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A B S T R A C T

Background: Cyst infection may occur in autosomal 
dominant polycystic kidney disease (ADPKD) 
and autosomal dominant polycystic liver disease (ADPLD). 
Antimicrobial agents often fail to control infection, leading 
to invasive action. We aimed to identify factors predicting 
escalation of care. 
Methods: ADPKD and ADPLD patients were identified 
from local/national databases (2001-2013). Records were 
screened for patients meeting criteria for cyst infection 
(positive cyst aspirate and/or clinical findings). Factors 
that predict escalated care were identified with multivariate 
modified Poisson regression. 
Results: We screened 1773 patients. A total of 77 patients 
with cyst infection (4.3%) were included for analysis 
(hepatic 36%; male 49%; age 54 ± 13 years; ADPKD 
95%; dialysis 9%, diabetes 18%, renal transplant 56%, 
eGFR [IQR 24-78] ml/min/1.73 m2 (excluding patients 
with a history of renal transplant or receiving dialysis)). 
A pathogen was identified in 71% of cases. Escherichia coli 

was the most common pathogen and accounted for 69% 
of cases. Initial treatment was limited to antibiotics in 
87% of patients (n = 67), 40% included a fluoroquinolone. 
Ultimately, 48% of patients underwent some form of 
invasive action (escalation of care). Increasing white blood 
cell count (WBC) (RR 1.04 95%-CI 1.01-1.07, p = 0.008) 
was associated with escalating care, whereas an increase 
in time between transplant and infection (RR 0.92 95% 
CI 0.86-0.97, p = 0.005) and E. coli isolation (RR 0.55 95% 
CI 0.34-0.89, p = 0.02) were protective.

Conclusion: High serum WBC, isolation of atypical 
pathogens and early infection after transplantation are 
factors that increase the risk of escalation of care in hepatic 
and renal cyst infection patients.
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I N T R O D U C T I O N

Cyst infection may occur as a complication in 
autosomal dominant polycystic kidney disease (ADPKD) 
and autosomal dominant polycystic liver disease (ADPLD) 
and results in considerable morbidity and mortality.1,2 
Cyst infections are thought to arise from haematogenous 
spread of translocated gut bacteria (hepatic cyst 
infection) or ascending urinary tract infection (renal cyst 
infection).3 Escherichia coli is the most frequently isolated 
microorganism in both hepatic and renal cyst infection.4 
Diagnosing cyst infection may be difficult as a definite 
diagnosis can only be made upon presence of cyst aspirate 
with inflammatory cells and bacteria.5 In most cases, a cyst 
aspirate is not routinely taken. Therefore, physicians are 
likely to make clinical decisions using a mix of clinical, 
biochemical and imaging findings,6 which led to the 
development of several diagnostic algorithms for patients 
in whom cyst infection is suspected.7,8 
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The first line of treatment of cyst infection consists of 
antibiotics. There is no evidence base for the choice of 
antibiotic therapy. Fluoroquinolones are traditionally 
selected due to their favourable pharmacokinetic properties 
as ciprofloxacin readily diffuses in hepatic and renal 
cysts.9,10 However, antibiotics often fail to control the 
infection. This leads to frequent switching between 
antibiotic classes and ultimately to invasive action in an 
attempt to control the infection.11 
We hypothesise that patient-related and clinical 
factors (age, gender, serum inflammation parameters, 
comorbidities, history of solid organ transplantation) 
modify the risk for additional invasive measures that are 
required to control the infection.12 The aim of the present 
study was to investigate factors that predict escalation of 
care in a nationwide cohort of 77 patients who developed 
cyst infection.

M A T E R I A L S  A N D  M E T H O D S

Ethical consideration
This study did not require formal review by the 
Institutional Review Board (IRB) after study protocol 
evaluation by the local IRB (CMO Radboud University 
Medical Center Nijmegen, registration number 2013/299).

