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Abstract

independent of measured baseline characteristics.

and days in critical care (MID =3.2d; p=0.001).

Background: Bleeding is a significant complication in cardiac surgery and is associated with substantial morbidity
and mortality. This study evaluated the impact of bleeding on length of stay (LOS) and critical care utilization in a
nationwide sample of cardiac surgery patients treated at English hospitals.

Methods: Retrospective, observational cohort study using linked English Hospital Episode Statistics (HES) and
Clinical Practice Research Datalink (CPRD) records for a nationwide sample of patients aged =18 years who
underwent coronary artery bypass graft (CABG), valve repair/replacement, or aortic operations from January 2010
through February 2016. The primary independent variables were in-hospital bleeding complications and
reoperation for bleeding before discharge. Generalized linear models were used to quantify the adjusted mean
incremental difference [MID] in post-procedure LOS and critical care days associated with bleeding complications,

Results: The study included 7774 cardiac surgery patients (3963 CABG; 2363 valve replacement/repair; 160 aortic
procedures; 1288 multiple procedures, primarily CABG+valve). Mean LOS was 10.7d, including a mean of 4.2d in
critical care. Incidences of in-hospital bleeding complications and reoperation for bleeding were 6.7 and 0.3%,
respectively. Patients with bleeding had longer LOS (MID: 3.1d; p < 0.0001) and spent more days in critical care
(MID: 2.4d; p < 0.0001). Reoperation for bleeding was associated with larger increases in LOS (MID =4.0d; p = 0.002)

Conclusions: Among English cardiac surgery patients, in-hospital bleeding complications were associated with
substantial increases in healthcare utilization. Increased use of evidence-based strategies to prevent and manage
bleeding may reduce the clinical and economic burden associated with bleeding complications in cardiac surgery.
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Background

Bleeding is a significant complication in cardiac surgery,
with 2—-15% of open cardiac surgery patients experiencing
major intra- or post-operative bleeding. [1-4] Bleeding
complications are associated with worse clinical outcomes,
including a higher risk of infection, ischaemic events attrib-
utable to hypo-perfusion (e.g., myocardial infarction, acute
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kidney injury), in-hospital mortality, and transfusion-related
adverse events. [5-7] Additionally, bleeding complications
are an important driver of blood product utilization in car-
diac surgery. [1] Blood is a limited resource, and in England
and other Western countries, 10-20% of the total blood
supply is used in cardiac surgery patients. 8, 9]

The incidence and clinical burden of bleeding complica-
tions in the setting of cardiac surgery have been described
in prior studies; [5-7, 10] however, there is limited contem-
porary data on the impact of bleeding on resource
utilization in European countries, particularly for England.
This study assessed the incidence of bleeding complications
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in cardiac surgery and their impact on post-procedure
length of stay (LOS) and critical care utilization in a nation-
wide sample of patients treated at English hospitals.

Methods

Data source

De-identified records were obtained for a nationwide sample
of English cardiac surgery patients from two linked data-
bases: the Hospital Episode Statistics Admitted Patient Care
(HES-APC) data warehouse and the Clinical Practice Re-
search Datalink (CPRD). HES-APC contains administrative
records for all inpatient stays at National Health Service
(NHS) hospitals in England; the dataset includes information
on patient demographics, diagnoses and procedures, and
measures of utilization (LOS, days in critical care) associated
with each inpatient stay. The CPRD database consists of
electronic health record (EHR) data generated as part of
standard clinical practice by participating United Kingdom
(UK) general practitioners (GPs). CPRD includes EHR re-
cords of all diagnoses, observations, measurements, proce-
dures, and prescriptions by the GP, as well as records of
consultations and procedures that are shared with the GP by
other healthcare providers. At present, approximately 4.4
million primary care patients representing 6.9% of the UK
population contribute data to the CPRD. [11]

Research approval and protection of human subjects

The HES-APC and CPRD study data were de-identified and
obtained under license from the UK Medicines and Health-
care Products Regulatory Agency (MHRA). Throughout the
duration of the study, the data were stored on encrypted,
password-protected servers to protect patient confidentiality.
The study protocol (number 17_091R) was reviewed and ap-
proved by the Independent Scientific Advisory Committee
for MHRA Database Research. However, the interpretation
and conclusions contained in this report are those of the au-
thors alone.

Study population

This was a retrospective, observational cohort study of
cardiac surgery patients who underwent coronary artery
bypass graft (CABG), heart valve replacement/repair, or
an aortic operation (specifically, aortic aneurysm repair
or aortic root replacement) between January 1, 2010,
and February 29, 2016. Patients were identified from the
HES-APC inpatient data using OPCS Classification of
Surgical Operations and Procedures (4th revision) codes
(see Additional file 1: Table S1). For each patient, we re-
stricted to the first cardiac surgery observed during the
study period and designated it the index operation.
Cardiac surgery patients age > 18 years were eligible for
inclusion provided they were registered with a GP whose
office contributed data to the CPRD for the 12 months
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prior to the index cardiac operation. The application of
these selection criteria is shown in Table 1.

