. By knowing that LLOS is the key cost
driver in a DRG-based system, an analysis can be
performed how many patients meet the average
LOS (ALOS) of the DRG — as defined by the
national benchmark — and how many patients stay
longer. Those patients staying longer are the
patients that cost more than the hospital is reim-
bursed for.

Without infections:

80 N 7,3 days (green block
= ABDOMEN line)
B g‘:g With hospital acquired
70 : DIABF pneumonia (HAP) 21-28
- hiIVSEP days (pink line)
- HWI_simpel
" == SEPSIS
- 5SEP
- §8TI
- - tSEP
- UROSEPSIS
- VAP
- — VHAP
= WUND
30 _—
20
10
EEENESEEEaEN
0

07-01
07-07
07-08
07-09
07-10

&) Jahronat

07-11
07-12
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Table 6. 1LOS for all patients of a hospital — good result: 76% of all patients can be discharged before reaching the ALOS (mVD

in the figure).

Verweildauer -Verteilung
10000 «

9.000 -
8.000 -
7.000 «
6.000 -
$.000 -
4000 -
3000 -

20000 -

1.000 -

03

L 100% = Faltzahl

— Falizahl
[ 90% wumuliert

I 80%
+ 70%
F 60%
F 50%
- 40%
+ 30%
I 20%

+10%

GWI-mVD+(oGVD-mVD)?2

Table 7. 1LOS distribution for patients with postoperative infections. Although the national ALOS of these DRGs is 21.9 days
(indicating that the DRG-reimbursement is higher than the hospital average) only 50% of these patients can be discharged be-
fore ALOS. That means half of the patients cost presumably more than the hospital is being reimbursed for.

Verweildauer-Verteilung
S5 4
50 -
45 -
40 -
3 4

30 -

»T 44 09
o 4 1 15 2 %

Tables 6 and 7 display LOS curves (absolute = red
curve, cumulative = brown curve) for 1) all patients in
a hospital and 2) patients having a postoperative infec-
tion such as wound infections, peritonitis or other
OR-related infections:

Using individual patient cases for analysis, the indi-
vidual DRG may be used and the actual antibiotic
therapy strategy may be compared versus an optimum
setting. Quite often it is possible to show that a state-
of-the art therapy causes less cost.

100  —Felel
— Fallzahi

[ 90% kumuliert

F 80%

L 70%

p-

L 60%

b 50%

L 40%

E 30%

 20%

L 10%

¥
L 0%

Vwvd

Table 8 shows a case simulation for a given DRG —
result (A13E — mechanical ventilation 95-250 hrs). By
examining the medical record, the reviewers found that
by optimizing antibiotic therapy (i.e. starting the eventu-
ally effective therapy with tigecycline 3 days earlier) the
ICU-stay and the LOS could have been 2 days shorter.
Morecover, by starting the adequate therapy eatlier, three
days of ineffective and expensive therapy (in this case
meropenem plus ciprofloxacin) could have been avoid-
ed. In the end, the hospital would have had small gain
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Table §. DRG and individual case-based simulation of optimized antibiotic therapy strategies.

