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Purpose: Short bowel syndrome (SBS) is a serious rare disorder that is usually managed with
parenteral nutrition. Central venous catheter (CVC)-related complications are known to occur,
but their incidence rates (IRs) in Japan are unknown. The aim of this study was to estimate
the incidence of complications in Japanese patients with CVCs, including patients with SBS
using CVCs.

Patients and methods: A retrospective cohort study in 64,817 patients with CVCs, including
81 patients with SBS, between April 2008 and October 2016 using a claims database in Japan
was conducted. IRs of complications were calculated as total events divided by total catheter-
days among all patients with CVCs and among patients with SBS.

Results: The majority (>90%) of patients in the CVC and SBS cohorts were =18 years old.
Opverall, IRs of any type of complication were numerically higher in patients with SBS compared
with all patients with CVCs (2.68 vs 1.95 cases per 1,000 catheter-days, respectively). Among
patients with SBS, septicemia, infection, and inflammatory reaction were the only complica-
tions observed. The complications with the highest incidence were catheter-related bloodstream
infections (CRBSIs) in both the overall CVC cohort and the SBS cohort with IRs of 1.35 and
2.68 cases per 1,000 catheter-days, respectively. The IR of any CVC-related complication was
numerically higher in patients with SBS with cancer vs without cancer (3.44 vs 1.86 cases per
1,000 catheter-days, respectively).

Conclusion: Our study quantifies the incidence of complications in patients with CVCs,
including those with SBS, in Japan.
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Introduction

Short bowel syndrome (SBS) is a serious rare condition that not only results from
massive surgical resection but also can be caused by a congenital defect or disease-
associated loss of absorption. Clinically, it is characterized by the inability to main-
tain protein energy, fluid, electrolyte, or micronutrient balances on a conventionally
accepted, normal diet.! In infants, common causes of SBS include necrotizing entero-
colitis, midgut volvulus, intestinal atresia, and gastroschisis.? In adults, common causes
of SBS include unanticipated complications following surgery, cancer, mesenteric
vascular disease, and Crohn’s disease.’ The prevalence of SBS is unknown in most
countries. Older estimates suggest two to three cases per million in Europe;*” however,
estimates can vary widely between countries. For example, in Sweden, prevalence
is estimated to be 44 people per million.® The prevalence and incidence of SBS are
unknown for the Japanese population and have not been estimated.
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Because SBS can lead to malnutrition and dehydration,
parenteral support (PS: parenteral nutrition and/or intrave-
nous fluids) is the accepted life-sustaining standard of care for
this condition.’ Despite the availability of treatment, survival
rates for SBS have been shown to decline over time,'*!! which
may, in part, be due to central venous catheter (CVC)-related
complications.'? The aim of this study was to determine the
incidence rate (IR) of CVC-related complications among all
patients with CVCs and among patients with SBS in Japan.

Patients and methods

We conducted a retrospective cohort study to estimate the
IRs of complications in patients with CVC insertions in
Japan. Data were obtained from the Medical Data Vision
(MDV) (Tokyo, Japan) database,'>!* which is a hospital
claims database containing medical records and claims data
of more than 14.4 million patients, representing more than
10% of the Japanese population. Because this study only
used de-identified data, approval from an institutional review
board or ethics committee was not necessary for the conduct
of this study.

Study population

Patients were identified in the database with at least one
record of CVC insertion between April 2008 and October
2016. The index date was defined as the first CVC inser-
tion. Patients were required to have at least one inpatient
or outpatient (ie, outpatient services received in hospitals
covered by MDV) record in the 180-day period before the
index date. Patients with catheter-related complications or
hemodialysis catheter insertion in the 180-day pre-index
period were excluded from the study. The SBS cohort was
defined as patients having at least one diagnosis of SBS
before the index date and evidence of PS. SBS was identified
in the database using the Japanese disease code for short
gut syndrome. Two subcohorts were identified: patients
with SBS with at least one malignant neoplasm diagnosis
(SBS cancer) and patients with SBS without any diagnosis
of malignant neoplasm (SBS no cancer) before the index
date (Figure 1).

