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Background/Aims: Although pyogenic liver abscesses (PLAs) can be successfully
treated, the visual prognosis of patients with endogenous endophthalmitis (EE)
associated with a PLA is poor. Early diagnosis and prompt intervention may sal-
vage useful vision. Therefore, we investigated risk factors for EE in patients with
PLA, to facilitate early diagnosis.

Methods: Data from 626 patients diagnosed with PLA between January 2004 and
July 2013 were analyzed retrospectively. Patients were divided into two groups:
those with liver abscess-associated endogenous endophthalmitis (LAEE) and non-
LAEE.

Results: The prevalence of EE in PLA patients was 1.92%. The mean age for all
patients (373 males, 59.6%) was 62.8 years. Upon multivariate logistic regression,
a liver abscess or another systemic infection (odds ratio [OR], 5.52; p = 0.005), an
abscess in the right superior segment (OR, 5.26; p = 0.035), and Klebsiella pneumoni-
ae infection (OR, 3.68; p = 0.039), were risk factors for LAEE. The final visual out-
comes of patients with LAEE included no light perception in seven, hand motion
only in three, and decreased visual acuity in two. Vitrectomy and early intravitre-
al injections of antibiotics improved visual acuity and preserved useful vision.
Conclusions: PLA patients with other systemic infections, abscesses in the right
superior segment, and K. pneumoniae infection require close monitoring and early
intervention to treat LAEE. Intravitreal antibiotic injections or early vitrectomy
may salvage useful vision.
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INTRODUCTION

nervous system infections, psoas abscesses, splenic ab-
scesses, abscess rupture, and septic pulmonary emboli

A pyogenic liver abscess (PLA) is a serious life-threaten-
ing condition, with a mortality rate of 6% to 14% [1,2].
With recent advances in diagnostic tools and treatment
modalities, most cases are currently diagnosed at early
stages and effectively treated. However, severe compli-
cations including endophthalmitis, metastatic central
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may develop in some patients [3-6].

Endogenous endophthalmitis (EE) is the most com-
mon and serious septic complication of PLA [7,8]; in
a previous study, the reported incidence was 0.84%
during 1 year of PLA follow-up [9]. EE is initially associ-
ated with subacute visual impairment, leading to loss of
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vision (blindness) despite aggressive treatment [8]. Fac-
tors suggested to be prognostic of visual outcomes in EE
patients include initial visual acuity, early diagnosis, and
vitrectomy [10]. Therefore, failure to make a timely diag-
nosis and to intervene at an early stage pose substantial
risks to affected patients.

Little information on risk factors for EE in PLA pa-
tients is available. Diabetes mellitus (DM) and Kiebsiella
pneumoniae infection have been reported to be indepen-
dent risk factors [8]. However, other studies have found
that DM may not independently predict EE [9,11], and
culture of K. pneumoniae may require a relatively long
period of time. Therefore, we investigated risk factors
for EE in PLA patients, to facilitate rapid diagnosis.

METHODS

Patients

A total of 698 patients diagnosed with PLA were admit-
ted to the Division of Gastroenterology of the Chon-
nam National University Hospital in Gwangju between
January 2004 and July 2013; 72 patients were excluded
because laboratory data were incomplete at the end of
their follow-up periods, or PLA was difficult to distin-
guish from metastatic liver cancer, cholangiocarcinoma,
or cystadenoma. Demographic information, laboratory
data, imaging results, the treatment modalities chosen,
microbiological results, and visual outcomes were retro-
spectively collected from medical records.

Diagnosis of PLA and EE
PLA was diagnosed using sonography, computed to-
mography, or both modalities. Radiographic reports
were retrospectively reviewed to determine the location
and number of abscesses. The anatomy of the affected
liver segment was described using the Couinaud clas-
sification [12]. Multiple abscesses were diagnosed when
more than one abscess was evident in either the same or
different lobes. Systemic infection was defined as PLA
with a sequela of sepsis or septic embolization to the
spleen, kidney, brain, and/or lung. A systemic infection
was diagnosed using laboratory and radiological data,
and via culture of fluid from an involved site.

If EE was suspected, an ophthalmologic consultation
was scheduled on the request of either a physician or
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a patient. The thorough ophthalmologic examination
included assessment of visual acuity, slit-lamp biomi-
croscopy, measurement of intraocular pressure, indirect
ophthalmoscopy, and ultrasonography if needed.

Microbiological analysis

Blood and abscess cavity fluid were subjected to cul-
ture of aerobic and anaerobic organisms using standard
techniques. All identified organisms were assumed to
play etiological roles.

Treatment of liver abscesses and endophthalmitis
The primary therapeutic modality was either percutane-
ous drainage or open surgery. If neither of these proce-
dures was performed, management featured (appropri-
ate) antibiotic therapy only. Intravenous and intravitreal
antibiotics were given on suspicion of EE. Pars plans
vitrectomy and/or evisceration were performed at the
discretion of treating ophthalmologists.