Bleeding complication measures

e Primary (narrow) definition of bleeding
complications: In-hospital bleeding complications
were identified by the presence of International
Classification of Diseases, Tenth Revision (ICD-10,
as implemented in the UK) [12] diagnosis code
T81.0 (“Haemorrhage and haematoma complicating
a procedure, not elsewhere classified”) and/or an
OPCS procedure code for a bleeding-related reoperation:
T032 (“Reopening of chest and re-exploration of
intrathoracic operation site and surgical arrest of
postoperative bleeding”) or Y321 (“Re-exploration of
organ and surgical arrest of postoperative bleeding,
not otherwise classified”). In the HES-APC database, a
single hospital stay or “spell” may be segmented into
episodes of care based on changes in care setting (e.g.,
a transfer from surgery to recovery or intensive care).
For identifying in-hospital bleeding complications,
only diagnoses and procedures recorded during the
index cardiac care episode or between the index car-
diac procedure and discharge were considered.

e Bleeding-related reoperation: Bleeding-related
reoperations were identified using the following
algorithm. OCPS procedure codes T032 and Y321,
which specifically denote reoperation for the arrest
of bleeding, were taken as evidence of a bleeding-
related reoperation. In addition, a broader set of
reoperation codes (e.g., T033, “Reopening of chest
and re-exploration of intrathoracic operation site,
not elsewhere classified”) were counted as evidence
of a bleeding-related reoperation in the presence of
a concomitant diagnosis of T81.0 (“Haemorrhage
and haematoma complicating a procedure, not
elsewhere classified”).

Table 1 Application of study inclusion criteria to identify
eligible cardiac surgery patients

Criterion Patients (\)

17,339

1. Patients who underwent coronary artery bypass
graft (CABG), valve repair/replacement, or an
aortic operation in English hospitals between
January 1, 2010, and Feb 29, 2016, as identified
from the linked HES-APC and CPRD databases.t
Restrict to the first cardiac surgery (index)
observed for each patient during the study
period.

N

Age 2 18 years at index cardiac surgery. 17,142

7774

w

Registered with a general practitioner (GP)
contributing data to the CPRD for at least
one year prior to index.

+ HES-APC = Hospital Episode Statistics Admitted Patient Care (HES-APC) data
warehouse. CPRD = Clinical Practice Research Datalink (CPRD)
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e Broad definition of bleeding complications
(sensitivity analysis): Because bleeding
complications may not be coded consistently using
the codes above, a broader definition of bleeding
complications was considered as a sensitivity
analysis. The broader definition of bleeding
complications also included diagnosis codes for
accidental cuts and lacerations during surgery and
procedure codes for haematoma evacuation/
aspiration.

Please see Additional file 1: Table S2 for a complete list
of the codes used to define bleeding complications (pri-
mary/narrow and broad definitions) and bleeding-related
reoperations. Blood product transfusions were not used to
characterize the incidence or severity of bleeding compli-
cations in this study. Prior research has shown that blood
product transfusions are not well captured in the
HES-APC database. [13]

Covariates

HES-APC and CPRD records from the index hospitalization
and 12 months prior were used to measure patient demo-
graphics (age, gender, geographic region), baseline clinical
characteristics, and procedure characteristics. Clinical covari-
ates of interest included:

e Index cardiac procedure characteristics (type of
surgery: CABG, valve replacement/repair, aortic
procedure, or multiple procedures; elective
admission status; calendar year),

e Use of oral anticoagulants, antiplatelet medications,
and other drugs with meaningful effects on bleeding
risk (non-steroidal anti-inflammatory drugs
[NSAIDs], selective serotonin re-uptake inhibitors
[SSRIs], serotonin-norepinephrine reuptake inhibi-
tors [SNRIs]),

e Anemia and the following Charlson Comorbidity
Index components: myocardial infarction, congestive
heart failure, cerebrovascular disease, peripheral
vascular disease, diabetes, chronic pulmonary
disease, chronic renal disease, anemia, liver disease,
peptic ulcer disease, connective tissue or rheumatic
disease, cancer, dementia, paraplegia or hemiplegia,
and HIV/AIDS. [14] For identifying patients with a
history of myocardial infarction and cerebrovascular
disease, only records from the 12 months prior to
the index admission were used since these diagnosis
codes may reflect acute in-hospital complications.

e Measures of healthcare utilization and overall health
status (count of distinct prescription medications
taken, count of primary care consultations, and
whether the patient was hospitalized during the 12
months prior to index).
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Healthcare utilization outcomes

The primary study outcomes were post-procedure LOS
and days in critical care during the index hospital stay.
Post-procedure LOS (hereafter referred to simply as
LOS) was defined as the time interval in days between
the index cardiac procedure and hospital discharge. The
critical care measure reflects the number of days (if any)
that the patient spent in an intensive care unit (ICU) or
high dependency unit (HDU) hospital ward. Patients in
critical care require constant support and monitoring to
maintain function of one or more organs. [15] As with
LOS, days in critical care were measured from the date
of the index cardiac procedure through discharge.

In-hospital mortality

Because in-hospital mortality represents a competing risk
that may affect the associations between bleeding compli-
cations and LOS and critical care utilization, we also eval-
uated the incidence of in-hospital mortality by bleeding
status. In-hospital mortality was not a pre-specified end-
point in our study protocol, and we therefore consider it
an exploratory outcome.

Statistical analyses

Generalized linear models (log link; negative binomial
distribution) were used to estimate the impact of bleed-
ing complications on LOS and critical care utilization,
adjusting for the patient demographic and clinical char-
acteristics listed in the covariates section above. The im-
pact of bleeding on LOS and critical care days was
quantified using relative effect measures (adjusted multi-
plicative effect estimates from the generalized linear
models) and absolute measures (adjusted means for pa-
tients who did vs. did not experience bleeding and the
adjusted mean incremental difference [MID] calculated
from model-based recycled predictions). [16] Statistical
analyses were performed with SAS Enterprise Guide 7.1
for Windows (SAS Institute, Inc.; Cary, NC).

In secondary subgroup analyses, an interaction be-
tween surgery type and bleeding was added to the gener-
alized linear models so that the impact of bleeding on
LOS and critical care days could be estimated separately
in patients who underwent CABG, valve replacement/re-
pair, aortic procedures, or multiple procedures. Similarly,
generalized linear models (logit link; binomial distribu-
tion) were used to quantify the association between
bleeding complications and in-hospital mortality.