IR estimates

Patients were followed from the index date until the earliest
of the following: the onset of a complication of interest, CVC
removal (last CVC injection after the first CVC insertion
but before any subsequent CVC insertions), or the last date
of activity in the MDV database. In patients with multiple
catheter insertion records, only the first qualifying insertion

record was counted as the index date for the calculation of
the IR of study outcomes (ie, subsequent CVC insertion after
the first observed one was not counted for the device time).

Definitions

Complications of interest included intracranial hemor-
rhage; unspecified hemorrhage; hemorrhage complicating
a procedure; arterial embolism and thrombosis; phlebitis
and thrombophlebitis; pulmonary embolism and infarction;
occlusion and stenosis of precerebral arteries; occlusion of
cerebral arteries; transient cerebral ischemia; septicemia;
bacteremia; infection and inflammatory reaction due to
other internal vascular device, implant, and/or graft; and
mechanical complication of other vascular device, implant,
and/or graft.

A list of ICD, ninth revision, codes of the complications
was obtained from a published claims study in the USA.* The
corresponding ICD-10 codes were then identified and trans-
lated to the Japan disease codes. Because the Japan coding
system was more detailed than the ICD-10 coding system, the
disease codes were further screened to exclude the codes that
were not relevant to the diagnosis of interest. The first or only
occurrence of any of the above mentioned complications was
defined as an outcome and used for the IR calculation of the
“any complication” category. In patients with >1 complication
of the same type, the first occurrence of that complication was
included in the IR calculation for specific types of events. In
patients with multiple complication events of different types,
the first occurrence of each distinct complication was used
for the IR calculation of specific event types.

Statistical analyses

Because of the sample size, the study analysis was not suf-
ficiently powered to determine the statistical significance of
outcomes; therefore, we used descriptive analysis summarizes
the data. Patient characteristics at the time of the first CVC
insertion were summarized among patients in each cohort.
Baseline characteristics included age (with categories of 0—1,
2—-17, 18-64, and =65 years), sex, and duration of first cath-
eter placement (with time periods of <30, 30—<90, 90-179,
and 180-364 days).

IRs were calculated as the total number of complication
events that occurred within the defined catheter placement
period divided by the sum of the catheter-days at risk during
the period of catheter placement and expressed per 1,000
catheter-days. The 95% CI of the IR was calculated based on
normal approximation, under the assumption that the number
of events follows a Poisson distribution for the overall CVC
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record of CVC insertion? observed in the MDV data (information on medical treatment);
the date of the first observed CVC insertion was defined as the index date
N=240,446

v

First observed IP or OP activity 2180 days before the index date
n=95,953

v

21 IP or OP activity in the 180-day period before the index date
n=92,207

v

No diagnosis for catheter-related complications® in the 180-day period before the index date
n=65,402

v

No record of a hemodialysis catheter insertion® in the 180-day period before the index date
n=64,817

v

CVC cohort
n=64,817

v

SBS cohort!
n=81

A

A

SBS cancer cohort®
n=40

SBS no-cancer cohortf
n=41

Figure | Flowchart of sample selection.

Notes: *CVC insertion was identified via Kubun codes G005-2 or Ké18. ®*Complications were identified via ICD-9-CM codes (mapped to ICD-10 codes)'® ‘Hemodialysis
catheter insertion was identified via Kubun code K610-3. “The SBS cohort was defined as having I diagnosis of SBS before the index date and having received parenteral
nutrition after the last diagnosis of SBS. “The SBS cancer cohort was defined as having > diagnosis of malignant neoplasm before the index date. ‘The SBS no-cancer cohort

was defined as having no diagnosis of malignant neoplasm before the index date.

Abbreviations: CVC, central venous catheter; ICD-9-CM, ICD, ninth revision, clinical modification; ICD-10, ICD, tenth revision; IP, inpatient; MDV, Medical Data Vision;

OP, outpatient; SBS, short bowel syndrome.

cohort and the two subcohorts (patients with SBS with and
without a diagnosis of malignant neoplasm).