Study design 
We established a multicentre retrospective cohort of 
patients who were diagnosed with cyst infection. Patients 
were enrolled at four tertiary referral centres in the 
Netherlands which participated in the DIPAK-1 Study. 
This cohort study is reported in accordance with the 
Strengthening The Reporting of OBservational studies 
in Epidemiology (STROBE) statement (supplementary 

table 1*).13 

Setting and participants
We identified ADPKD and ADPLD patients through 
inspection of a number of local and national databases. 
The local databases are established because of financial 
reimbursement systems that register the diagnosis 
of patients using general Diagnosis Treatment 
Combinations (DTCs). The national database consisted 
of RENINE (Registration Renal Replacement Therapy the 
Netherlands), a Dutch foundation that registers all renal 
transplant recipients in the Netherlands. The DIPAK-1 
Study group is an investigator-driven, multicentre, open 
label, randomised controlled trial, planned to enrol 
300 individuals who are aged 18-60 years, with an 
estimated glomerular filtration rate (eGFR) of 30-60 ml/
min/1.73m2.14

We included ADPKD and ADPLD patients diagnosed 
with either hepatic or renal cyst infection. We diagnosed 

cyst infection in case of a positive cyst aspirate (white 
blood cells and bacteria) or when cyst infection was 
considered by the individual physician to be stated in the 
medical record in the combined presence of: 1) serum 
C-reactive protein (CRP) > 50 mg/l, 2) body temperature 
≥ 38.5°C and 3) abdominal pain.6,15 Medical records were 
screened for patients who met the inclusion criteria for cyst 
infection. We excluded patients if: a) cyst infection was a 
complication of aspiration sclerotherapy, b) the site of cyst 
infection was not documented, c) data on initial treatment 
were incomplete or d) ADPLD or ADPKD was not reported 
in the medical chart. 

Variables
We extracted patient demographics and clinical variables 
at the time of cyst infection from medical records into 
an electronic database. The variables identified included 
gender, age at cyst infection, type of polycystic disease, site 
of cyst infection, peak serum CRP, peak serum white blood 
cell count (WBC), peak estimated glomerular filtration rate 
(eGFR), microbiological culture results (urine, blood and 
cyst aspirate), initial treatment, initial antibiotic treatment, 
treatment duration and details on invasive treatment. 
We also collected data on comorbidities including history 
of solid organ transplant, interval between solid organ 
transplant and cyst infection, dialysis, diabetes mellitus 
and immunosuppressive therapy. Definitions of variables 
are discussed in more detail in supplementary table 2. 

Outcomes
We defined any procedure that aimed to breach the wall of 
the infected cyst, either through percutaneous access or 
surgery as escalation of care. 

Multiple imputation
We used multiple imputation to account for missing data. 
We limited imputation of missing variables to patients in 
whom the outcome was available.16 Multiple imputation 
relies on the assumption that data are missing at random, 
which implicates that the probability that a specific variable 
is missing depends on the other variables that are available 
for that patient (i.e. other observed patient characteristics).17 
Literature suggests to impute at least 40 times to allow 
accurate estimation of missing variables.16 

Analysis
We performed all statistical analyses using SPSS statistical 
software package version 22 (SPSS Inc., Chicago, IL). 
Chi-square test was used for dichotomous data, Student 
t-test for parametric data and Mann-Whitney U test for 
non-parametric data. All tests were two-tailed and a p value 
of < 0.05 was considered statistically significant.
As the expected incidences of the outcomes investigated 
in this study were high, we calculated adjusted risk ratios 
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to avoid any possible misinterpretation of odds ratios (OR) 
as risk ratios (RR).18 We selected Poisson regression as an 
alternative for binary logistic regression to obtain adjusted 
RR instead of OR.19 To correct for the use of binary 
outcomes, we used a robust error variance procedure to 
correct for the incorrect assumption of Poisson distributed 
outcomes.20 
Variables with a p value of < 0.2 in univariate analysis were 
included in the multivariate modified Poisson regression 
model with manual backward elimination of non-significant 
variables. A p value of < 0.05 was considered to be statistically 
significant. We performed univariate and multivariate 
analyses on both the original and imputed datasets.