Sensitivity analyses

We conducted two sensitivity analyses to examine the
robustness of the study findings. First, we conducted a
sensitivity analysis in which the primary analyses exam-
ining the impact of bleeding complications on LOS and
critical care utilization were replicated among only
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patients undergoing elective admission, as those with
emergency admission may not have had the opportunity
to be discontinued from medications which increase the
risk of bleeding, such as anticoagulants and antiplatelets.
Second, we examined the impact of the primary definition
of bleeding complication on LOS and critical care
utilization via propensity score matching, wherein we
matched patients with bleeding complications to those
without bleeding complications. Specifically, we use used
1:4 variable ratio matching, via the nearest neighbor tech-
nique, with a caliper of 0.10 of the standard deviation of
the propensity score. We treated all measured baseline
characteristic variables as independent variables in the lo-
gistic regression used to estimate the propensity score.

Results

Patient characteristics

The study included 7774 eligible cardiac surgery patients
from January 2010 through February 2016 (Table 1).
During the index hospital episode, 3963 patients under-
went CABG, 2363 valve replacement or repair, 160 aor-
tic aneurysm repair or aortic root replacement, and 1288
had multiple cardiac procedures. Patients who under-
went multiple cardiac procedures included 1029 patients
with concomitant CABG and valve replacement/repair,
176 patients with valve and aortic procedures, 24 pa-
tients with CABG and an aortic procedure, and 59 pa-
tients with CABG, valve and aortic procedures.
Sixty-nine percent of patients were elective admissions;
12% were emergency cases, and 19% were transfers from
another hospital. Eighty-three percent of surgeries were
performed with cardiopulmonary bypass.

In terms of demographics, the median patient age was
70 years; 72% were male. Twenty-three percent of patients
had a history of myocardial infarction; 24% had congestive
heart failure; 20% had chronic pulmonary disease; 25%
had diabetes, 13% had renal disease, and 4% had anemia.
Use of antiplatelet medications (60%) and oral anticoagu-
lant drugs (13%) during the pre-index baseline period was
common. Additional cohort characteristics are provided
in Table 2 and Additional file 1: Table S3.

Incidence of bleeding events

The incidence of in-hospital bleeding complications (narrow
definition) was 6.7%. The bleeding incidence rate varied by
type of cardiac surgery. Aortic procedures were associated
with the highest bleeding complication rate (15.0%) followed
by multiple cardiac procedures (12.1%), valve replacement/
repair (5.9%), and CABG (5.1%). Figure 1 shows the inci-
dence of bleeding complications (narrowly and broadly de-
fined) and bleeding-related reoperation overall and by
subgroup; the incidence of bleeding complication was
slightly higher using the broader definition of bleeding com-
plications. Bleeding-related reoperations were coded for only
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0.3% of patients overall; 34.9% of reoperations occurred
within the same episode of the cardiovascular surgery,
whereas 65.1% occurred after the conclusion of the cardio-
vascular surgery episode; this number was substantially
higher among patients who underwent aortic procedures
(1.9%) compared to patients who underwent other types of
cardiac surgery.

Additional file 1: Table S4 presents the results of the
multivariable analyses examining the association be-
tween measured baseline characteristics and the risk of
the primary (narrow) definition of bleeding complica-
tions. The following variables had a statistically signifi-
cant association with bleeding complications: cardiac
procedure type, more recent admission year, admission
type, baseline hospitalization, baseline peripheral vascu-
lar disease, baseline renal disease, baseline diabetes, and
baseline liver disease.

Impact of bleeding complications on hospital LOS and
critical care utilization

The unadjusted mean post-procedure LOS was 15.4 days
(SD =14.4) and 104 days (SD =8.9) among patients with
and without bleeding complications, respectively. After ad-
justment for patient and procedure characteristics, the ad-
justed means were 13.6 days and 10.5 days for patients with
and without bleeding complications, respectively (adjusted
ratio = 1.29; 95% CI: 1.23, 1.36; p < 0.0001; MID = 3.1 days).
Results were similar using the broad definition of bleeding
complications (Fig. 2). Reoperation for bleeding complica-
tions was associated with a larger increase in mean
post-procedure LOS: patients with a bleeding-relation reop-
eration had an adjusted mean LOS of 14.7 days versus 10.7
days in patients without a reoperation (adjusted ratio = 1.37;
95% CI: 1.12, 1.69; p = 0.002; MID = 4.0 days).

Eighty-seven percent of patients with bleeding complica-
tions spent one or more days in critical care following sur-
gery (mean = 7.5 days, SD = 10.8), as compared with 82% of
patients without bleeding complications (mean = 4.0 days,
SD =5.4). After adjustment for patient and procedure char-
acteristics, the mean duration in critical care was 6.4 days
and 4.0 days for patients with and without bleeding compli-
cations, respectively (adjusted ratio = 1.60; 95% CIL: 1.47, 1.73;
p<0.0001; MID =24 days). Results were similar using the
broad definition of bleeding complications (Fig. 2).
Reoperation for bleeding complications was associated
with a larger increase in critical care days: patients
with a bleeding-relation reoperation had an adjusted
mean critical care duration of 7.4 days versus 4.2 days
in patents without a reoperation (adjusted ratio = 1.76;
95% CI: 1.25, 2.46; p = 0.001; MID = 3.2 days).