Results

Overall, 64,817 patients (mean * SD age, 73.7114.5 years;
male, 57.8%) were selected into the CVC cohort as summa-
rized in Table 1. Within the CVC cohort, 81 patients (age,
59.2421.1 years; men, 61.7%) had SBS and were placed in
the SBS cohort. Within the SBS cohort, 40 patients (age,
67.2114.7 years; men, 65.0%) were in the cancer cohort
and 41 (age, 51.51£23.6 years; men, 58.5%) were in the no-
cancer cohort. The mean duration of first catheter placement
was numerically lower in the CVC cohort compared with
the overall SBS cohort (16.9 vs 28.8 days). Within the SBS
cohort, mean duration of first catheter placement was slightly
higher in the cancer cohort compared with the no-cancer
cohort (30.8 vs 26.8 days).

IRs of complications are listed in Table 2. The IR (95%
CI) per 1,000 catheter-days for any type of complication was
1.95 (1.87, 2.03) cases for CVC patients overall and 2.68
(1.20, 5.97) cases for patients with SBS. Among patients
with SBS, the IR per 1,000 catheter-days for any complica-
tion was 3.44 (1.29, 9.16) cases in patients with cancer and
1.86 (0.47, 7.45) cases for the no-cancer cohort. Similar to
the rates for any complication, the incidence of septicemia
was 1.35 (1.28, 1.42) cases among CVC patients overall and
2.68 (1.20, 5.97) cases among patients with SBS. Within the
SBS cohort, IRs for septicemia were identical to the rates for
any complication in both the SBS cancer and SBS no-cancer
cohorts. In the CVC cohort, the IR of each of the remaining
complications of interest was <1.00 case per 1,000 catheter-
days, ranging between 0.005 (mechanical complication) and
0.18 (phlebitis and thrombophlebitis). No other complica-
tions were observed in the SBS no-cancer cohort, but an IR
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Table | Baseline characteristics®

CVC cohort SBS cohort
(N=64,817) Overall (n=81) Cancer (n=40) No cancer (n=41)
Age at the index date, years
Mean (SD) 73.7 (14.5) 59.2 (21.1) 67.2 (14.7) 51.5 (23.6)
Ql, median, Q3 67,76, 84 48, 65, 75 6l,69,79 37, 54, 67
Age range, years, n (%)
0-I 109 (0.2) 1(1.2) 0 (0.0) | (2.4)
2-17 392 (0.6) 4 (4.9) 0 (0.0) 4(9.8)
18-64 12,561 (19.4) 35 (43.2) 12 (30.0) 23 (56.1)
265 51,755 (79.8) 41 (50.6) 28 (70.0) 13 (31.7)
Male sex, n (%) 37,443 (57.8) 50 (61.7) 26 (65.0) 24 (58.5)
Duration of the first catheter placement, days®
Mean (SD) 16.9 (23.9) 28.8 (39.2) 30.8 (31.9) 26.8 (45.5)
QI, median, Q3 3, 11,22 8, 20, 34 9,22, 39 7,16, 31
Duration range, n (%)
<30 54,468 (84.0) 53 (65.4) 25 (62.5) 28 (68.3)
30-<90 9,430 (14.5) 23 (284) Il (27.5) 12 (29.3)
90-179 778 (1.2) 4 (4.9) 4 (10.0) 0 (0.0)
180-364 120 (0.2) 1(1.2) 0 (0.0) | (2.4)

Notes: “The baseline period was defined as the 180 days immediately preceding the index date. ®Duration of the first catheter placement was time from the first CVC
insertion (index date) to last injection before the second CVC insertion; gaps <30 days were allowed between the first CVC insertion and the first injection as well as two

consecutive injections.

Abbreviations: CVC, central venous catheter; QI, 25th percentile; Q3, 75th percentile; SBS, short bowel syndrome.

