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Abstract

Background: Pyogenic liver abscesses (PLAs) represent potentially life-threatening
abdominal conditions that require immediate diagnosis and therapy. European and
American incidence figures vary between one and 15 per 100,000 per year.
Structured epidemiological data for European countries are not available.
Objective: To systematically characterize the epidemiology and clinical outcome of
PLA in Germany.

Methods: In representative statutory health insurance data from four million people
in 2013-2019, the prevalence and incidence with clinical coding of International
Statistical Classification of Diseases and Related Health Problems (ICD)-10 code
K75.0 were selected (n = 1118). Furthermore, demographics, relevant comorbid-
ities, hospitalizations, mortality and complications were determined within one year.
Results: The incidence of PLA was approximately seven per 100,000. The average
age at diagnosis was 66 years; 65% were male. Of these, biliary disease was
documented in over 60% and infectious intestinal diseases were found in 21%
within the same or previous calendar year. PLA patients had high comorbidity
indices. Liver transplant status, malignancies of the liver and biliary system, liver
cirrhosis and pancreatitis were strongly associated. Intensive care was documented
in 27% of PLA cases. Nine percent died within 12 months, most with an underlying
malignant disease.

Conclusion: Pyogenic liver abscess is a rare disease with high morbidity. Predis-
posing and risk factors include intestinal and biliary diseases as well as hepatic
malignancies. Further research should focus on PLA therapy within prospective
surveys and controlled clinical trials.
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INTRODUCTION

Pyogenic liver abscesses (PLAs) represent potentially life-threatening
abdominal conditions that require immediate diagnosis and therapy.
PLA often occur at an advanced stage of an underlying disease; it
used to be fatal in most cases, until the introduction of antibiotics
and interventional therapy. Treatment management recommenda-
tions have significantly improved the prognosis,? with a reported
mortality rate of 6%-10%.5%

Pyogenic liver abscesses often represent a clinical challenge
because of unspecific symptoms and comorbidities.> For the clinical
management, it is particularly important to consider the aetiology.
Therapeutic strategies are always based on anti-infective treatment
and elimination of the causal focus. Optimal treatment results are
achieved through intensive interdisciplinary cooperation.® The inci-
dence varies between one and 15 per 100,000 in Europe, North
America and New Zealand and significantly differs by region.2™?
Structured data on the epidemiology, diagnosis, treatment strategies
and outcome of PLA are not yet available for Europe. Published studies
comprise older administrative register figures from Denmark® and
monocentric studies from the UK® and lItaly.?® Hence, a systematic
analysis of representative routine data from the statutory health in-
surance (SHI) system can support the development of future evidence-
based treatment recommendations. SHI data increasingly contribute
to health services research as they include patient-related and cross-
sectional demographic data, outpatient and inpatient services and di-
agnoses, as well as information on drug prescriptions and costs.**

The available evidence on the therapeutic management of PLA is
largely based on case reports and retrospective studies, mainly from
Asian-Pacific countries, and only comprises few randomised
controlled trials.*> 1% Consequently, treatment recommendations are
mainly based on expert opinions. National guidelines are not yet
available. Therefore, our aim was to systematically characterize the
epidemiology and clinical outcome of PLA using a longitudinal routine
data cohort study.

MATERIALS AND METHODS

For this study, accounting data of approximately four million SHI-
insured persons were provided by the German Analysis Database
for Evaluation and Health Services Research (DADB). The database
includes approximately 5% of the total individuals covered by SHI in
Germany and has been proven to constitute a representative sample
of the total German population. It comprises clinical diagnoses
according to the International Statistical Classification of Diseases
and Related Health Problems (ICD)-10 from electronic health re-
cords and procedural coding, which are the basis for reimbursement
of in-hospital services. An epidemiological evaluation and adjustment
to the SHI-wide prevalence and incidence of PLA (ICD-10 code
K75.0) was conducted.