Additional file 1: Tables S5 and S6 present the full results
of the multivariable analyses examining the impact of the
primary (narrow) definition of bleeding complications on
hospital LOS and critical care utilization, respectively.
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Covariate

All patients (N=7774)

No bleeding (N =7254)

Bleeding (N =520)

Age in years
-18-45
4664
+65 or older
Gender
‘Male
Female
Surgery type
-Coronary artery bypass graft (CABG)
-Valve replacement/repair
-Aortic procedure
‘Multiple procedures
Cardiopulmonary bypass
Yes
‘No
Admission type
-Elective
‘Non-elective/emergency
-Transferred from another hospital
Health conditionst
‘Myocardial infarction
-Congestive heart failure
«Cerebrovascular disease
-Peripheral vascular disease
-Diabetes
«Chronic pulmonary disease
‘Renal disease
-Anemia
Medication uset
Antiplatelet drugs

+Oral anticoagulant drugs

‘Non-steroidal anti-inflammatory drugs (NSAIDs)
-Selective serotonin reuptake inhibitors (SSRIs)

-Serotonin-norepinephrine reuptake inhibitors (SNRIs)

Healthcare utilizationt
‘Hospitalization
+2 11 primary care encounters

- 2 6 distinct prescription medications

293 (4%)
2187 (28%)
5294 (68%)

5596 (72%)
2178 (28%)

3963 (51%)
2363 (30%)
160 (2%)

1288 (17%)

6447 (83%)
1327 (17%)

5400 (69%)
917 (12%)
1457 (19%)

1819 (23%)
1872 (24%)
456 (6%)

1431 (18%)
1951 )
)
1003 (13%)
287 (4%)

4681 (60%)
1001 (13%)
448 (6%)
588 (8%)
94 (1%)

2968 (38%)
3779 (49%)
2319 (30%)

278 (4%)
2063 (28%)
4913 (68%)

5244 (72%)
2010 (28%)

3762 (52%)
2224 (31%)
136 (2%)

1132 (16%)

6012 (83%)
1242 (17%)

5099 (70%)
831 (11%)
1324 (18%)

1679 (23%)
1707 (24%)
419 (6%)
1287 (18%)
1842 (25%)
1463 (20%)
902 (12%)
265 (4%)

4382 (60%)
936 (13%)
428 (6%)
554 (8%)
89 (1%)

2725 (38%)
3548 (49%)
2157 (30%)

15 (3%)
124 (24%)
381 (73%)

352 (68%)
168 (32%)

201 (38%)
139 (27%)
24 (5%)

156 (30%)

435 (84%)
85 (16%)

301 (58%)
86 (17%)
133 (26%)

140 (27%)
165 (32%)
37 (7%)
144 (28%)
109 (21%)
96 (18%)
101 (19%)
22 (4%)

299 (58%)
65 (13%)
20 (4%)
34 (7%)

5 (1%)

243 (47%)
231 (44%)
162 (31%)

1 Health conditions, medication use, and healthcare utilization were assessed during the 12-month baseline period prior to the index cardiac procedure.
Distributions of all assessed covariates are provided in Additional file 1: Table S3

Aside from bleeding complications, the following vari-
ables had a statistically significant association with hospital
LOS: sex, age, cardiac procedure type, cardiopulmonary by-
pass, admission type, baseline use of oral anticoagulants,
baseline use of SSRIs, baseline use of SNRIs, baseline count

of distinct prescription medications taken, baseline congest-
ive heart failure, baseline peripheral vascular disease, base-
line cerebrovascular disease, baseline chronic pulmonary
disease, baseline peptic ulcer disease, baseline renal disease,
baseline diabetes, baseline cancer, and baseline liver disease.



Al-Attar et al. Journal of Cardiothoracic Surgery (2019) 14:64

Page 6 of 10

surgery patients overall and by type of surgery

18%
16%
_%‘3 14%
3 g 12%
G § 10%
8 e 8%
s g
S 3 6%
k 4%
2%
0% - -
’ All cardiac Coronary
surgery artery bypass
patients graft
(N=7774) (N=3963)
® Bleeding (Narrow) 6.7% 5.1%
Bleeding (Broad) 7.4% 5.8%
= Reoperation 0.3% 0.3%

Fig. 1 Incidence proportion of in-hospital bleeding complications (narrowly and broadly defined) and bleeding-related reoperation in cardiac

Valve Aortic Multiple
replacement/
repair procedures procedures
(N=2363) (N=160) (N=1288)
5.9% 15.0% 12.1%
6.6% 16.9% 12.7%
0.2% 1.9% 0.6%

The following variables had a statistically significant
association with critical care utilization: age, cardiac pro-
cedure type, cardiopulmonary bypass, admission type,
baseline use of anticoagulants, baseline use of SSRIs,
baseline count of distinct prescription medications
taken, baseline anemia, baseline congestive heart failure,
baseline peripheral vascular disease, baseline cerebrovas-
cular disease, baseline chronic pulmonary disease, base-
line renal disease, and baseline liver disease.

Subgroup analyses

In subgroup analyses, the impact of bleeding complications
(narrowly defined) on LOS and critical care utilization in
patients who underwent CABG, valve replacement/repair, and
multiple procedures was similar in magnitude to what was
observed in all cardiac surgery patients taken together (Fig. 3).
Bleeding complications were associated with much larger
increases in LOS (13.8days; p<0.0001) and critical
care duration (9.9days; p<0.0001) in patients who

Length of stay
200 _
A=3.1d A3 .
p<0.0001 p<0.0001 P
- 160 147
2 136 136
e
ERY)
210 s 105 107
a
g 80
Z
o
3
2 40
<
0.0
Bleeding Bleeding Reoperation
(Narrow definition) (Broad definition)
Length of stay

generalized linear models.