Table 2 IRs of complications®

Type of complication, Overall CVC SBS cohort

IR (95% CI) cohort Overall Cancer No cancer (n=41)
(N=64,817) (n=81) (n=40)

Any complication 1.95 (1.87, 2.03) 2.68 (1.20, 5.97) 3.44 (1.29,9.16) 1.86 (0.47, 7.45)

Septicemia 1.35 (1.28, 1.42) 2.68 (1.20, 5.97) 344 (1.29,9.16) 1.86 (0.47, 7.45)

Phlebitis and thrombophlebitis 0.18 (0.15, 0.20) 0.00 0.00 0.00

Infection and inflammatory reaction® 0.16 (0.14, 0.18) 0.43 (0.06, 3.05) 0.81 (0.11, 5.77) 0.00

Bacteremia 0.09 (0.08,0.11) 0.00 0.00 0.00

Arterial embolism and thrombosis 0.07 (0.05, 0.08) 0.00 0.00 0.00

Hemorrhage, unspecified 0.05 (0.04, 0.07) 0.00 0.00 0.00

Intracranial hemorrhage 0.04 (0.03, 0.05) 0.00 0.00 0.00

Pulmonary embolism and infarction 0.03 (0.02, 0.04) 0.00 0.00 0.00

Hemorrhage complicating a procedure 0.02 (0.02, 0.03) 0.00 0.00 0.00

Transient cerebral ischemia 0.02 (0.01, 0.03) 0.00 0.00 0.00

Occlusion of cerebral arteries 0.02 (0.01, 0.02) 0.00 0.00 0.00

Occlusion and stenosis of precerebral arteries 0.02 (0.01, 0.02) 0.00 0.00 0.00

Mechanical complication® 0.005 (0.00, 0.01) 0.00 0.00 0.00

Notes: “The number of complications per 1,000 catheter-days and 95% Cl were reported; days at risk for each complication were time from the first CVC insertion (index
date) to the complication or last injection before the second CVC insertion; gaps <30 days were allowed between the first CVC insertion and the first injection as well as
two consecutive injections. *Infection and inflammatory reaction includes reactions due to other internal vascular device, implant, and graft. “Mechanical complication includes

complications of other vascular device, implant, and graft.

Abbreviations: CVC, central venous catheter; IR, incidence rate; SBS, short bowel syndrome.

(95% CI) 0of 0.81 (0.11, 5.77) cases of infection and inflam-
matory reaction per 1,000 catheter-days was observed in the
SBS cancer cohort.

When stratified by age group, the IR for any complica-
tion and septicemia was 2.70 and 2.30 cases, respectively,
in CVC patients aged <18 years and 1.94 and 1.34 cases,
respectively, in CVC patients aged =18 years (Table 3).

Furthermore, a numerically higher IR per 1,000 catheter-days
was also observed in those aged <18 years for bacteremia
(0.22 vs 0.09 cases), arterial embolism and thrombosis (0.23
vs 0.07 cases), and occlusion of cerebral arteries (0.11 vs
0.01 cases). However, it is important to note that there was
a smaller sample size of patients with CVC in the younger
group (n=501) compared with the older group (n=64,316).
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Table 3 IRs of complications by age group®