Ethics statement

The Institutional Review Board of Chonnam National
University Medical School approved the present study
(approval no. CNUH-2014-030).

Statistical analysis

The liver abscess-associated endogenous endophthal-
mitis (LAEE) and non-LAEE groups were compared.
Continuous variables (e.g., age) are expressed as means
+ standard deviations. Appropriate statistical tests (Stu-
dent ¢ test, Pearson chi-square test, or the Mann-Whit-
ney U test) were used to compare the baseline charac-
teristics of patients in the two groups. Factors that were
significant upon univariate logistic regression were
entered into stepwise multivariate logistic regression
to identify independently significant EE predictors. Sta-
tistical significance was accepted when the p < 0.05, or
equivalently, when the 95% confidence interval (CI) of
the odds ratio (OR) excluded unity. Statistical analyses
were performed using SPSS version 20.0 (IBM Co., Ar-
monk, NY, USA).
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RESULTS

Patient characteristics

The characteristics of the 626 PLA patients (373 males,
50.6%; 253 females, 40.4%) are shown in Table 1. The
mean patient age was 62.8 + 13.6 years. Underlying con-
ditions included DM in 153 patients (24.4%), a history of
alcohol consumption in 206 (32.9%), biliary tract disease
in 210 (33.5%), a previous hepatobiliary procedure/oper-
ation in 138 (22%), and another systemic infection in 92
(14.7%). These latter infections were sepsis (n = 51, 8%);
and infections of the lung (n = 33, 5.2%), kidney (n = 12,
1.9%), brain (n = 2, 0.3%), abdominal cavity (n = 4, 0.6%),
and spine (n =1, 0.2%).

Of the 92 patients, eight had multiple metastatic in-
fections (five at two metastatic sites and three at three
such sites). Overall, 464 patients (74.1%) had right lobe
liver abscesses, 252 had (40.3%) left lobe abscesses, and
157 (25.1%) had multiple liver abscesses. Of the 626 pa-
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tients, 247 (39.5%) underwent percutaneous drainage,
five (0.8%) underwent surgical drainage, and 374 (59.7%)
received antibiotics only.

Of the 626 patients, 12 (1.92%) were diagnosed with
LAEE. The proportions of patients with a systemic in-
fection (p = 0.004), K. pneumoniae infection (p = 0.015),
an abscess in the right superior segment (p = 0.037), and
DM (p = 0.048) were all significantly higher in the LAEE

group.

Initial symptoms, management, and visual out-
comes of EE patients

The most common initial symptoms were blurred vi-
sion and ocular pain (Table 2). Ocular symptoms devel-
oped prior to the diagnosis of liver abscesses in eight
patients (66.7%). Initial visual problems were chemosis
only in one patient, ocular pain in two, blurred vision
in nine, and light perception only in one. The interval
between EE diagnosis and intravitreal antibiotic injec-

Table 1. Clinical characteristics of patients with pyogenic liver abscesses alone, compared to those with both abscesses and

liver abscess-associated endogenous endophthalmitis

Variable LAEE (n=12) Non-LAEE (n = 614) pvalue
Male sex 7(583) 366 (59.6) 1.000
Age, yr 6433 £14.04 62.78 £13.63 0.697
Underlying disease
Diabetes mellitus 6 (50) 147 (23.9) 0.048
Hepatobiliary procedure/operation 3(25) 135 (22) 1.000
Biliary tract disease 5 (41.7) 205 (33.4) 0.759
Alcohol consumption history 2(16.7) 204 (33.2) 0.651
Multiple liver abscesses, yes 4(30.0) 153 (24.4) 0.625
Right lobe abscess, yes 10 (83.3) 454 (73.9) 0.536
Left lobe abscess, yes 4 (33 3) 248 (40.4) 0.770
Abscess of right superior segment 0(83.3) 310 (50.5) 0.037
Klebsiella pneumoniae, yes 8(66.7) 195 (31.8) 0.015
Other systemic infection 6 (50.0) 86 (14.0) 0.004
Abscess size, cm 4.92 +2.61 5.77 + 2.74 0.288
White blood cell/mm? 14.50 = 8.95 12.92 + 6.15 0.556
Platelet/mm? 181.5£190.99 219.32 +141.94 0364
Aspartate aminotransferase, U/L 241.67 +307.38 103.36 £300.62 0.205
Alanine aminotransferase, U/L 127.92 +127.59 86.23 +203.82 0.481
C-reactive protein, mg/dL 18.0+9.70 17.85 + 9.66 0.958

Values are presented as number (%) or mean + SD.