A=2.4d A=2.3d A=3.2d
p<0.0001 p<0.0001 p=0.001

—— — ——

74 No bleeding
6.4 6.3 # Bleeding
4.0 I 4.0 42
Bleeding Bleeding Reoperation
(Narrow definition)  (Broad definition)

Adjusted means and incremental mean differences are based on recycled predictions from multivariable

Fig. 2 Adjusted mean length of stay and days in critical care by presence/absence of bleeding complications

Critical Care Days

Critical care days
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400 Length of Stay Critical Care Days
A=138d
N
330 p<0.0001
g 300
8
.E 25.0
g A=3.1d A=35d A=27d A=18d i
g =3 =3 A=2 £
A 0.0001
A 200 p<0.0001 p<0.0001 p<0.0001 p=0.005 5
§ — = — -
z 15.0 A=24d A=23d A=254 00
3 p=0.0001
$ p<0.0001 p<0.0001 p<0.0001
2100 1 ——
<
80 C Val C Vak
oronary valve oronary alve \ .
All patients ~ artery bypass  replacement :\omc. §1uh1ple All patients ~ artery bypass  replacement ‘Aomc‘ Maultil l.e
apes i procedure procedures b procedure procedures
(N=7774) graft repair (N=160) (N=1288) (N=7774) graft repair (N=160) (N=1285)
(N=3963) (N=2363) 3 Al (N=3963)  (N=2363) al
Length of stay Critical care days
No bleeding 10.5 9.1 110 15.3 4.0 35 3.8 6.1 57
 Bleeding 13.6 12.6 13.7 29.1 6.4 5.8 6.3 16.1 7.6
Adjusted means and incremental mean differences are based on recycled predictions from multivariable
generalized linear models.
Fig. 3 Adjusted mean length of stay and days in critical care by presence/absence of bleeding complications (narrow definition) and
procedure type

underwent aortic procedures. Results by subgroup were
similar when the broad definition of bleeding complica-
tions was considered (Additional file 2: Figure S1). When
the impact of bleeding-related reoperations on healthcare
utilization was evaluated by subgroup, reoperation was as-
sociated with a mean of 7.1 days longer LOS (p = 0.04)
and 7.0 additional days in critical care (p=0.009) in
patients who underwent valve replacement/repair, but
there were no significant associations with LOS or critical
care utilization in the other subgroups (Additional file 3:
Figure S2). However, the small number of reoperations doc-
umented in the study sample meant that we had limited
power to detect differences based on reoperation status.

In-hospital mortality

In the overall patient cohort, 218 patients (2.8%) died during
the index cardiac surgery hospitalization. After covariate ad-
justment, in-hospital mortality was 7.1% in patients who ex-
perienced bleeding complications (narrowly defined) versus
2.3% in patients who did not (odds ratio = 3.44; p < 0.0001).
The association between bleeding complications and
in-hospital mortality, expressed as an odds ratio, varied from
2.66 in patients who underwent valve replacement/repair to
3.87 in patients who underwent multiple procedures.
in-hospital mortality rates by surgery type and bleeding sta-
tus are shown in Additional file 4: Figure S3.

Sensitivity analyses

In the sensitivity analyses restricted only to patients with
elective admissions, findings were similar to those of the
primary analysis: patients with bleeding complications
had longer LOS (MID: 2.6 days; p<0.001) and spent
more days in critical care (MID: 2.1 days; p < 0.001). In

the propensity score matched analyses, patients were
well-balanced on the matching variables after matching
(as indicated by all standardized differences having an
absolute value <0.10; Additional file 5: Figure S4). As
compared with the primary analyses, the propensity score
matched analyses showed slightly larger differences in LOS
and critical care days between patients with versus those
without bleeding complications: patients with bleeding com-
plications had longer LOS (MID: 3.3 days; p <0.001) and
spent more days in critical care (MID: 2.7 days; p < 0.001).

Discussion

In this study of a large nationwide cohort of cardiac sur-
gery patients treated at English hospitals in 2010-2016,
in-hospital bleeding complications occurred in 6.7% of
patients (based on narrow definition) and were associ-
ated with significant increases in hospital LOS (MID:
3.1 days) and critical care utilization (MID: 2.4 days). Re-
operation for bleeding complications was documented in
fewer patients (0.3%) but was associated with longer in-
creases in hospital and critical care utilization (MID: 4.0
days and 3.2 days, respectively). These data provide con-
temporary real-world evidence of the economic burden
associated with bleeding complications in cardiac sur-
gery in English hospitals.

Bleeding complications were most frequent in patients
who underwent aortic procedures or multiple cardiac
procedures during the index hospitalization. The impact
of bleeding complications on LOS and critical care
utilization was largest among patients who underwent
aortic operations. Among patients who underwent
CABG, valve repair/replacement, or multiple proce-
dures, the differences in healthcare utilization associated
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with bleeding complications were similar to the pattern
that was observed in cardiac surgery patients overall.

Our results are largely consistent with prior evalua-
tions of the impact of bleeding complications on health-
care utilization following cardiac surgery. In a
single-center study of 1118 patients who underwent car-
diac surgery with cardiopulmonary bypass at a large
German teaching hospital in 2006, 6.4% of patients expe-
rienced excessive postoperative haemorrhage, defined as
>200 ml/hour in any 1h or>2ml/kg/hour for 2 con-
secutive hours in the first 6 h after surgery. Excessive
postoperative haemorrhage was associated with pro-
longed mechanical ventilation following surgery, a
higher probability of intensive care unit (ICU) stay
length > 72 h, greater ICU workload as measured by the
Therapeutic Intervention Scoring System (TISS)-28, and
a mean incremental increase of €6251 in total
hospitalization costs. [1] A second study based on re-
cords from a French nationwide hospital discharge data-
base included 15,450 patients who underwent CABG
and 17,957 patients who underwent valve replacement
in 2008, and identified bleeding complications using ad-
ministrative diagnosis and procedure codes. Bleeding
complications were recorded for 15.2% of CABG pa-
tients and 19.2% of valve replacement patients, and were
associated with longer LOS in both groups (adjusted
MID: 1.6days in CABG and 2.1days in valve replace-
ment). [17] Relative to our study, in the French study
bleeding complications were both more common and
associated with smaller increases in healthcare
utilization; a reasonable explanation is that their bleed-
ing complications definition included some less-severe
bleeding cases.