In addition to demographic and morbidity-related characteristics,
the cross-sectoral and longitudinal patient journey was considered.

Key summary

Summarize the established knowledge on this subject

e Pyogenic liver abscesses (PLA) are potentially life-
threatening medical conditions that significantly
contribute to the mortality of patients with chronic dis-
eases, especially, malignancies.

e Due to the worldwide spread of multidrug-resistant
and/or hypervirulent bacterial strains, a significant
dynamic in the number of PLA cases is to be expected.
However, there are insufficient surveys on the epide-
miology and prognosis of PLA in Europe.

e PLA require a fast and structured interdisciplinary
approach, but the available evidence on treatment stra-
tegies is largely based on case reports and expert
opinion.

What are the significant and/or new findings of this

study?

e This is the first systematic analysis of health insurance
data on the epidemiology and mortality of patients with
PLA in Germany revealing an incidence of approximately
seven per 100,000.

e Liver transplant status, malignancies, liver cirrhosis and
pancreatitis were strongly associated with PLA.

e A severe course requiring intensive care treatment was
documented in 27% of the cases.

e The median survival time of PLA patients was 5.3 years.
Mortality was strongly associated with underlying

malignancies.

For this purpose, the coded diagnoses (ICD-10-GM), procedures
('Operationen- und Prozeduren-Schlissel', OPS), outpatient ac-
counting codes ('Einheitlicher BewertungsmaRstab'), and prescribed
drugs (Anatomical Therapeutic Chemical classification, code) were

extracted from the accounting data.?>"”

Inclusion and exclusion criteria

To determine the prevalence, adult individuals with a complete data-
set were selected per calendar year from 2013 to 2019. From this
population, PLA patients were extracted by an in-patient main or
secondary diagnosis according to ICD-10 code K75.0. Patients with
simultaneous coding of echinococcosis (ICD-10 code B67) were
excluded, as medical miscoding could be assumed there. We initially
intended an investigation of amoebic liver abscesses (ICD-10 code
A06.4). Nevertheless, we refrained from this analysis, because over
97% of these cases had only outpatient documentation and, therefore,
insufficient coding quality was supposed. However, patients with both
ICD-10 K75.0 and A06.4 coding were not excluded from the analysis.
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Primary endpoints

Prevalence and incidence (per 100,000 inhabitants) were deter-
mined. For the incidence, patients also had to be observable in the
previous calendar year and were not allowed to have a PLA diagnosis
in this time interval. For incident cases, the following endpoints were
evaluated 30 days after initial diagnosis and 365 days thereafter:
Hospitalisation, surgery and death. In addition, diagnoses in the
previous or reporting year before the PLA were examined, which
could serve as indicators for PLA aetiology (ICD-10 codes see
Table S1).

Secondary endpoints

In addition, complications during hospitalisations were evaluated on
the basis of secondary diagnoses and procedures. For these addi-
tional endpoints, a minimum follow-up period of one year was
required. To determine the possible cause of PLA, comorbidities
such as the presence of immunosuppression (see criteria in Ta-
ble S2), the previous use of proton pump inhibitors (PPIs) and the
occurrence of typical symptoms (e.g., abdominal discomfort, nausea
and fever) verifiable through ICD-10 coding were analysed in the

previous year.

Adjustment and control cohort

The age and gender distribution of all individuals covered by SHI
based on 40 age and gender groups was used to apply weighting
factors to the DADB population to ensure a maximal comparability
of prevalence and incidence.*® For the assessment of comorbid-
ities, a control group without PLA, with corresponding age and
gender profiles in the DADB, was compiled to adjust for the fre-
quency of comorbidities in the remaining database. To estimate
the degree of morbidity, the Charlson Comorbidity Index (CCI) was

determined in the
19,20

previous year based on age and

comorbidities.