R E S U L T S

Cyst infection patients
We identified 1773 polycystic disease patients in four 
Dutch tertiary referral centres (figure 1). We examined 174 
patients (9.8%) for eligibility and 86 (4.9%) had developed 
hepatic or renal cyst infection in or after 2001. Patients 
were excluded if the infection developed following 
aspiration sclerotherapy (n = 1), infection location was 
unknown (n = 2), data on initial treatment were missing 
(n = 3) or polycystic disease was absent (n = 3). Ultimately, 
we included 77 cyst infection patients (4.3%) for analysis. 

Figure 1. Number of patients at each stage of the study

Radboudumc = Radboud University Medical Center; UMCG = University Medical Center Groningen; LUMC = Leiden University Medical Center; 
Erasmus MC = Erasmus Medical Center Rotterdam; ADPKD = autosomal dominant polycystic kidney disease; ADPLD = autosomal dominant polycystic 
liver disease; n = number
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Patient demographics
Table 1 shows characteristics of the included patients with 
cyst infection (n = 77). Almost all patients suffered from 
ADPKD (95%). Of these patients, 49% were male and 
the average age at infection was 54 years. Hepatic cyst 
infection was diagnosed in 28 patients (36%), whereas 

49 patients (64%) were diagnosed with a renal cyst 
infection. Diabetes mellitus was frequent (18%) and 56% 
of patients with cyst infection had a history of solid 
organ transplantation (all kidney transplant recipients). 
The median interval between transplantation and cyst 
infection was four years.

Table 1. Characteristics extracted from medical records of cyst infection patients

Characteristic Total 
(n = 77)

Missing (n)

Male, n (%) 38 (49)

Age at cyst infection, years (± SD) 54 ± 13

Type of polycystic disease, n (%)

-  ADPKD 73 (95)

-  ADPLD 4 (5)

Site of cyst infection, n (%)

-  Liver 28 (36)

-  Kidney 49 (64)

Diabetes mellitus, n (%) 14 (18)

Dialysis, n (%) 7 (9)

Solid organ transplant, n (%)a 43 (56)

-  Interval solid organ transplant and cyst infection, years [IQR] 4 [1-10]

Immunosuppressive drug use, n (%) 44 (57)

Peak serum CRP, mg/l [IQR] 215 [123-283] 1

Peak serum WBC, x109/l [IQR] 11.6 [8.3-15.7] 1

Peak eGFR, ml/min/1.73m2 [IQR]b 6

-  MDRD 50 [24-78]

-  CKD-EPI 57 [26-87]

Positive microbiological culture, n (%)c 55 (71)

-  Hepatic cyst infection patients 23 (82)

-  Renal cyst infection patients 32 (65)

Atypical pathogen cultured (other than E. coli), n (%) 24 (31) 3

Initial treatment

-  Limited to antibiotics, n (%)d 67 (87)

-  Containing fluoroquinolone, n (%) 27 (40) 1

-  Duration, days [IQR] 8 [4-39] 6

Follow-up, years [IQR] 2 [1-5]

Parametric variables are expressed as mean ± SD. Non-parametric variables are expressed as median [IQR]. Percentages may not add up to 100 due to 
rounding. 
n = number; SD = standard deviation; IQR = interquartile range; ADPKD = autosomal dominant polycystic kidney disease; ADPLD = autosomal 
dominant polycystic liver disease; CRP = C-reactive protein; WBC = white blood cell count; MDRD = modification of diet in renal disease; CKD-epi = 
Chronic Kidney Disease Epidemiology Collaboration; E.coli = Escherichia coli; N/A = not applicable.
a All involved kidney transplantations.
b Excluding patients with a history of renal transplant or actively receiving dialysis.
c Supplementary table 4 provides an overview of isolated pathogens.
d Table 2 provides an overview of antibiotic regimens.
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Follow-up
Median time of follow-up was two years [IQR 1-5 years]. 
Follow-up duration was similar between hepatic and renal 
cyst infection patients (1 year [IQR 0-5 years] vs. 3 years 
[IQR 1-6 years], p = 0.06) (supplementary table 3).