In our study, patients who underwent reoperation for
bleeding had greater increases in LOS and critical care
utilization than did the broader set of cardiac surgery pa-
tients who experienced bleeding complications. Studies that
have looked specifically at reoperation to arrest bleeding fol-
lowing cardiac surgery have also found larger increases in
healthcare utilization. One US-based study included 8586
patients who underwent CABG in 1992-1995 at one of five
cardiac surgery centers in Maine, New Hampshire, and Ver-
mont. Reoperation for bleeding was performed in 3.6% of pa-
tients. Patients who underwent reoperation had a
significantly longer LOS following surgery relative to those
without reoperation (unadjusted MID: 5.9 days). [3] In an-
other study, the costs associated with postoperative haemor-
rhage were evaluated in 122 matched pairs of patients—one
who experienced bleeding, one who did not—who under-
went CABG at a US teaching hospital in 1992—1996. Bleed-
ing complications were associated with a median increase of
$3866 (1998 US$; $7589 in 2017 US$) in hospital costs.
When patients were stratified by the approach used to con-
trol bleeding, it was found that costs were substantially
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higher in patients in whom a reoperation was per-
formed ($9912; $19,456 in 2017 US$) relative to those
who were managed medically ($3316; $6509 in 2017
US$). [18]

Limitations

An important limitation of our study was that the identi-
fication of bleeding complications and bleeding-related
reoperations was based on the presence of administra-
tive diagnosis and procedure codes in a patient’s record.
In general, surgical complications are likely to be
under-coded in the HES-APC data and other hospital
administrative databases. [19, 20] The incidence of
bleeding complications observed in our study (6.7%) lies
within the range of severe bleeding incidence estimates
(2-15%) reported by prior studies with prospective col-
lection of data on bleeding complications. [1, 2, 21-23]
However, the incidence of reoperation for bleeding in
our study (0.3%) was lower than estimates from prior
studies (1-9%) that relied on chart reviews or prospect-
ive data collection to identify reoperations. [2—4, 24].
One explanation for this discrepancy is that immediate
reopenings for bleeding before the patient leaves the op-
erating theatre may be considered part of the index op-
eration and not coded as a re-exploration for bleeding.
Due to undercoding of bleeding complications and reo-
perations, we would expect that our incidence figures
underestimate the true frequency of these events, and
our measures of association between bleeding and
healthcare utilization may also be underestimates due to
misclassification.

In evaluating the relationship between bleeding com-
plications and LOS, in-hospital mortality represents a
competing risk that may influence the association.
In-hospital mortality was substantially higher in patients
who experienced bleeding complications (adjusted per-
centage: 7.1%) than in patients who did not (2.3%). In
interpreting our findings, it should be kept in mind that
the observed associations between bleeding complica-
tions and healthcare utilization provide an incomplete
picture of the clinical relevance of bleeding complica-
tions, since LOS and critical care days are outcome mea-
sures that treat all discharges as equivalent.

Although the CPRD and HES-APC databases are the
largest research databases of their kind available for Eng-
land and have been characterized as representative of
the UK general population in terms of age, sex, and eth-
nicity, these databases do not include all patients and
therefore may not necessarily be generalizable to the en-
tire population. [25] We were also unable to measure
certain other factors which may influence hospital LOS,
such as hospital routines regarding time of discharge
and surgeon preferences. [26]
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As noted above, prior research has shown that blood
product transfusions are not well captured in the
HES-APC database, and therefore were unavailable for
characterization of the incidence or severity of bleeding
complications in this study. [13] Furthermore, the database
used for this study also does not contain other desirable
clinical information, including details on anticoagulant con-
sumption, use of dual antiplatelet therapy, time of discon-
tinuation of these medications prior to surgery, use of
antifibrinolytics and synthetic coagulation factor, baseline
hematocrit, volume of bleeding, and amount of packed red
blood cells. Future research is needed to determine the role
that these clinical factors may play in the higher LOS and
critical care utilization among individuals with vs. without
bleeding complications.

Conclusions

In conclusion, this study quantifies a substantial healthcare
burden associated with bleeding complications in the set-
ting of cardiac surgery. Strategies for reducing the incidence
and/or severity of bleeding complications in cardiac surgery
include better integration of peri-operative and
point-of-care diagnostics and risk-stratification tools into
the management of hemostatic function, [27-29] as well as
appropriate use of pharmacologic antifibrinolytics, transfu-
sion of hemostatic components, [27] and topical hemostatic
agents [30, 31] to prevent and control bleeding. Future re-
search is needed to evaluate the uptake and effectiveness of
evidence-based interventions to reduce the incidence and/
or severity of bleeding in cardiac surgery.