Statistics

For descriptive key figures, location and dispersion parameters were
given (standard deviation [SD], 95% confidence interval [Cl]). The sex
ratio was determined using an exact binomial test. For age difference
by sex, atwo-sample t-test was used. Mann-Kendall tests were used to
identify trends in the development of prevalence and incidence. Chi-
square tests were applied to the investigated comorbidities, and
odds ratios (ORs) were determined. The probability of survival after
PLA was estimated using the method of Kaplan and Meier. It was
compared for patients with and without malignant disease using a log-
rank test. All calculations were done using SQL Server Management
Studio v17.7 and the statistical software RStudio, version 1.3.1093-1.

Ethical considerations

This study was performed according to the guidelines of ‘Good
Practice Secondary Data Analysis’ (GPS)?! and in accordance with the
current Declaration of Helsinki (2013), reviewed and approved in
advance by the local ethics committee (University of Leipzig, vote
number 170/20-ek, 6 May 2020) and registered in the German
Register of Clinical Studies (DRKS, register number DRKS00021793).

For this retrospective approach, informed consent was waived.

RESULTS

From a total of 3,668,262 adult persons, 1,341 prevalent cases were
selected (Figure 1). The prevalence of PLA, adjusted by age and
gender to the total of SHI-insured persons, was eight per 100,000,
without significant increase over the years 2013-2019 (p = 0.133).
For further analysis, 1,118 PLA cases were observable and diagnosis-
free in the previous year. The SHI-adjusted incidence of PLA was
approximately seven per 100,000, with no significant increase over
the study period (p = 0.130). Sixty-five percent were men (n = 725,
p < 0.001). PLA rarely occurred before 40 years of age (Figure 2). The
mean age was 66 (SD =+ 14) years for both genders (p = 0.542). Two
patients were coded with both pyogenic and amoebic liver abscess

diagnosis in the same year.

Clinical symptoms

Typical symptoms were diagnosed in 73% (n = 487) of patients prior
to in-patient treatment. Nausea or vomiting was coded in 19%
(n = 123), pleural effusion in 17% (n = 114), malaise/fatigue and fever
in 13% each (n = 88 and 84, respectively).

Comorbidity and predisposing diseases

Patients had a high degree of comorbidity in the calendar year of PLA
diagnosis (Table 1); the mean CCI was 4.65 (Cl [4.47; 4.83]). Only
1.5% and 8% (n = 84) of the patients were affected by a previous liver
transplantation or biliary obstruction, respectively. However, these
were statistically noticeable, as they occurred about 40 times more
frequently than in the overall SHI (p < 0.001 in each case). Malig-
nancies of the liver and biliary tract system, as well as liver cirrhosis
and pancreatitis, were also significantly more often coded as
comorbidities (p < 0.001 in each case; Figure 3).

In the previous year, most PLA cases had already been diagnosed
with predisposing diseases. More than 60% (n = 677) had biliary
disorders, of which 26% had cholangitis (n = 179). Malignancies were
coded in 46% (n = 517). Furthermore, 21% (n = 234) had infectious
intestinal diseases and 12% (n = 137) had an infection after a surgical
intervention (Table 2). 16% (n = 176) had a diagnosis of either ileus,

diverticulitis or gastrointestinal abscess, and 9% (n = 97) were
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Adult individuals in the database

3,668,262

|

Pyogenic liver abscess diagnosis K75.0 1,539

v »| Diagnosed as outpatients only 198
Inpatient prevalance 1341
Diagnosis made during an inpatient stay !
| Not observable or with PLA
. L . 218
v diagnosis in previous year
Inpatient incidence
. R X . 1,123
Diagnosis-free in previous year
| R Exclusion diagnosis 5
v n " echinococcosis B67
Final study population 1118
PLA treated as inpatients !
One-year follow-up 663

FIGURE 1 Flowchart of the study population
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FIGURE 2 Age and gender distribution of the study population

considered immunosuppressed. On average, 50% of patients
(n = 564) were on a PPI treatment before PLA diagnosis, compared
with 26% in the age- and gender-weighted comparison group.

