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Purpose: To evaluate the association of in-hospital surgical bleeding events with the 
outcomes of hospital length of stay (LOS), days spent in critical care, complications, 
and mortality among patients undergoing neoplasm-directed surgeries in English 
hospitals.
Patients and Methods: This is a retrospective cohort study using English hospital dis-
charge data (Hospital Episode Statistics [HES]) linked to electronic health records (Clinical 
Practice Research Datalink [CPRD]). HES includes information on patient demographics, 
admission and discharge dates, diagnoses and procedures, days spent in critical care, and 
discharge status. CPRD includes information on patient demographics, diagnoses and symp-
toms, drug exposures, vaccination history, and laboratory tests. Patients aged ≥18 years who 
underwent selected neoplasm-directed surgeries between 1-Jan-2010 and 29-February-2016: 
hysterectomy, low anterior resection (LAR), lung resection, mastectomy, and prostate sur-
gery were included. The primary independent variable was in-hospital surgical bleeding 
events identified by diagnosis of haemorrhage and haematoma complicating a procedure or 
reopening/re-exploration and surgical arrest of postoperative bleeding. Outcomes included 
LOS, days spent in critical care, in-hospital complications (diagnoses of infections, acute 
renal failure, vascular events), and in-hospital mortality, identified during surgery through 
discharge. Multivariable regression was used to examine the adjusted association of bleeding 
events with outcomes.
Results: The study included 26,437 neoplasm-directed surgeries (hysterectomy=6092; 
LAR=2957; lung=1538; mastectomy=12,806; prostate=3044). Incidence proportions of 
bleeding events were: hysterectomy=1.9% (95% confidence interval=1.1–2.5%); 
LAR=3.0% (CI=2.3–3.6%); lung=1.8% (CI=1.1–2.5%); mastectomy=1.6% (CI=1.3–1.8%); 
prostate=1.0% (CI=0.6–1.3%). In adjusted analyses, bleeding events were associated with: 
prolonged LOS: 3.1 (CI=1.1–6.3) mastectomy to 5.7 (CI=3.6–8.2) LAR days longer; more 
days spent in critical care: 0.4 (CI=0.03–0.27) mastectomy to 6.5 (CI=2.5–13.6) hysterect-
omy days more; and higher incidence proportions of all examined complications; all P<0.05.
Conclusion: This study quantifies a substantial clinical and healthcare resource utilization 
burden associated with surgical bleeding among patients undergoing neoplasm-directed 
surgery in England hospitals.
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Introduction
Surgical bleeding events are a significant cause of morbidity, 
mortality, and economic burden on healthcare systems.1–3 

Patients who are undergoing neoplasm-directed surgery 
may be prone to surgical bleeding due to a wide variety of 
factors, including neoadjuvant therapies, use of anticoagu-
lants, tumor vascularity, and the complexity and anatomical 
location of surgical resection, among others.4–6

There is presently a paucity of literature regarding the 
incidence of surgical bleeding events and their association 
with clinical and economic outcomes among patients in 
England. Such information may be useful to inform 
National Health Service (NHS) and hospital-level decisions 
regarding the potential benefits of investment in improving 
the prevention and mitigation of surgical bleeding.

Therefore, we conducted a population-based study to 
evaluate the association of in-hospital surgical bleeding 
events with the outcomes of post-surgical hospital length 
of stay and post-surgical days spent in critical care among 
patients undergoing the following common neoplasm- 
directed surgeries, representing multiple specialties, in 
English hospitals: low anterior resection, hysterectomy, 
lung resection, mastectomy, and prostate (prostatectomy 
and resection). We hypothesized that patients with such 
bleeding events would experience prolonged post-surgical 
hospital length of stay and more post-surgical days spent 
in critical care than those without such events.