Additional files

Additional file 1: Table S1. OPCS Classification of Surgical Operations
and Procedures (4th revision) codes for identifying and classifying cardiac
procedures. Table S2. Codes for bleeding complications and reoperation
to arrest bleeding. Table S3. All baseline characteristics included as
covariates included in multivariable regression models. Table S4.
Multivariable analysis: association of baseline patient characteristics with
bleeding complications (primary [narrow] definition). Table S5.
Multivariable analysis: association of bleeding complications (primary
[narrow] definition) with length of stay. Table S6. Multivariable analysis:
association of bleeding complications (primary [narrow] definition) with
critical care days. (DOCX 63 kb)

Additional file 2: Figure S1. Adjusted mean length of stay and days in
critical care by presence/absence of bleeding complications (broad
definition) and procedure type. (DOCX 62 kb)

Additional file 3: Figure S2 Adjusted mean length of stay and days in
critical care by presence/absence of reoperation for bleeding and
procedure type. (DOCX 69 kb)

Additional file 4: Figure S3. In-hospital mortality rates by presence/ab-
sence of bleeding (narrow definition) and procedure type. (DOCX 57 kb)

Additional file 5: Figure S4. Standardized differences* before vs. after
propensity score matching. *Each marker represents the standardized
difference corresponding to a matching covariate used in the propensity
score match. Black circles represent standardized differences before
matching. Black triangles represent standardized differences after

Page 9 of 10

matching. Standardized differences with an absolute value < 0.10 are
indicative of balance between matched groups. (DOCX 17 kb)

Abbreviations

CABG: Coronary artery bypass graft; CPRD: Clinical Practice Research Datalink;
EHR: Electronic health record; GP: General practitioner; HES-APC: Hospital
Episode Statistics Admitted Patient Care; LOS: Length of stay (in this study,
LOS refers specifically to post-procedure LOS); MHRA: Medicines and
Healthcare products Regulatory Agency; MID: Mean incremental difference;
NHS: National Health Service; NSAID: Non-steroidal anti-inflammatory drug;
SD: Standard deviation; SNRI: Serotonin-norepinephrine re-uptake inhibitor;
SSRI: Selective serotonin re-uptake inhibitor; UK: United Kingdom

Acknowledgements
Not applicable.

Funding
This study was funded by Johnson & Johnson.

Availability of data and materials

The data that support the findings of this study are available from the
Clinical Practice Research Datalink (CPRD) but restrictions apply to the
availability of these data, which were used under license for the current
study, and so are not publicly available. Data are however available from the
authors upon reasonable request and with permission of CPRD.

Authors’ contributions

EA, SJ, EG, and KE analyzed and interpreted the data. EA and EG performed
the statistical analyses. All authors contributed to the study design and
interpretation of the study results. All authors read and approved the final
manuscript.

Ethics approval and consent to participate

The HES-APC and CPRD study data were de-identified and obtained under li-
cense from the UK Medicines and Healthcare Products Regulatory Agency
(MHRA). Throughout the duration of the study, the data were stored on
encrypted, password-protected servers to protect patient confidentiality. The
study protocol (number 17_091R) was reviewed and approved by the Inde-
pendent Scientific Advisory Committee for MHRA Database Research.

Consent for publication
Not applicable.

Competing interests

E. Ammann, S. Johnston, N. Jamous, S. Mistry, G. Gangoli, W. Danker, and K.
Etter are employed by Johnson & Johnson. E. Ghosh is employed by Mu
Sigma. Mu Sigma was paid by Johnson & Johnson to conduct the study. N.
Al-Attar reports no disclosures.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Cardiac Surgery, Golden Jubilee National Hospital, University
of Glasgow, Agamemnon St, Clydebank G81 4DY, Glasgow, UK.
’Epidemiology, Medical Devices, Johnson & Johnson, New Brunswick, NJ,
USA. 3Health Economics & Market Access, Johnson & Johnson Medical Ltd,
Berkshire, UK. “Medical Affairs, Johnson & Johnson Medical Ltd, Berkshire, UK.
*Mu Sigma, Bangalore, India. SHealth Economics & Market Access, Ethicon,
Somerville, NJ, USA.

Received: 14 December 2018 Accepted: 4 March 2019
Published online: 02 April 2019

References

1. Christensen MC, Krapf S, Kempel A, von Heymann C. Costs of excessive
postoperative hemorrhage in cardiac surgery. J Thorac Cardiovasc Surg.
2009;138(3):687-93.


https://doi.org/10.1186/s13019-019-0881-3
https://doi.org/10.1186/s13019-019-0881-3
https://doi.org/10.1186/s13019-019-0881-3
https://doi.org/10.1186/s13019-019-0881-3
https://doi.org/10.1186/s13019-019-0881-3

Al-Attar et al. Journal of Cardiothoracic Surgery

20.

21.

22.

23.

24.

25.

26.

(2019) 14:64

Colson PH, Gaudard P, Fellahi JL, Bertet H, Faucanie M, Amour J, et al. Active
bleeding after cardiac surgery: a prospective observational multicenter
study. PLoS One. 2016;11(9):e0162396.

Dacey LJ, Munoz JJ, Baribeau YR, Johnson ER, Lahey SJ, Leavitt BJ, et al.
Reexploration for hemorrhage following coronary artery bypass grafting:
incidence and risk factors. Northern New England cardiovascular disease
study group. Arch Surg. 1998;133(4):442-7.

Kristensen KL, Rauer LJ, Mortensen PE, Kjeldsen BJ. Reoperation for bleeding
in cardiac surgery. Interact Cardiovasc Thorac Surg. 2012;14(6):709-13.
Murphy GJ, Reeves BC, Rogers CA, Rizvi SI, Culliford L, Angelini GD.
Increased mortality, postoperative morbidity, and cost after red blood cell
transfusion in patients having cardiac surgery. Circulation. 2007;116(22):
2544-52.

Sahu S, Hemlata VA. Adverse events related to blood transfusion. Indian J
Anaesth. 2014;58(5):543-51.

Karkouti K, Wijeysundera DN, Yau TM, Beattie WS, Abdelnaem E, McCluskey
SA, et al. The independent association of massive blood loss with mortality
in cardiac surgery. Transfusion. 2004;44(10):1453-62.