LAEE, liver abscess-associated endogenous endophthalmitis.
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tion/vitrectomy was less than 24 hours. Appropriate
systemic and intravitreal antibiotics were prescribed for
nine patients; the antibiotics included ceftazidime 2.25

Figure 1. (A) Abdominal computed tomography revealing a
4.5 x 6.7 x 5.8 cm liver abscess in the right hepatic dome of
a 73-year-old woman who presented with fever, chills, and
blurred vision. (B) Image of an eye with endophthalmitis.
Note pus accumulation in the anterior chamber (hypopyon)
associated with a cloudy cornea. (C) A B-scan orbital ultraso-
nogram revealed a dense vitreous solution of high opacity.
(D) Intravitreal tapping was performed and antibiotics were
injected through a 25-G Trocar cannula.

The Korean Journal of Internal Medicine Vol. 30, No. 4, July 2015

mg/o.1 mL and vancomycin 1 mgfo.1 mL (Fig. 1). Pars
plana vitrectomy was performed in three patients. Enu-
cleation or evisceration was performed to relieve pain
or infection in four. The final visual outcomes were no
light perception in seven patients, hand motion only in
three, and decreased visual acuity in two. Early intravit-
real antibiotic injection or vitrectomy preserved useful
vision. The details are shown in Table 2.

Risk factors for LAEE

Univariate logistic regression showed that the presence
of another systemic infection (OR, 6.13; p = 0.002), K.
pneumoniae infection (OR, 4.29; p = 0.018), an abscess in
the right superior segment (OR, 4.9; p = 0.041), and un-
derlying DM (OR, 3.17; p = 0.048) were significant risk
factors for EE in PLA patients.

Multivariate logistic regression confirmed that the
presence of another systemic infection (OR, 5.52; p =
0.005), an abscess in the right superior segment (OR,
5.26; p = 0.035), and K. pneumoniae infection (OR, 3.68; p =
0.039) were significant risk factors for LAEE in PLA pa-
tients (Table 3).

Table 2. Management of and visual outcomes in patients with liver abscess-associated endogenous endophthalmitis

Patient mo. Initial visual Interval -fr.om development of Management.o-f Visual
symptoms endophthalmitis to IVIa/vitrectomy, day endophthalmitis outcome

1 BV, OP NA Not done Blindness

2 BV <1 IVIa/vitrectomy HM

3 OP NA Evisceration Blindness

4 BV, OP NA Evisceration Blindness

5 BV <1 IVIa/vitrectomy HM

6 Chemosis NA Not done Blindness

7 BV, OP NA Evisceration Blindness

8 BV <1 IVIa/vitrectomy HM

9 BV <1 IVIa VA1.0

10 BV <1 IVIa Blindness

11 OP,LP(-) NA Evisceration Blindness

12 BV <1 IVIa VA o5

Patient no. 1 refused vitrectomy and evisceration. Patient no. 6 was in no condition to undergo aggressive ophthalmological
treatment; the patient was intubated. Thus, these two patients received only antibiotic-containing eyedrops.
BV, blurred vision; OP, ocular pain; NA, not available; IVIa, intravitreal injection of antibiotics; HM, hand motion; VA, visual

acuity; LP, light perception.
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Table 3. Univariate and multivariate logistic regression analyses of independent variables associated with liver abscess-associ-

ated endogenous endophthalmitis

Variable Odds ratio 95% Confidence interval pvalue
Univariate analysis
Other systemic infection 6.13 1.934-19.607 0.002
Klebsiella pneumoniae infection 4.29 1.278-14.492 0.018
Involvement of the right superior segment 4.9 1.066-22.727 0.041
Presence of diabetes mellitus 3.17 1.009-10.000 0.048
Multivariate analysis
Other systemic infection 5.52 1.697-18.181 0.005
Involvement of the right superior segment 5.26 1.123—25.000 0.035
K. pneumoniae infection 3.68 1.066-12.658 0.039

Microbiological analysis

The culture rate from abscess pockets of the non-LAEE
group was 66.4% (146/220) and that of the LAEE group
was 66.7% (6/9). The blood culture rate in the non-LAEE
group was 30.4% (175/575) and that in the LAEE group was
27.3% (3/11).

K. pneumoniae, Streptococcus species, and Enterococcus
species were the most common organisms in pus of both
groups. Bacteremia was evident in 174 patients (27.8%). K.
pneumoniae and Escherichia coli were the most commonly
isolated organisms from both groups. The culture rate
of K. pneumoniae from abscess pockets was 55.5% (121/218)
and that from blood was 21.7% (125/575).

DISCUSSION

An important novel finding of the present study is that
the presence of another systemic infection, an abscess in
the right superior segment, and K. pneumoniae infection
were all significantly associated with LAEE, facilitating
early prediction of EE development and allowing the
visual outcomes of patients with PLA to be partly pre-
served.