To examine potential underlying clinical mechanisms 
by which bleeding events may be associated with length of 
stay and days spent in critical care, we also evaluated the 
association of bleeding events with (a) in-hospital compli-
cations related to bleeding or transfusion, and (b) in- 
hospital mortality. Complications of interest included 
infections, acute renal failure, and vascular events.7–11

Methods
Data Sources
We conducted this retrospective study using de-identified 
health records from two linked databases: the Hospital 
Episode Statistics Admitted Patient Care (HES-APC) data-
base and the Clinical Practice Research Datalink (CPRD) 
GOLD database.12,13 The linkage of these two databases 
allowed us to measure the in-hospital outcomes of patients 

(from HES-APC) while accounting for a broad set of 
patient factors, such as resource use and medications 
taken, measured prior to admission to the hospital (from 
CPRD GOLD).

The HES-APC data are collected from all admissions/ 
attendances at NHS hospitals in England, including acute 
hospital trusts, primary care trusts, and mental health 
trusts. The HES-APC database includes information on 
patient demographics, admission and discharge dates, 
diagnoses recorded (including the primary diagnosis), pro-
cedures performed, days spent in critical care, and dis-
charge status.14 Diagnoses are recorded using 
International Classification of Diseases version 10 (ICD- 
10) codes. Procedures are recorded using the United 
Kingdom (UK) Office of Population, Census and Surveys 
classification (OPCS) 4.6 codes.

Broadly, CPRD data are collected from a network of 
over 1500 primary care practices in the UK; the CPRD 
GOLD data are collected from general practices specifi-
cally using the Vision electronic health record software. 
The CPRD GOLD database includes information on 
patient demographics, diagnoses and symptoms, drug 
exposures, vaccination history, laboratory tests, and refer-
rals to hospital and specialist care.15 Diagnoses are 
recorded using Read codes and medcodes. Drugs are 
recorded using Gemscript codes.

In the most recent (June 2018) linkage, 10.6 million 
patients from 411 general practices in England were pre-
sent from the CPRD GOLD database, of whom 8,444,946 
were eligible for linkage to the HES-APC database and 
7,754,885 were ultimately linked.13 The CPRD GOLD 
data and linkages have been widely used for epidemiologic 
and healthcare research and form the basis of over 2200 
peer-reviewed publications.16 A complete listing of codes 
used for this study is provided in the Appendix.

Research Approval and Protection of 
Human Subjects
We obtained the de-identified HES-APC and CPRD study 
data under license from the UK Medicines and Healthcare 
Products Regulatory Agency (MHRA). Throughout the 
study, we stored the data on encrypted, password-protected 
servers. The Independent Scientific Advisory Committee for 
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MHRA Database Research reviewed and approved the study 
protocol (number 17_091R). The interpretation and conclu-
sions contained in this report are those of the authors alone.

Patient and Public Involvement
Patients or the public were not involved in the design, or 
conduct, or reporting, or dissemination plans of our 
research.

Patient Selection Criteria
We extracted data from the HES-APC for patients who 
underwent low anterior resection, hysterectomy, lung 
resection, mastectomy, or prostate surgery (prostatectomy 
and resection) between January 1, 2010, and February 29, 
2016. For each patient, we identified the first admission in 
which a surgery of interest took place, designating it as the 
“index admission,” and required that a diagnosis code 
related to neoplasm was recorded in the primary diagnosis 
position. We further required that patients were aged ≥18 
years as of the index admission and were registered with 
a general practitioner (GP) whose office contributed data 
to the CPRD GOLD for the 12 months prior to the index 
admission.

Measurement of Bleeding Events and 
Study Outcomes
In the HES-APC, hospital admissions are sub-divided into 
sequential periods of care – known as “episodes” – each 
carrying its own respective diagnosis and procedure codes. 
We classified patients as having experienced a bleeding 
event if, for the surgical episode or a subsequent episode 
within the index admission, either of the following was 
documented: (a) a diagnosis code for haemorrhage and 
haematoma complicating a procedure (ICD-10 T81.0); or 
(b) a procedure code for reoperation for surgical arrest of 
postoperative bleeding (OPCS T032, T301, Y321). We 
were unable to identify blood product transfusions in this 
study because blood product transfusions are not well 
captured in the HES-APC database.17

We defined post-surgical length of stay (LOS) as the 
time interval in days from the surgery of interest to the day 
of discharge from the index admission. We also calculated 
the number of such LOS days spent in critical care.