Characteristics at time of diagnosis
Peak serum CRP and white blood cell count were clearly 
raised, reaching a median level of 215 mg/l (upper limit 
of normal (ULN): < 10 mg/l) and 11.6 x 109/l (ULN: 
< 11  x 109/l), respectively. In most patients renal function 
was estimated to be mildly impaired (MDRD: 50 ml/
min/1.73 m2, CKD-epi: 57 ml/min/1.73 m2). E. coli was 
isolated in most urine (57%) and blood (66%) cultures 
(supplementary table 4). A substantial proportion of cultures 
returned alternative pathogens. 

Treatment characteristics
Initial treatment was limited to the use of antibiotics in 
87% (n = 67) of cyst infection patients; the remainder 
of the patients received antibiotics in combination 
with invasive treatment. Some 40% (n = 67) received a 
fluoroquinolone antibiotic, either as mono or combination 
antibiotic treatment (table 1). The median duration of initial 
treatment was eight days. Table 2 provides an overview of 
all antibiotics given as initial treatment.

Differences between hepatic and renal cyst infection 
patients
Characteristics of hepatic and renal cyst infection 
patients were comparable, except for age (58 years ± 10 vs. 
51 years ± 14, p = 0.02) and peak serum WBC (9.4 x 109/l 
[IQR 7.8-12.3] vs. 12.8 x 109/l [IQR 9.2-18.5], p = 0.007) 
(supplementary table 3).

Escalation of care during follow-up
In 48% of patients (n = 32) escalation of care occurred 
(table 3, supplementary table 5). The peak serum WBC 
appeared to be significantly higher in these patients (12.5 x 
109/l [IQR 9.1-18.5] vs. 10.9 x 109/l [IQR 8.3-13.8], p = 0.01). 
Furthermore, atypical pathogens were more frequent 
(47% vs. 21%, p = 0.01). In contrast, the interval between 
transplantation and cyst infection was significantly shorter 
in patients receiving invasive treatment compared with 
those who did not (3 years [IQR 0-8] vs. 9 years [IQR 1-14], 
p = 0.03). Follow-up duration was comparable between 
patients regardless of escalation of care (2 years [IQR 1-6] 
vs. 2 years [IQR 1-5], p = 0.61). 

Predictors for escalation of care
Selected variables (p value < 0.2 in univariate analysis) 
were entered into the multivariate model (table 4). Multiple 
imputation had no effect on the selection of predictors 
(supplementary table 6). Exclusive isolation of E. coli 

decreased the risk for escalation of care (RR 0.55, 95% CI 
0.34-0.89, p = 0.02) (figure 2). In contrast, if peak serum 
WBC increased or the interval between transplantation 
and cyst infection decreased, patients were more likely 
to be exposed to escalation of care (RR 1.04, 95% CI 

Table 2. Antibiotic regimens in patients with initial 
treatment limited to antibiotics

Antibiotic regimen Initial cyst infection 
treatment limited to 
antibiotics (n = 67)

Monotherapy, n (%) 56 (84)

Fluoroquinolones, n (%) 26 (46)

-  Ciprofloxacin, % 100

Cephalosporins, n (%) 16 (29)

2nd generation

-  Cefuroxime, % 56

3rd generation

-  Ceftriaxone, % 19

-  Ceftazidime, % 19

-  Cefotaxime, % 6

Penicillin, n (%) 9 (16)

-  Amoxicillin/clavulanic acid, % 78

-  Amoxicillin, % 11

-  Piperacillin/tazobactam, % 11

Carbapenems, n (%) 3 (5)

-  Meropenem, % 100

Glycopeptides, n (%) 1 (2)

-  Vancomycin, % 100

Sulphonamides, n (%) 1 (2)

-  Trimethoprim/sulfamethoxazole, % 100

Combination therapy, n (%) 10 (15)

-  Cefuroxime + gentamicin, % 20

-  Cefuroxime + tobramycin, % 20

-  Cefuroxime + metronidazole, % 10

-  Cefazolin + metronidazole, % 10

-  Amoxicillin + teicoplanin, % 10

-  Ceftazidime + vancomycin, % 10

-  Ciprofloxacin + gentamicin, % 10

-  Flucloxacillin + ceftazidime, % 10

Missing, n (%) 1 (1)

Percentages may not add up to 100 due to rounding.
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Table 3. Univariate modified Poisson regression to identify predictors for escalation of care during follow-up. 