Geissler RG, Rotering H, Buddendick H, Franz D, Bunzemeier H, Roeder N, et
al. Utilisation of blood components in cardiac surgery: a single-Centre
retrospective analysis with regard to diagnosis-related procedures. Transfus
Med Hemother. 2015:42(2):75-82.

National Comparative Audit of Blood Transfusion. Audit of patient blood
Management in Adults Undergoing Elective, scheduled surgery. National
Health Service. 2015:2015.

Karthik S, Grayson AD, McCarron EE, Pullan DM, Desmond MJ. Reexploration
for bleeding after coronary artery bypass surgery: risk factors, outcomes, and
the effect of time delay. Ann Thorac Surg. 2004;78(2):527-34 discussion 34.
Herrett E, Gallagher AM, Bhaskaran K, Forbes H, Mathur R, van Staa T, et al.
Data resource profile: clinical practice research datalink (CPRD). Int J
Epidemiol. 2015;44(3):827-36.

Clinical Classifications Service. National Clinical Coding Standards ICD-10.
Leeds. In: UK. health and social Care information Centre; 2017.

Llewelyn CA, Wells AW, Amin M, Casbard A, Johnson AJ, Ballard S, et al. The
EASTR study: a new approach to determine the reasons for transfusion in
epidemiological studies. Transfus Med. 2009;19(2):89-98.

Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al. Coding
algorithms for defining comorbidities in ICD-9-CM and ICD-10
administrative data. Med Care. 2005:43(11):1130-9.

Digital Secondary Care Analysis NHS. Hospital adult critical Care activity
2015-2016. In: Health and social Care information Centre; 2017.

Basu A, Rathouz PJ. Estimating marginal and incremental effects on health
outcomes using flexible link and variance function models. Biostatistics.
2005;6(1):93-109.

Ye X, Lafuma A, Torreton E, Arnaud A. Incidence and costs of bleeding-
related complications in French hospitals following surgery for various
diagnoses. BMC Health Serv Res. 2013;13(1):186.

Herwaldt LA, Swartzendruber SK, Zimmerman MB, Scholz DA, Franklin JA,
Caldarone CA. Hemorrhage after coronary artery bypass graft procedures.
Infect Control Hosp Epidemiol. 2003;24(1):44-50.

Rafter N, Hickey A, Condell S, Conroy R, O'Connor P, Vaughan D, et al. Adverse
events in healthcare: learning from mistakes. QJM. 2015;108(4):273-7.

Aylin P, Tanna S, Bottle A, Jarman B. How often are adverse events reported
in English hospital statistics? BMJ. 2004;329(7462):369.

Hansson EC, Jideus L, Aberg B, Bjursten H, Dreifaldt M, Holmgren A, et al.
Coronary artery bypass grafting-related bleeding complications in patients
treated with ticagrelor or clopidogrel: a nationwide study. Eur Heart J. 2016;
37(2):189-97.

Dyke C, Aronson S, Dietrich W, Hofmann A, Karkouti K, Levi M, et al.
Universal definition of perioperative bleeding in adult cardiac surgery. J
Thorac Cardiovasc Surg. 2014;147(5):1458-63 el.

Ranucci M, Baryshnikova E, Castelvecchio S, Pelissero G, Surgical CORG.
Major bleeding, transfusions, and anemia: the deadly triad of cardiac
surgery. Ann Thorac Surg. 2013,96(2):478-85.

Unsworth-White MJ, Herriot A, Valencia O, Poloniecki J, Smith EE, Murday
AJ, et al. Resternotomy for bleeding after cardiac operation: a marker for
increased morbidity and mortality. Ann Thorac Surg. 1995;59(3):664-7.
Herrett E, Gallagher AM, Bhaskaran K, et al. Data resource profile: clinical
practice research datalink (CPRD). Int J Epidemiol. 2015;44(3):827-36.

Najafi M, et al. Role of surgeon in length of stay in ICU after cardiac bypass
surgery. J Teh Univ Heart Ctr. 2010;1:9-13.

27.

28.

29.

30.

31

Page 10 of 10

Despotis G, Avidan M, Eby C. Prediction and management of bleeding in
cardiac surgery. J Thromb Haemost. 2009;7(Suppl 1):111-7.

Gorlinger K, Shore-Lesserson L, Dirkmann D, Hanke AA, Rahe-Meyer N,
Tanaka KA. Management of hemorrhage in cardiothoracic surgery. J
Cardiothorac Vasc Anesth 2013;27(4 Suppl):520-534.

Gombotz H, Knotzer H. Preoperative identification of patients with increased
risk for perioperative bleeding. Curr Opin Anaesthesiol. 2013;26(1):82-90.
Bracey A, Shander A, Aronson S, Boucher BA, Calcaterra D, Chu MWA, et al.
The use of topical hemostatic agents in cardiothoracic surgery. Ann Thorac
Surg. 2017;104(1):353-60.

0Oz MC, Cosgrove DM 3rd, Badduke BR, Hill JD, Flannery MR, Palumbo R, et
al. Controlled clinical trial of a novel hemostatic agent in cardiac surgery.
The fusion matrix study group. Ann Thorac Surg. 2000,69(5):1376-82.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source
	Research approval and protection of human subjects
	Study population
	Bleeding complication measures
	Covariates
	Healthcare utilization outcomes
	In-hospital mortality
	Statistical analyses
	Sensitivity analyses

	Results
	Patient characteristics
	Incidence of bleeding events
	Impact of bleeding complications on hospital LOS and critical care utilization
	Subgroup analyses
	In-hospital mortality
	Sensitivity analyses

	Discussion
	Limitations

	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