IR (95% CI) Overall CVC cohort SBS cohort®

Overall Cancer© No cancer®
<18 years old n=501 n=5 n=0 n=5
Any complication 2.70 (1.76, 4.15) 0.00 0.00
Septicemia 2.30 (1.45, 3.64) 0.00 0.00
Phlebitis and thrombophlebitis 0.00 0.00 0.00
Infection and inflammatory reaction® 0.00 0.00 0.00
Bacteremia 0.22 (0.06, 0.89) 0.00 0.00
Arterial embolism and thrombosis 0.23 (0.06, 0.92) 0.00 0.00
Hemorrhage, unspecified 0.00 0.00 0.00
Intracranial hemorrhage 0.00 0.00 0.00
Pulmonary embolism and infarction 0.00 0.00 0.00
Hemorrhage complicating a procedure 0.00 0.00 0.00
Transient cerebral ischemia 0.00 0.00 0.00
Occlusion of cerebral arteries 0.11 (0.02, 0.79) 0.00 0.00
Occlusion and stenosis of precerebral arteries 0.00 0.00 0.00
Mechanical complicationf 0.00 0.00 0.00
218 years old n=64,316 n=76 n=40 n=36
Any complication 1.94 (1.86, 2.03) 2.77 (1.24, 6.17) 3.44 (1.29,9.16) 1.99 (0.50, 7.97)
Septicemia 1.34 (1.28, 1.42) 2.77 (1.24, 6.17) 3.44 (1.29,9.16) 1.99 (0.50, 7.97)
Phlebitis and thrombophlebitis 0.18 (0.15, 0.21) 0.00 0.00 0.00
Infection and inflammatory reaction® 0.16 (0.14, 0.18) 0.44 (0.06, 3.15) 0.81 (0.11, 5.77) 0.00
Bacteremia 0.09 (0.08, 0.11) 0.00 0.00 0.00
Arterial embolism and thrombosis 0.07 (0.05, 0.08) 0.00 0.00 0.00
Hemorrhage, unspecified 0.05 (0.04, 0.07) 0.00 0.00 0.00
Intracranial hemorrhage 0.04 (0.03, 0.05) 0.00 0.00 0.00
Pulmonary embolism and infarction 0.03 (0.02, 0.04) 0.00 0.00 0.00
Hemorrhage complicating a procedure 0.02 (0.02, 0.04) 0.00 0.00 0.00
Transient cerebral ischemia 0.02 (0.01, 0.03) 0.00 0.00 0.00
Occlusion of cerebral arteries 0.01 (0.01, 0.02) 0.00 0.00 0.00
Occlusion and stenosis of precerebral arteries 0.02 (0.01, 0.03) 0.00 0.00 0.00
Mechanical complicationf 0.005 (0.002, 0.01) 0.00 0.00 0.00

Notes: “The number of complications per 1,000 catheter-days and 95% Cl were reported; days at risk for each complication were time from the first CVC insertion (index
date) to the complication or last injection before the second CVC insertion; gaps <30 days were allowed between the first CVC insertion and the first injection as well as
two consecutive injections. "The SBS cohort was defined as having > diagnosis of SBS before the index date and having received parenteral nutrition after the last diagnosis
of SBS. “The SBS cancer cohort was defined as having =1 diagnosis of malignant neoplasm before the index date. “The SBS no-cancer cohort was defined as having no diagnosis
of malignant neoplasm before the index date. “Infection and inflammatory reaction includes reactions due to other internal vascular device, implant, and graft. ‘Mechanical

complication includes complications of other vascular device, implant, and graft.

Abbreviations: CVC, central venous catheter; IR, incidence rate; SBS, short bowel syndrome.

Among patients with SBS (n=5, no-cancer cohort), no com-
plications were observed in patients aged <18 years.

Discussion

To the best of our knowledge, this study is the first to estimate
the IR of CVC-related complications among patients with SBS
in Japan. However, the Japanese incidence of CVC-related
complication has been reported in other contexts. A study
conducted by Shirotani et al'® evaluated the incidence of CVC-
related complications among patients receiving home PS over
16 years. In this population sample, 14.7% had SBS. Overall,
38.2% of patients experienced a CVC-related complication
at a rate of 0.29 cases per catheter-year among patients with
an external tunneled catheter and 0.66 cases per catheter-year

among patients with an implanted port. Of these complica-
tions, 26.5% were catheter-related bloodstream infections
(CRBSIs), 5.9% were mechanical problems, 2.9% were CVC
or port occlusions, 1.5% were central vein thrombosis, and
1.5% were accidental removals. In another study conducted
in Japan, 2.9% of neonates who had a CVC insertion experi-
enced CVC-related complications, of which 1.6% were due
to CRBSIs.!” Published data regarding IR of CVC-related
complications in patients with SBS from other countries are
limited (Table 4). Unfortunately, differences in study designs
and how catheter-related complications were defined make it
difficult to directly compare these studies with ours.