Variable Original dataset Imputed datasets

Conservative 
(n = 45)

Escalated care
(n = 32)a

P
value

P
value

Gender, n (%)

-  Male 21 (47) 17 (53) 0.58 0.58

-  Female (referent) 24 (53) 15 (47)

Age at cyst infection, years (± SD) 51 ± 13 57 ± 13 0.06 0.06

Type of polycystic disease, n (%)

-  ADPLD 2 (4) 2 (6) 0.71 0.71

-  ADPKD (referent) 43 (96) 30 (94)

Site of cyst infection, n (%)

-  Liver 18 (40) 10 (31) 0.44 0.44

-  Kidney (referent) 27 (60) 22 (69)

Diabetes mellitus, n (%)

-  No 37 (82) 26 (81) 0.91 0.91

-  Yes (referent) 8 (18) 6 (19)

Dialysis, n (%)

-  No 41 (91) 29 (91) 0.94 0.94

-  Yes (referent) 4 (9) 3 (9)

Solid organ transplant, n (%)b

-  No 22 (49) 12 (38) 0.33 0.33

-  Yes (referent) 23 (51) 20 (62)

Interval solid organ transplant and cyst infection, years 
[IQR]

9 [1-14] 3 [0-8] 0.02 0.03

Immunosuppressive drug use, n (%)

-  No 22 (49) 11 (34) 0.22 0.22

-  Yes (referent) 23 (51) 21 (66)

Peak serum CRP, mg/l [IQR] 194 [126-269] 228 [122-306] 0.22 0.32

Peak serum WBC, x109/l [IQR] 10.9 [8.3-13.8] 12.5 [9.1-18.5] 0.002 0.01

Peak eGFR, ml/min/1.73m2 [IQR] c

-  MDRD 45 [27-71] 66 [17-88] 0.56 0.55

-  CKD-EPI 52 [28-81] 70 [17-95] 0.65 0.67

Atypical pathogen cultured, n (%) 

-  No 33 (79) 17 (53) 0.02 0.01

-  Yes (referent) 9 (21) 15 (47)

Initial antibiotic treatment containing fluoroquinolone, n (%)

-  No 26 (58) 16 (53) 0.70 0.68

-  Yes (referent) 19 (42) 14 (47)

Duration initial antibiotic treatment, days [IQR] 9 [5-42] 7 [4-39] 0.55 0.70

Follow-up, years 2 [1-6] 2 [1-5] 0.61 0.61

Percentages may not add up to 100 due to rounding.
CI = confidence interval; ADPKD = autosomal dominant polycystic kidney disease = ADPLD = autosomal dominant polycystic liver disease; CRP = C-reactive 
protein; WBC = white blood cell count; MDRD = modification of diet in renal disease; CKD-epi = Chronic Kidney Disease Epidemiology Collaboration.
a Supplementary table 5 shows details on escalated care.
b All involved kidney transplants.
c Excluding patients with history of renal transplant or actively receiving dialysis.
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1.01-1.07, p = 0.008 and RR 0.92, 95% CI 0.86-0.97, p = 
0.005, respectively). Age at cyst infection was discarded in 
the final model. In contrast to the imputed datasets, the 
presence or absence of atypical pathogens did not predict 
escalation of care in the final model using the original 
dataset (supplementary table 7).

D I S C U S S I O N

The key finding of our multicentre retrospective cohort 
study is that increasing serum WBC, isolation of pathogens 
other than E. coli and a shorter transplant-infection 

interval increases the risk for escalating care to the point 
of puncture or operation of the cyst. 
We identified several factors in our cohort that increase 
the risk for treatment escalation. Previous studies on cyst 
infection involved single-centre cohort studies and focused 
on the clinical, microbiological and imaging aspects 
of cyst infection. None specifically investigated factors 
that influence the need for invasive treatment.3,4,15,21-23 In 
this study we found that patients with a longer interval 
between solid organ transplantation and development of 
cyst infection were less likely to be exposed to escalation 
of care. This observation might be explained by a reduced 
need for immunosuppressive drugs in patients who are 

Table 4. Multivariate modified Poisson regression to identify predictors for escalation of care during follow-up 
(imputed datasets).