We searched for documented diagnosis codes for com-
plications related to bleeding or transfusion (infection, 
acute renal failure, and vascular events) during the same 
time period in which we identified bleeding events; 

although we did not strictly require the diagnosis of bleed-
ing events to occur before the diagnosis of complications 
among patients with bleeding events, 95.8% of bleeding 
events were identified during the surgical episode and it is 
possible that a complication may develop prior to the need 
for surgical arrest of post-operative bleeding. Infections of 
interest included cellulitis, pneumonia, sepsis, urinary tract 
infection, wound infection. Acute renal failure had no sub- 
components. Vascular events included cerebrovascular 
accident, myocardial infarction, venous thromboembolism, 
and sudden death due to cardiac arrest.

Finally, we defined in-hospital mortality as a discharge 
status of “Died” (vs another discharge status) for the index 
admission; other discharge statuses included either 
“Discharged on clinical advice or with clinical consent” 
(accounting for 99.8% of the remaining discharges) or 
“Self discharged, or discharged by a relative or advocate” 
(accounting for 0.2% of the remaining discharges).

Measurement of Covariates
We used HES-APC and CPRD GOLD records from the 
index admission and 12 months prior to measure covari-
ates for the purpose of characterizing the study cohorts and 
estimating the adjusted association of bleeding events with 
the study outcomes, as described further below. Covariates 
included the following categories: patient demographics 
(age, sex, geographic region [East of England, London, 
Midlands, North, South Central, South East Coast, or 
South West]); index admission surgery type (low anterior 
resection, hysterectomy, lung surgery, mastectomy, or 
prostate surgery); index admission primary ICD-10 diag-
nosis type (malignant neoplasm of the primary site, other 
neoplasm, or benign neoplasms, carcinoma in situ, and 
neoplasms of uncertain behavior); surgical approach 
(open or minimally invasive); index admission admitting 
status (elective, non-elective/emergency, or other); 
comorbidities18 (anemia, cerebrovascular disease, chronic 
pulmonary disease, chronic renal disease, congestive heart 
failure, connective tissue or rheumatic disease, dementia, 
diabetes, liver disease, myocardial infarction, peptic ulcer 
disease, peripheral vascular disease); drugs with known 
effects on bleeding risk (anticoagulants, antiplatelets, 
selective serotonin reuptake inhibitors [SSRIs], selective 
norepinephrine reuptake inhibitors [SNRIs]); measures of 
utilization and overall health status (count of distinct pre-
scription medications taken, count of face-to-face primary 
care consultations, and prior hospitalization). The comor-
bidities and measures of utilization and overall health 
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status were extracted from the CPRD GOLD and HES- 
APC data for the 12 months prior to the index admission.