Nine percent (n = 100) of all PLA patients had no predisposing
diseases. The incidence of this subgroup was thus less than one per
100,000 persons.

Mortality

For the mortality analysis, follow-up data for at least one year was

required. This subpopulation (n = 663, Figure 1) could be followed up

Age groups

for 2.5 years (median, maximum 6.8 years). Only two PLA patients
(0.3%) died within 30 days, and 9% (n = 57) in the first year after
diagnosis. Of these, 74% (n = 42) had an underlying malignant dis-
ease. The Kaplan-Meier analysis showed a median survival time of
5.3 years (Figure 4). Mortality was strongly associated with under-
lying malignancies (4.2 years estimated median survival with vs.
6.1 years without diagnosis of concomitant malignancy, p < 0.001).
After 5 years, the estimated mortality was 15% (CI [10%; 19%)]) for
PLA patients without and 49% (Cl [40%; 57%]) with malignancy. In
the groups of PLA patients without malignancies (n = 407) and those
without any predisposing diseases, only 4% in each group (n = 15 and

n = 3, respectively) died within the first year.



ZIMMERMANN ET AL

1043

TABLE 1 Predisposing conditions prior to the occurrence of
pyogenic liver abscess

Pre-existing conditions (ICD-10-GM) Number  Proportion
Biliary abnormalities® 677 60.6%
Thereof cholangitis 179 16.0%
Malignancies 517 46.2%
Other intestinal disorders® 302 27.0%
Infectious intestinal diseases 234 20.9%
lleus/diverticulitis/gastrointestinal abscesses 176 15.7%
Non-infectious intestinal inflammation® 155 13.9%
Infection after surgery 137 12.3%
Appendicitis 25 2.2%
Vascular diseases of the intestine 18 1.6%
Liver transplant status 17 1.5%
Endocarditis 15 1.3%
Renal abscess 5 0.4%
Without any predisposition® 100 8.9%

Abbreviations: ICD, International Statistical Classification of Diseases
and Related Health Problems.

2Cholecystitis, cholelithiasis, acute and chronic pancreatitis, other
diseases of the biliary tract.

BIrritable bowel syndrome, other diseases of the intestine, anus and
rectum, functional bowel disorders.

“Crohn's disease, ulcerative colitis, other non-infectious gastroenteritis
and colitis.

9None of the listed predisposing diagnoses.

Treatment modalities and complications

The mean length of hospital stay was 22 (Cl [20; 23]) days. A severe
course with intensive care was coded in 27% of cases (n = 180).
Organ failure, SIRS/sepsis, blood transfusion or mechanical ventila-
tion occurred with a comparable frequency (Table 2), confirming
critical illness in these cases.

OPS codes for imaging methods and interventional therapies
were only documented in a small number of cases in the present
cohort, so that the foreseen analysis could not be performed. Also,
microbiological diagnostics and types of anti-infective therapy are
not evaluable within the ICD-10 and the Diagnosis Related Groups
(DRG) reimbursement system.

Our accounting data show that in 25% of cases (n = 164) surgical
treatment was applied, although it is not clear whether the PLA was
an indication for or a consequence of surgery. In 2% (n = 11) of cases,
the PLA diagnosis was already present at the time of admission to the
hospital and followed by surgery. 8% (n = 54) underwent surgery
within one day.

vThe rehospitalisation rate in the first year was 21% (n = 142)
with 42% (n = 60) of these patients having a concomitant

malignancy.

DISCUSSION

This is the first systematic analysis on epidemiology, comorbidity and
clinical outcome of PLAs in Germany, which provides important
prevalence estimations for large European countries.