Variable Poisson model before backward elimination 
of non-significant variables

Poisson model after backward elimination of 
non-significant variables

Multivariate adjusted risk ratio 
(95% CI)

P
value

Multivariate adjusted risk ratio 
(95% CI)

P
value

Age at cyst infection (years) 1.02 (0.99-1.04) 0.14

Interval solid organ transplant and 
cyst infection (years)

0.92 (0.87-0.97) 0.003 0.92 (0.86-0.97) 0.005

Peak serum WBC (x109/l) 1.04 (1.01-1.07) 0.006 1.04 (1.01-1.07) 0.008

Atypical pathogen cultured 

-  No 0.63 (0.39-0.99) 0.05 0.55 (0.34-0.89) 0.02

-  Yes (referent)

CI = confidence interval; WBC = white blood cell count.

Figure 2. Rate of escalation of care according to (A) cultured pathogen, (B) peak serum white blood cell count and 
(C) interval between solid organ transplant and cyst infection

WBC = white blood cell count; SOT = solid organ transplant
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clinically stable.24,25 This could explain the observation 
that these patients are more capable of clearing the 
infection. Alternatively, the early period after solid organ 
transplantation could warrant a more aggressive (i.e. 
invasive) approach to cyst infection to benefit the outcome 
of transplanted allografts.26,27 
Increasing serum WBC and isolation of atypical pathogens 
both independently increase the risk for treatment 
escalation. Serum WBC reflects infection severity. In a 
study investigating acute pyelonephritis, a severe increase 
in serum WBC predicted clinical failure.28 E. coli is isolated 
in most cases of cyst infection.6 In the presence of an 
alternative pathogen, treatment limited to antibiotics could 
be less effective as successful eradication of alternative 
bacteria might be more challenging. Two systematic 
reviews on the management of hepatic and renal cyst 
infection, respectively, show that in case an alternative 
micro-organism is isolated (e.g. Enterococcus faecium), 
escalation of care is more likely.11,29

In patients with high serum WBC, isolation of atypical 
pathogens or a history of solid organ transplantation, 
the risk of failing conventional antibiotic treatment 
increases. Given these results, it is reasonable to consider 
alternative treatment options such as percutaneous cyst 
drainage, (partial) resection or even kidney and/or liver 
transplantation. 
The main strength of this study comes with its size as we 
identified ADPKD and ADPLD patients who developed 
hepatic or renal cyst infection in four Dutch tertiary 
referral centres. This approach, combined with the use 
of broad inclusion criteria, enhances the generalisability 
of our findings. A potential limitation is the retrospective 
nature of our study and use of data not primarily intended 
for study purposes. This resulted in the potential exclusion 
of a large proportion of patients who did have cyst infection 
but did not meet the inclusion criteria due to missing data. 
We used multiple imputation to correct for missing data 
and, as such, reduced bias and loss of power. Moreover, 
the modified Poisson regression model is very reliable 
even in relatively small sample sizes.20 We did not include 
total liver volume and total kidney volume as predictors. 
A recent study showed that infectious complications in 
ADPKD do not correlate with the total liver volume;30 it 
remains unclear whether total kidney volume predicts 
cyst infection outcome. Finally, we combined patients 
with hepatic and renal cyst infection. Univariate analysis 
showed an imbalance for age and peak serum WBC 
(supplementary table 5). We hypothesised that its effect on 
the outcome would be limited as both covariates have a 
theoretical effect on the outcomes in both hepatic and renal 
cyst infection patients. We corrected for this by including 
these covariates in the multivariate model. Moreover, 

adding the site of cyst infection to the final multivariate 
model had no significant effect (supplementary table 8). 
To conclude, we show that high serum WBC, presence 
of pathogens other than E. coli and early infection after 
transplantation predict the need for change to invasive 
procedures. 

*The supplementary material is available on request from 
the editorial office (marina@alphatekst.nl).
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