The prevalence of EE in PLA patients of the present
study was 1.92%, comparable to the values of previous
studies (0.84% to 6.9%) [6,9]. One large population-based
study that explored the epidemiological association be-
tween PLA and EE found that about 0.84% of PLA pa-
tients developed EE during a 1-year follow-up period

http://dx.doi.org/10.3904/kjim.2015.30.4.453

[9]. EE is generally uncommon, but is the most frequent
serious septic complication of PLA [7], and the outcome
is usually dismal. Despite early diagnosis of EE in PLA
patients, visual outcomes are generally poor. However,
useful vision can be preserved in patients treated with
intravitreal antibiotic injections or vitrectomy. The al-
ternative is legal blindness.

Consistent with the results of previous studies [13,14],
K. pneumoniae was the bacterium most commonly iso-
lated from pus and blood. Fifty percent of patients with
LAEE were infected with K. pneumoniae; endogenous K.
pneumoniae endophthalmitis is the most common met-
astatic infection from a K. pneumoniae liver abscess [15],
which has emerged as the most common pathogen of
liver abscesses in Taiwan [4,13]. KLAs are becoming more
common in other countries of southeast Asia, includ-
ing Korea, Singapore, Japan, and Thailand, and they
constitute an emerging infectious disease in the United
States and elsewhere worldwide [16,17]. The frequency
of K. pneumoniae culture was lower in the present study
than in previous works [18], but it is possible that some
patients underwent antibiotic therapy at other facilities
prior to transfer to our tertiary referral center.

DM and K. pneumoniae infection have been reported
to be independent risk factors for the development of
EE in PLA patients [8]. Consistent with the data of other
studies, we found that DM and the K. pneumoniae infec-
tion rate were significantly higher in the LAEE group.
Although DM and K. pneumoniae infection (in particu-
lar, infection by serotype K1) have previously been sug-
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gested to Dbe risk factors for EE development in PLA
patients, the detailed mechanisms remain unclear. The
virulence of the Ki strain is enhanced by production of
a mucoviscous exopolysaccharide web that exhibits hy-
per-mucoviscosity, high-level resistance to phagocyto-
sis by macrophages and neutrophils, and resistance to
complement deposition [19,20]. In addition, diabetes in-
terferes with chemotaxis by polymorphonuclear leuko-
cytes and impairs phagocytosis of K. pneumoniae strains
of capsular serotype K1 or K2 in patients with poor gly-
cemic control [21]. However, although we found that K.
pneumoniae infection was a risk factor for LAEE, as did
previous studies [7], DM was not significantly associated
with LAEE in the present study.

This is the first study to show that the presence of an-
other systemic infection and an abscess in the right su-
perior segment are significantly associated with LAEE.
Such clinical features may aid in the early diagnosis of’
LAEE; unfortunately, K. pneumoniae cultures grow rather
slowly. Systemic infection is considered characteristic of
liver abscesses caused by K. pneumonias of serotype Ki,
and such abscesses are a well-known risk factor for EE
[3]- It is possible that the observed systemic infections
are propagated via the inferior vena cava (IVC); the right
superior segment is anatomically close to the IVC and
the hepatic vein of the right superior segment and the
IVC are obtusely angled. Our results thus suggest that
the risk of EE development should be considered in PLA
patients with other systemic infections and abscesses of
the right superior segment. Physicians should be alert
to the possible development of EE when a PLA patient
with these risk factors complains of ocular symptoms.

Our study had certain limitations. First, we retrospec-
tively analyzed data collected in a single center; therefore,
our results may be inapplicable to other patient popu-
lations. Second, our sample sizes were small, especially
that of the LAEE group, making it difficult to effectively
compare outcomes between the two groups. Third, we
did not perform K. pneumoniae genotypic analysis (for
example, we did not search for the Ki strain). Fourth,
the frequency of K. pneumoniae culture in the present
study was lower than those of previous studies. Larger
prospective studies are required to confirm the transla-
tional utility and applicability of our findings.

In conclusion, the prevalence of EE in patients with
PLA was 1.92%. PLA patients with other systemic infec-
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tions, abscesses in the right superior segment, and K
pneumoniae infections require close monitoring and ear-
ly intervention to treat LAEE. Prompt intervention such
as intravitreal antibiotic injection or early vitrectomy
may salvage useful vision.

KEY MESSAGE

1. The prevalence of endogenous endophthalmi-
tis in patients with pyogenic liver abscesses is
1.92%.

2. The presence of another systemic infection,
an abscess in the right superior segment, and
Klebsiella pneumoniae infection were significant
risk factors for the development of endogenous
endophthalmitis in patients with pyogenic liver
abscesses.

3. Prompt intervention including intravitreal anti-
biotic injections or early vitrectomy may salvage
useful vision in patients with endogenous en-
dophthalmitis.
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