Statistical Analyses
For each surgery group, we calculated the crude (unad-
justed) incidence proportions of bleeding events, compli-
cations, and mortality as the number of patients with 
a given event divided by the number of patients in the 
surgery group. No formal statistically adjusted compari-
sons were made between the surgery groups, and therefore 
differences in the incidence proportions of bleeding events 
across surgeries reflect underlying differences in patient 
characteristics of the surgery groups. We used standar-
dized differences (StdDiff) to compare the baseline char-
acteristics of patients with vs without bleeding events; 
StdDiff are a sample-size-agnostic measure of substantive 
imbalance between groups and therefore are not prone to 
type 1 (type 2) error in the presence of large (small) 
sample sizes.19 When comparing unadjusted outcomes 
between groups, we used the Wilcoxon rank-sum 
(Mann–Whitney) test for LOS and days spent in critical 
care, and chi-squared tests for complications and mortality 
events. When examining the multivariable-adjusted asso-
ciation of bleeding events with LOS and days spent in 
critical care, we conducted a separate statistical analysis 
for each of the five surgery groups. However, complica-
tions and mortality events were infrequent, which necessi-
tated that we pool all patients from across the surgery 
groups when analyzing these outcomes. We used multi-
variable generalized linear models with link functions and 
error distributions chosen based on statistical procedures 
to determine the appropriate selections.20,21 All models 
used the same a priori specification, which comprised all 
covariates described in the section above; no variable 
selection or reduction techniques were applied. The pooled 
models for complications and mortality included 
a categorical variable for surgery group. We used marginal 
standardization (recycled prediction) to generate multivari-
able adjusted estimates of LOS, days spent in critical care, 
and incidence proportions of complications and mortality 
for patients with vs without bleeding events, as well as the 
mean incremental difference (MID) in outcomes between 
those groups and the 95% confidence interval thereof.22 

We performed the statistical analyses with SAS Enterprise 
Guide 7.1 for Windows (SAS Institute, Inc.; Cary, NC) 
and set P<0.05 as the threshold for statistical significance.

Sensitivity Analyses
After descriptive examination of the baseline factors by 
which patients with versus without bleeding events differed, 
we conducted a post-hoc sensitivity analysis wherein we 
repeated separate analyses of the study outcomes in patients 
with vs without baseline use of antiplatelet medications.

Results
The study included 26,437 eligible patients: 6092 hyster-
ectomy, 2957 low anterior resection, 1538 lung surgery, 
12,806 mastectomy, and 3044 prostate surgery. Appendix 
Supplementary Table 1 shows the reductions in study 
cohort size associated with the application of each patient 
selection criterion.

Incidence of Bleeding Events
Figure 1 shows the crude incidence proportion of bleeding 
events during the index admission for each surgery group. 
The crude incidence proportions of bleeding events were: 
3.0% (95% confidence interval [CI] = 2.3–3.6%) for low 
anterior resection, 1.9% (95% CI = 1.6–2.3%) for hyster-
ectomy, 1.8%, (95% CI = 1.1–2.5%) for lung surgery, 
1.6% (95% CI = 1.3–1.8%) for mastectomy, and 1.0% 
(95% CI = 0.6–1.3%) for prostate surgery.

With respect to bleeding event identification, reoperation 
for surgical arrest of bleeding was documented in 44.4% of 
lung surgery patients with a bleeding event, 21.9% hyster-
ectomy, 5.1% mastectomy, 3.5% prostate surgery, and 0.0% 
low anterior resection. Overall, 98.2% of reoperations for 
surgical arrest of bleeding were preceded or accompanied by 
a diagnosis of haemorrhage and haematoma complicating 
a procedure; 95.8% of bleeding events were first documented 
during the surgical episode, 4.2% were documented during 
an episode thereafter during the index admission (see foot-
note in Figure 1 for surgery group-specific information).

Patient Characteristics
Tables 1 and 2 show patient characteristics and index 
admission and surgery characteristics, respectively. 
Patients with bleeding events during the index admission 
had higher baseline prevalence of comorbidities, selected 
medications (eg, antiplatelet use, 20.9% vs 13.3%, 
StdDiff=20.3), and face-to-face primary care consultations 
(11 [9.7] vs 9.4 [8], StdDiff=14.6) as compared with 
patients without bleeding events. As gauged by the 
StdDiff, patients with bleeding events were relatively simi-
lar to those without bleeding events in terms of index 
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admission and surgery characteristics, aside from the dif-
ferences in the incidence proportions of bleeding events 
across surgery groups described above.