In our study, the IR of any CVC-related complication
was 1.95 cases per 1,000 catheter-days for the overall CVC
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Table 4 Published IRs of catheter-related complications

Study Population Setting; study Sample IRs among patients Strengths Woeaknesses
design size, n with SBS,? per 1,000
catheter-days
Current Patients using CVCs in Multicenter database; | Total, 64,817, Any CVC-related Multicenter, large | Small SBS
study Japan retrospective cohort | SBS cohort, 81 | complication, 2.68; CVC sample sample size
CRBSIs, 2.68
Brandt Patients with intestinal Single-center Total, 508; SBS | Any CVC-related Large SBS sample, | Single center
etal'® failure obtaining home database; cohort, 307 complication, 2.54; long study period
parenteral nutrition in retrospective cohort CRBSIs, 1.45
Denmark
Wou et al”® | Patients with SBS who Hospital (n=1); Total, 47; SBS Catheter sepsis, 0.85; Long study period | Single center,
received home parenteral | retrospective cohort | cohort, 47 catheter occlusion, 0.16 small sample
nutrition for 22 years in size
China
Napalkov | Patients using CVCs i3 InVision Total, 16,721; Any CVC-related Large sample Not specific
etal® during the first 90 days of | claims database; catheter complication, 6.00% for patients
insertion in the USA retrospective cohort | placement <90 | CRBSI, 4.01* with SBS
days: 5,060

Note: *Napalkov et al'® reported that IR is not specific to patients with SBS.

Abbreviations: CRBSI, catheter-related bloodstream infection; CVC, central venous catheter; IR, incidence rate; SBS, short bowel syndrome.

cohort and 2.68 cases per 1,000 catheter-days for the SBS
cohort. In a US retrospective cohort analysis, the IR for the
overall CVC cohort was 6.00 cases based on the first 90 days
of catheter placement." Although a direct comparison can-
not be made, the IR reported in a Danish study of patients
with SBS who received home PS from one tertiary referral
center 2.54 cases per 1,000 catheter-days.'® Septicemia was
reported as the most common type of complication with an IR
of 2.68 cases per 1,000 catheter-days. This finding is similar
to a Chinese study, in which sepsis was also reported as the
most common CVC-related complication, with an IR of 0.85
cases per 1,000 catheter-days.'* The Chinese study differed in
that data were collected from a single center, diminishing its
generalizability, and the authors were interested in patients
with nonmalignant SBS and in complications associated with
the long-term (=2 years) catheter use.

The use of claims data is not without limitations, and it
is important to emphasize that this study is not without such
limitations. The lack of clinical details in claims databases
makes it possible that some patient data were missing or
patients were misdiagnosed. The MDV database, however,
has been previously validated for venous thromboembolism
and bleeding events, with positive predictive values >70%,
increasing confidence in our choice of database used for the
study.?® The MDV database only included tertiary hospitals
and thus may not have included patients with less severe
disease, thereby affecting generalizability. In addition, the

database does not cover the patients’ entire claims history,
because they may have received medical services outside the
facilities included in the MDV database. The procedure codes
used to describe CVC-related complications did not include a
level of specificity to distinguish between catheter types (eg,
non-tunneled, subcutaneously tunneled, totally implanted, and
peripherally inserted central catheter). Although the sample
size precluded a formal statistical comparison, the study still
provides meaningful data that contribute to our understanding
of CVC-related complications in an SBS population. More
robust results and conclusions may occur with the synthesis
of data across studies and even prospective collection of data
in patients with SBS.

Conclusion

The IRs observed in our study are informative regarding the
incidence of CVC-related complications in patients with
SBS in Japan. Further research on the incidence of CVC-
related complications is warranted given the paucity of data
in patients with SBS and the importance that such complica-
tions have on patients’ quality of life.

Abbreviations

CRBSISs, catheter-related bloodstream infections; CVC, cen-
tral venous catheter; IR, incidence rate; MDV, Medical Data
Vision; PS, parenteral support (parenteral nutrition and/or
intravenous fluids); SBS, short bowel syndrome.
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