Fallparameter
Verlegungsstatus
Aufnahmedatum: 02.10.2009 Entlassungsdatum: 26.10.2009 Verweildaver: 24 @ Kein Verlegungsfall oder < 24h
Basisrate: | 2.621,30€ | AufStandarc R sezen | Eff. Relativgewicht: 7o) (T
_ Entlassung-Verlegung
Verfahrensjahr: 2009
DRG-Selektion Eckdaten (InEK)
MDC: E] Relativgewicht: 6,710
DRG:  AI13E E] Beatmung > 95 und < 250 Stunden ohne komplexe OR-Prozedur, ohne Erster Abschlagstag UG: 6
Eingriff bei angeborener Fehibildung od. Alter > 1 Jahr, mit Erster Zuschlagstag OG: 39,0
bestimmter OR-Proz. oder kompliz. Konstellation oder intensivmediz. Verlegungs-DRG: Ja
Kalkulation
InEX - Daten Ist-Situation Variante
Hauptleistungskosten:  1.859,57€ Hauptleistungskosten: 1.859,57€ Hauptleistungskosten: 1.859,57€
Tageskosten (incl. AM): 208,32€ Tageskosten ohne AM: 139,72€ Tageskosten ohne AM: 139, 72¢€
Katalog-Verweildauer: 20,6 Verweildauer: 24 Neue VWD: 2
Intensiv-Verweildauer(Kalk): 10,9 Intensiv-Verweildauer: 12 Neue Intensiv-VWD: 10
Kosten Intensiv(incl. AM): 11.438,38€ Intensivkosten ohne AM:  11.523,80€ Intensivkosten ohne AM: 9.603,17¢€
Antibictikakosten sind in der InEX - Kalkulation Cafuroxim 1500mg 1X tgl. for 1 Tage Cefuroxim 1500mg 1X tgil. fr 1 Tage
NICHT gesondert ausgewsesen Meropenem 1000mg 3X tgl. fur 3 Tage Tigecychin SOmg 2X tgl for 10 Tage
Sie 3ind Bestandteil der Arzneimsttel (AM-kosten Tigecyclin SOmg 2X tgl fur 10 Tage Metronidesc! 500mg 1X 11 fur 1 Tage
Ciprofioxacin 200mg 3X tgl. fur B Tage
AM-Kosten Intensiv: 980,53 € Antibiotikakosten: 2.184,11 € Antibiotikakosten: 1.312,16 €
AM-Kosten ohne HL: 1.413,07€ Arzneimittelkosten: 2.595,68 € Arzneimittelkosten: 168944 €
Vorgabe Gesamtkosten:  17.589,33 € Kalkulierte Gesamtkosten:  19.472,15€ Kalkulierte Gesamtkosten:  16.365,82 €
DRG-Erlds:  17.588,92¢€ DRG-Erlds:  17.588,92¢€
Kalkulierte Ober/Unterdeckung:  -1.883,23 ¢ Kalkulierte Ober/Unterdeckung:  1.223,10€
tteten,

in this DRG rather than a loss as in the original situa-
tion. Comparing national standard cost (section “InBEK-
Daten” in the picture) with actual cost (section “Ist-Sit-
uation”) shows that the hospital spends more than it is
reimbursed (-1,881.23 €). By simulating the case with the
optimized therapy option (section “Variante” in the pic-
ture) the economic result shows a surplus of 1,223.10€.
The findings of other studies and the results from
the data easily can be reproduced also in the results of
individual case reviews. The main cost drivers are:

- Length of stay in hospital = Possible reason: De-
layed start of effective antibiotic therapy

- Complications related to antibiotic therapy = most
frequent: renal failure

- Use of inadequate antibiotics that turn out to be in-
effective

- Longer ICU stay

- Prolonged duration of mechanical ventilations

DiscussioN

Decoding infections from DRG routine data is fea-
sible, comparatively easy and can be done with little
effort of time and expenses as the data are easily avail-
able for each hospital. Validations in several hospitals
were done by using the results and reviewing selected
medical records to verify whether the ,,decoded” in-
fection was actually mentioned in the record. Very lit-

tle variances were found to be due to coding varia-
tions. While Germany has coding standards for diag-
noses and procedures, errors may still occur. The actu-
al accuracy of the coding is very good. According to
the medical services of the statuary health insurance
in Germany (MDS) 11% of all hospital DRG reim-
bursements are claimed to be wrong and in 40% of
the claims actual errors are found. That means that
nearly 96% of the coding is correct, as no claim is is-
sued or no error is found [15].

It is clearly possible to identify cases that are more
expensive than the DRG system recommends. In
many of these cases, sound medical reasons caused
the extended LOS, but there is a substantial part of
the reviewed cases that suggest opportunities to opti-
mize the antibiotic therapy strategy.

CONCLUSIONS

Analysis on the basis of DRG routine data is an casy
way to “decode” infections in a hospital setting and di-
rectly connect them to economic results.

Establishing a peer review of the medical records
of cases producing financial loss may identify oppor-
tunities to optimize treatment strategies.

LOS, number of complications, 1CU-days and
hours of mechanical ventilation are good endpoints to
be used in the assessment of the economical effects of
individual antibiotics.
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