Association of Bleeding Events with LOS 
and Days Spent in Critical Care
Figures 2 and 3 show the multivariable-adjusted mean LOS 
and days spent in critical care, respectively, for patients with vs 
without bleeding events in each surgery group; Appendix 
Supplementary Table 2 shows the corresponding unadjusted 
data. In all surgery groups, multivariable-adjusted mean LOS 
was statistically significantly longer for patients with bleeding 
events as compared with those without bleeding events (all 
P<0.05): MIDs ranged from 3.1 days (95% CI = 1.1–6.3) for 
mastectomy to 5.7 days (95% CI = 3.6–8.2) for low anterior 
resection. In congruence with LOS, the multivariable-adjusted 
mean number of days spent in critical care was statistically 
significantly longer for patients with bleeding events as com-
pared with those without bleeding events (all P<0.05): MIDs 
ranged from 0.4 days (95% CI = 0.03–2.7) for mastectomy to 
6.5 days (95% CI = 2.5–13.6) for hysterectomy.

Association of Bleeding Events with 
In-Hospital Complications and In-Hospital 
Mortality
Figure 4 shows multivariable-adjusted incidence propor-
tions of in-hospital complications and in-hospital mortality 

for patients with vs without bleeding events in each sur-
gery group; Appendix Supplementary Table 3 shows the 
corresponding unadjusted data. In all surgery groups, the 
multivariable-adjusted incidence proportion of in-hospital 
complications and in-hospital mortality was statistically 
significantly higher for patients with bleeding events as 
compared with those without bleeding events (all P<0.05): 
MIDs for the absolute percentage of patients with an event 
were 1.9% (95% CI = 0.7–4.0%; 2.7% vs 0.8%) for acute 
renal failure, 2.2% (95% CI = 1.1–4.3%; 2.8% vs 0.6%) 
for vascular events, 7.5% (95% CI = 4.5–11.6%; 10.9% vs 
3.4%) for infections, and 1.9% (95% CI = 0.8–4.1%; 2.3% 
vs 0.4%) for in-hospital mortality.

Sensitivity Analyses
Results of the post-hoc sensitivity analyses of the study 
outcomes in patients with vs without baseline use of anti-
platelet  medicat ions are reported in Appendix 
Supplementary Table 4. Overall, the crude incidence pro-
portions of in-hospital bleeding events were numerically 
higher among patients with baseline antiplatelet use as 
compared with those without baseline antiplatelet use. 
With respect to LOS and critical care utilization, the 
mean incremental difference in outcomes between patients 
with vs without in-hospital bleeding events was generally 
larger in patients with baseline antiplatelet use as com-
pared with those without baseline antiplatelet use; with the 
exception of findings among some of the smaller sub- 
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Figure 1 Crude incidence proportion of bleeding events during index admission*. 
Notes: *The proportion of bleeding events first documented during the surgical episode was: 96.5% low anterior resection, 93.9% hysterectomy, 81.5% lung surgery, 97.9% 
mastectomy, and 100.0% prostate surgery; the proportion of patients with bleeding events who also had reoperation for surgical arrest of bleeding was: 0.0% low anterior 
resection, 21.9% hysterectomy, 44.4% lung surgery, 5.1% mastectomy, 3.5% prostate; only 1.8% of patients had reoperation for surgical arrest of bleeding without an 
accompanying diagnosis of haemorrhage and haematoma complicating a procedure (4 patients in the hysterectomy group, 4 patients in the lung surgery group); error bars 
represent 95% confidence intervals.
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analyses including those for LOS and critical care utiliza-
tion among patients undergoing lung surgery with baseline 
antiplatelet use (N = 441 overall) and critical care utiliza-
tion among patients undergoing mastectomy with baseline 
antiplatelet use (N = 1250 overall).