64— —30%
32 —25%
16 —20%
2
3
o 8 —15%
e
Be)
o
4 —10%
2 — 5%
1 __F 0%
Liver Hepatic Pancreatitis Liver cyst/ Alcohol Further
transplant or biliary other spec. abuse malignancies
status malignancies liver diseases (excl. biliary
and hepatic)?
Bile duct Liver Further Bloodstream Drug patic)
obstruction cirrhosis chronic liver infections abuse
diseases

[l Proportion === Qdds ratio

FIGURE 3 Comorbidities according to ICD-10 codes compared to the general population in the data-set of statutory health insurance
(SHI, proportions and odds ratios [OR]), weighting of the comparison group according to age and gender analogous to the PLA population; (a)
Without basal cell carcinoma (ICD-10 C44). ICD, International Statistical Classification of Diseases and Related Health Problems
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TABLE 2 Treatment intensity indicators and complications during the hospital stay

Treatment intensity indicators (according to ICD-10-GM)

Complex intensive care treatment

Blood transfusion

Mechanical ventilation

Complex treatment for multidrug-resistant pathogens
Complications (according to OPS codes)

SIRS/sepsis

Organ failure

Complication during surgery

Pleural effusion

Nosocomial pneumonia

Numbers Proportion
180 27.1%
158 23.8%
66 10.0%
28 4.2%
162 24.4%
157 23.7%
112 16.9%
101 15.2%
37 5.6%

Abbreviations: ICD, International Statistical Classification of Diseases and Related Health Problem; OPS, Operationen- und Prozeduren-Schltssel.

o o o
T ? ?

Survival probability with 95% CI

o
[N}
!

0.0+

I I |
0 500 1000

I I |
1500 2000 2500

Time (days)

Without diagnosis of concomitant malignancy — With diagnosis of concomitant malignancy

FIGURE 4 Kaplan-Meier survival analysis

The in-patient diagnostic incidence is approx. seven per 100,000
per year and was constant in the observation period from 2013 to

22,23 and

2019. The incidence of PLA is lower in Germany than in Asia
lies in the same range as malignancies of the bile ducts and
oesophagus.?* This corresponds to previous monocentric cohort
studies from other European countries.®° There is a striking age and
gender dependency: the disease very rarely occurs before the age of
40, and the sex ratio is almost 2:1 (males to females), which can be
explained by the association with underlying diseases.

In at least a quarter of the cases, the course of disease is severe
and requires intensive care, which underlines its clinical and eco-
nomic importance. The high individual comorbidity is decisive, as
reflected in a mean CCl of 4.65.2°

There are strong associations with malignancies of the liver and

biliary tract (p < 0.001) as well as other causes of biliary

obstruction of different origin, including advanced extrahepatic
malignancies. Therefore, after the diagnosis of PLA, an appropriate
exclusion of malignancy should always be ensured, with colonos-
copy being of particular importance.*® The most important aeti-
ology appears to be cholangitis, with a share of 16%. A comparison
with a large single-centre case series from the Indian subcontinent
confirms that the main cause of PLA is biliary disease and/or
obstruction. Also, indicators of disease severity, that is, complication
rates and mortality, are comparable in both cohorts. In contrast to
Germany, malignant abscesses play a subordinate role in South Asia,
while amoebic liver abscesses tend to dominate and affect younger
patients there.?®

Liver transplant status appears infrequently, but compared with
the adjusted control population, the risk in PLA patients is signifi-
cantly increased, with an OR of 46 (Figure 3). Therefore, PLA should



ZIMMERMANN ET AL

| 1045

be considered as a serious consequence and thus potential risk factor
after liver transplantation. This finding may contribute to the trans-
plantation decision itself and demands to focus on modifiable pre-
ventive factors of liver transplant patients.