With respect to complications and mortality, the odds, 
incidence proportions, and mean incremental difference in 
outcomes between patients with vs without in-hospital 
bleeding event were substantially higher in patients with 
baseline antiplatelet use as compared with those without 

Table 1 Patient Characteristics*

Patients without Bleeding Event 
N = 25,987

Patients with Bleeding 
Event N = 450

StdDiff

Patient demographics

Age category, N/%

18–24 333 1.3% 2 0.4% 9.8
25–45 3267 12.6% 45 10.0% 8.2

46–64 11,068 42.6% 191 42.4% 0.4

65 Plus 11,319 43.5% 212 47.1% −7.0
Female, N/% 20,467 78.7% 352 78.2% 1.5

Geographic region, N/%
East of England 2436 9.4% 60 13.3% −12.3

London 3368 13.0% 61 13.6% −1.8

Midlands 3627 14.0% 51 11.3% 8.1
North 4521 17.4% 79 16.0% −1.6

South Central 3837 14.8% 66 14.7% 0.3

South East Coast 3985 15.3% 58 12.9% 6.9
South West 3486 13.4% 58 12.9% 1.5

Yorkshire & The Humber 727 2.8% 17 3.8% −5.6

Comorbidities, N/%

Anemia 747 2.9% 17 3.8% −5.0

Cerebrovascular disease 306 1.2% 11 2.4% −9.0
Chronic pulmonary disease 4031 15.5% 88 19.6% −10.8

Chronic renal disease 888 3.4% 25 5.6% −10.6

Congestive heart failure 299 1.2% 9 2.0% −6.4
Connective tissue or rheumatic disease 528 2.0% 11 2.4% −2.7

Dementia 138 0.5% 2 0.4% 1.5

Diabetes 3871 14.9% 73 16.2% −3.6
Liver disease 290 1.1% 13 2.9% −12.9

Myocardial infarction 222 0.9% 6 1.3% −3.8

Peptic ulcer disease 120 0.5% 3 0.7% −2.6
Peripheral vascular disease 393 1.5% 15 3.3% −11.8

Medications, N/%
Anticoagulants 792 3.1% 27 6.0% −13.9

Antiplatelets 3443 13.3% 94 20.9% −20.3

Non-steroidal anti-inflammatory drugs 1895 7.3% 33 7.3% 0.0
Selective serotonin reuptake inhibitors 2772 10.7% 61 13.6% −8.9

Selective norepinephrine reuptake inhibitors 324 1.3% 7 1.6% −2.5

Measures of healthcare utilization and overall health status

Distinct prescription medications taken, mean/SD 3.2 3.0 3.9 3.5 −21.5

Face-to-face primary care consultations, mean/SD 9.4 8.0 10.7 9.7 −14.6
Prior hospitalization, N/% 3201 12.3% 59 13.1% −2.4

Notes: *Patient demographics were measured as of the index admission; comorbidities, medications, and measures of healthcare utilization and overall health status were 
measured over the 12-month period prior to the index admission; SD, standard deviation; StdDiff, standardized difference (a value >|0.10| is indicative of imbalance between 
groups).
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baseline antiplatelet use. For example, whereas the odds 
ratio for mortality was 4.78 (95% CI = 1.89–12.10) among 
patients without baseline antiplatelet use, it was 8.28 (95% 
CI = 2.86–23.99) among patients with baseline antiplate-
let use.

Discussion
To our knowledge, this large, population-based study is the 
first to examine the association of in-hospital bleeding 
events with LOS, days spent in critical care, complica-
tions, and mortality among patients undergoing neoplasm- 
directed surgeries in English hospitals.

In the present study, the crude incidence proportion of 
in-hospital bleeding events for the index admission ranged 
from 1.0% (95% CI = 0.6–1.3%) among patients under-
going prostate surgery to 3.0% (95% CI = 2.3–3.6%) 
among patients undergoing low anterior resection; these 
estimates are generally comparable to those in the existing 
literature. The rate of bleeding complicating a procedure 

has been reported to be 2.5% for mastectomy,23 0.5–2.6% 
for prostatectomy,24–26 1.3–1.9% for thoracic surgery,27 

0.4% to 6.4% for hysterectomy,28–30 and 10.9% for low 
anterior resection31 (for low anterior resection, the com-
paratively higher rate is likely explained by a broader 
definition of bleeding, which included not only hemor-
rhage and hematoma complicating a procedure but also 
seroma and acute post-hemorrhagic anemia). None of the 
aforementioned studies were based in UK, however, 
underscoring the unique contribution the present study 
adds to the literature.