PLA without coded predisposition or risk factors affected only
9% of the cohort, corresponding to an incidence of well below one
per 100,000. In this subgroup, the cases of Klebsiella liver abscess
syndrome, which have been increasingly reported in recent years,
are to be suspected.?”"2’ However, a stratification according to
pathogen type is not possible on the basis of diagnosis data, as
these are not represented in the ICD-10 system. Analysis of other
potential risk factors confirmed the frequent presence of diabetes
mellitus with an OR of 1.3 compared with the weighted healthy
population (p < 0.001), but the correlation was unexpectedly low.*°
A recently published retrospective single-centre study showed an
increased mortality in PLA patients receiving PPI treatment.®! In
our study, we observed almost twice the frequency of PPI pre-
scriptions in the year prior to PLA diagnosis compared with the
adjusted comparison group, which could indicate a possible pre-
disposition to infectious complications with PPI therapy. However,
the analysis of upper abdominal symptom codes prior to the PLA
diagnosis suggests that a relevant proportion of patients may have
had an empirical PPl indication so that causality cannot be
confirmed.

Coding of diagnostic and interventional procedures (e.g.,
abdominal sonography and needle aspiration) did not provide
meaningful results in the data-set. In 20%, a PLA was coded during
the hospital stay without the expected diagnostic measures,
especially, without ultrasound as additional imaging during the
intervention, which indicates deficient coding quality. This reflects
possible bias of the German hospital accounting system (G-DRG),
which is unique in Europe and may not provide sufficient revenue
incentives for a complete diagnosis and documentation of symp-
toms.®? Therefore, a systematic analysis of diagnostic and thera-
peutic procedures was not feasible. In contrast, a plausible analysis
could be conducted for surgical interventions with obligatory
coding, which were documented in 25% of patients. In 10% of all
cases, a primary surgical therapy of the PLA could be suspected on
the basis of the admission diagnosis and date of surgery within 2
days (n = 65 of 663). Insufficient procedure documentation is an
inherent problem of SHI databases. To avoid the influence of
documentation bias, the authors believe that there is a need for
prospective surveys on the efficiency and safety of the different
treatment approaches.

In the defined subgroup with sufficient follow-up, a survival time
analysis of patients with PLA could be completed for the first time
and shows a 1-year mortality rate of 9%. The prognosis importantly
depends on the presence of an underlying malignant disease. Even in
PLA patients without malignancy, the 5-year mortality rate of 15% is
relevantly increased. Nevertheless, the mortality does not appear to

be high enough for purely palliative care and even in highly

multimorbid and acutely debilitated patients, the start and continu-
ation of active PLA treatment can be worthwhile. There possibly will
be a demand for a structured treatment process that has not yet
been adequately addressed.

Limitations

Any analysis of SHI routine data has intrinsic limitations. Although
almost four million insured people were examined in this study, the
sample is relatively small in relation to the total German population
(5%). Nevertheless, this study represents the largest corresponding
analysis for Europe to date. It is limited to in-patient diagnoses,
because the modalities of outpatient coding do not allow a similar
approach for this indication.>33# The primary purpose for collecting
SHI routine data is the billing of services, which means that a bias due
to upcoding and rightcoding, as a specific issue of the German SHI
accounting system,®® is to be expected. Essential clinical aspects of
care are not naturally recorded in the medical coding and therefore
cannot be evaluated with the applied methodology. The gold stan-
dard for a correspondingly in-depth analysis is a prospective clinical
registry, the establishment of which would represent an important
step toward quality assurance of PLA therapy. In order to obtain all
necessary data on the clinical care of these patients, it is crucial that a
registry needs to be multicentric and includes different European
countries. As another step, European or national treatment guide-
lines for PLA would be welcome.

CONCLUSIONS

For the first time, a representative incidence and prevalence calcu-
lation for pyogenic (bacterial) liver abscesses was carried out in
Germany. With an in-patient coded prevalence of approx. eight per
100,000 persons (incidence: seven per 100,000), it represents a rare
disease, with less than 1 case per 100,000 persons attributable to
PLA without predisposition. The 1-year mortality rate is 9% and is
mainly associated with underlying malignancies. Our analysis also
confirms predisposing factors, especially, diseases of the biliary sys-
tem and malignancies. Prospective surveys and controlled clinical

trials are needed for further health care research.
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