We found that bleeding events were associated with sub-
stantial increases in both LOS and days spent in critical care, 
with MIDs in LOS ranging from 3.1 days (95% CI = 1.1–6.3) 
among patients undergoing mastectomy to 5.7 days (95% CI 
= 3.6–8.2) among patients undergoing low anterior resection, 
and MIDs in days spent in critical care ranging from 0.4 days 
(95% CI = 0.03–0.27) among patients undergoing mastect-
omy to 6.5 days (95% CI = 2.5–13.6) among patients 

Table 2 Characteristics of Index Admission and Surgery*

Patients without Bleeding Event;  
N = 25,987

Patients with Bleeding Event;  
N = 450

StdDiff

Index admission surgery type, N/%

Low anterior resection 2872 11.1% 85 18.9% −22.0

Hysterectomy 5978 23.0% 114 25.3% −5.4
Lung surgery 1511 5.8% 27 6.0% −0.8

Mastectomy 12,611 48.5% 195 43.3% 10.4

Prostate surgery 3015 11.6% 29 6.4% 18.2

Index admission primary diagnosis type, N/%
Malignant neoplasm of the primary site 18,459 71.0% 336 74.7% −8.3

Other malignant neoplasm 522 2.0% 10 2.2% −1.4

Other neoplasms* 7006 26.9% 104 23.1% 9.0

Surgical approach, N/%

Open 21,856 84.1% 388 86.2% −5.9
Minimally-invasive 4131 15.9% 62 13.8% 5.9

Index admission admitting status, N/%
Elective 25,552 98.3% 438 97.3% 6.8

Non-elective/emergency 435 1.7% 12 2.7% −6.8

Index admission year, N/%

2010 5013 19.3% 73 16.2% 8.1

2011 4869 18.7% 104 23.1% −10.8
2012 4791 18.4% 97 21.6% −8.0

2013 4403 16.9% 74 16.4% 1.6

2014 3714 14.3% 53 11.8% 7.4
2015 2818 10.8% 45 10.0% 2.6

2016 (through February 29th) 379 1.5% 4 0.9% 5.5

Notes: *Other neoplasms included benign neoplasms, carcinoma in situ, and neoplasms of uncertain behavior; StdDiff, standardized difference (a value >|0.10| is indicative of 
imbalance between groups).
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undergoing hysterectomy. Although not directly comparable 
due to differences in country and surgical groupings, the 
present finding are consistent with those of a study conducted 
by Stokes and colleagues,2 which used hospital administra-
tive data from the United States for patients undergoing 
various surgeries during 2006–2007. They reported that 
patients with bleeding-related complications or blood 

product transfusion experienced LOS that was 6 days longer 
(range 1.3 to 9.6 days depending on the surgery) and spent 
2.8 more days in intensive care (range 0.1 to 7.4 days 
depending on the surgery) that were than those without 
such complications or transfusions.

In the present study, bleeding events were also asso-
ciated with substantial increases in in-hospital infection, 
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Figure 2 Adjusted association of bleeding events with post-procedural hospital length of stay*. 
Note: *All difference in adjusted post-procedural hospital length of stay were statistically significant at P<0.05. 
Abbreviations: CI, confidence interval; MID, mean incremental difference.
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Figure 3 Adjusted association of bleeding events with post-procedural days spent in critical care*. 
Note: *All difference in adjusted post-procedural days spent in critical care were statistically significant at P<0.05. 
Abbreviations: CI, confidence interval; MID, mean incremental difference.
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acute renal failure, vascular events, and mortality. These 
findings are consistent with several prior studies examin-
ing the association of transfusion with these outcomes, 
conducted primarily in the setting of cardiac surgery.7–11 

The increased risk of these complications may serve as 
a mechanism by which bleeding events can lead to pro-
longed length of stay and more days spent in critical care.

In the post-hoc sensitivity analyses of the study out-
comes in patients with vs without baseline use of antipla-
telet medications, the association of in-hospital bleeding 
with the study outcomes was generally more pronounced 
among patients with baseline use of antiplatelet medica-
tions, particularly for complications and mortality; these 
finding may be indicative of more severe bleeding among 
such patients. Furthermore, these findings suggest that 
patients treated with antiplatelets who undergo these sur-
geries may be viewed as a high risk group for experiencing 
more severe outcomes related to in-hospital bleeding 
events.

Limitations
This study’s results must be interpreted in context of its 
limitations, which are primarily driven by data that are 
unavailable in the HES-APC. We defined in-hospital 
bleeding events using administrative codes for haemor-
rhage and haematoma complicating a procedure or reo-
peration for surgical arrest of postoperative bleeding; 

however, as noted above, we were unable to identify 
blood product transfusions in this study because blood 
product transfusions are not well captured in the HES- 
APC database.17 Additionally, the HES-APC data do not 
contain information on the quantity of blood lost, which 
further limited our ability to characterize the severity of in- 
hospital bleeding events. Although we cannot ultimately 
determine the severity of the bleeding events in the present 
study, their observed association with infections, vascular 
events, acute renal failure, and mortality (for each of 
which the use of blood product transfusion for the man-
agement of surgical bleeding has been implicated as 
a cause) suggest that many may have been severe enough 
to warrant blood product transfusion. Administrative data-
bases are also subject to measurement error resulting from 
the use of diagnosis codes to define clinical variables. It is 
possible that some bleeding events may have occurred, but 
a corresponding diagnosis was not recorded, resulting in 
under-identification of bleeding events. In such a case, the 
results could both underestimate the true incidence of 
bleeding events and be biased towards the null hypothesis 
of no difference in outcomes between patients with vs 
those without bleeding events. Second, although we used 
multivariable analysis to account for a variety of patient 
and surgical characteristics, we cannot rule out the possi-
bility of unmeasured confounders that affect both the risk 
of bleeding events and the outcomes; such unmeasured 
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Figure 4 Adjusted association of bleeding events with in-hospital sequelae and in-hospital mortality during index admission*. 
Notes: *Sequelae and mortality events were infrequent, which necessitated that we pool all patients from across the surgery groups when analyzing these outcomes; all 
difference in the incidence of sequelae and mortality were statistically significant at P<0.05. 
Abbreviations: CI, confidence interval; MID, mean incremental difference.
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confounders could include the skill of the surgeon and his 
or her staff, concurrent implementation of risk mitigation 
strategies for bleeding events and prevention of complica-
tions, or clinical factors such as tumor size and surgical 
complexity. Third, the HES-APC does not have informa-
tion on the use of products, such as hemostatic agents, that 
mitigate the impact of bleeding events. Future studies are 
needed to understand the extent to which hemostatic 
agents may attenuate the deleterious effects of bleeding 
events. We focused our analysis on the post-operative, in- 
hospital setting; it is possible that in-hospital bleeding 
events may be associated with longer-term undesirable 
outcomes. Finally, the results are limited to English 
patients meeting the study selection criteria and may not 
necessarily be generalizable to other countries. Despite 
these limitations, the HES-APC and linkage with CPRD- 
GOLD are an excellent source of large population-based 
data for epidemiologic research.

Conclusions
In conclusion, in-hospital bleeding events were associated 
with substantial increases in post-procedural LOS, days 
spent in critical care, and the risks of infection, vascular 
events, acute renal failure, and in-hospital mortality. This 
study quantifies a large clinical and economic burden 
associated with surgical bleeding among patients under-
going neoplasm-directed surgery within in English hospi-
tals; improvements in prevention and mitigation strategies 
for surgical bleeding may yield substantial benefits.
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