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ABSTRACT

Objectives Determine the impact of infections on direct
costs and healthcare resource use in England for patients
undergoing intramedullary nailing (IMN) for tibial shaft
fractures.

Design Non-concurrent cohort based on retrospectively
collected data with 2-year follow-up.

Setting England.

Participants The study population included adult patients
(=18 years) in England with a diagnosis of tibial shaft
fracture (International Classification of Diseases-10, S822)
in the inpatient setting between May 2003 and June 2017
followed by a procedure for IMN for tibial shaft fracture
within 30 days. Patient data were derived from the Clinical
Practice Research Datalink linked to National Health
Service Hospital Episode Statistics datasets.

Primary independent variable Infection.

Primary and secondary outcome measures The
primary outcome was total inpatient costs from index stay
admission through 1 year of follow-up. Secondary outcome
included cumulative total healthcare costs, and resource
utilisation at 30 days, 90 days, 1 year and 2 years.
Results Overall, 805 patients met the inclusion criteria.
At index inpatient stay, 3.7% had a post-IMN infection,
rising to 11.7% at 1 year. One-year inpatient costs were
80% higher for patients with infection (p<0.001). Total
costs were estimated to be £14 756 (95% Cl £13 123 to
£16 593) for patients with infection versus £8279 (95%

Cl £7946 to £8626). Length of stay (LOS), readmission
and reoperation were the key drivers of healthcare costs
(all p<0.001). After adjustment, LOS was higher by 109%
(95% Cl 62% to 169%), from 10.5 days to 21.9 days, for
patients with infection. The odds of being readmitted or
requiring reoperation were higher by 5.18 times (95%

Cl 3.01 t0 9.13) and 2.47 times (95% Cl 1.48 t0 4.09),
respectively, for patients with infection versus those
without infection.

Conclusions Post-IMN infection significantly increases
inpatient costs, LOS, readmissions and reoperations
associated with tibial fracture fixation. Healthcare burden
could be reduced through novel surgical site infection
prevention strategies.

INTRODUCTION

Tibial shaft fractures are the most common
type of long-bone fracture. They can be either
closed fractures, where the skin remains
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Strengths and limitations of this study

» This is the first study to quantify the healthcare
resource burden of infections following tibial shaft
fractures treated with intramedullary nailing in
England.

» The study had a long-term and cross-sector per-
spective that included inpatient, hospital outpatient
and primary care parameters.

» This study only considered patients with complete
follow-up, thus, excluding very severe patients with
short life expectancy.

» Some costs were not directly available from the
Clinical Practice Research Datalink dataset and
were sourced from published national sources.

» The study relied on clinical codes to identify super-
ficial and deep infections which may be subject to
coding errors and misclassifications.

intact, or open fractures (accounting for 25%
of all tibial shaft fractures) where the skin is
broken.'

Intramedullary nailing (IMN) is a common
surgical treatment for this type of injury.
Infection after IMN is a potential compli-
cation, especially in severe open fractures,
that can delay wound healing and fracture
repair.”” If left untreated, an infection may
lead to permanent loss of function of the
affected limb.? > ® Open fractures are espe-
cially prone to infection due to wound expo-
sure to the environment with the risk of
infection depending on the severity of soft
tissue damage.* Patients with cases of extreme
and uncontrollable infection may require
limb amputation to prevent deterioration
and maintain quality of life.?

Infections following fracture fixation are
subclassified according to the depth of the
infection: superficial (subcutaneous region),
deep (muscle/fascial region) or organ/space
infections.” However, there is debate over the
usefulness of these terms, as they can be arbi-
trary depending on the location of an infec-
tion.® A US study reported an infection rate
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of 2% after IMN for closed fractures compared with 7.1%
for open fractures.® A Belgian study reported an infection
rate of 4.3% in patients with open or closed fractures,
of which 1.4% were deep.” In a meta-analysis of studies
investigating prophylactic antibiotic use in patients with
open tibial fractures treated with IMN, the risk of infec-
tion increased with severity of the fracture, rising to over
31% among patients with the most severe injury (and who
received systemic antibiotics only).”

Patients who experience infection are more likely to
require additional surgeries, extended hospital stays and
extensive treatment for postoperative infection.”*° There
are only a limited number of studies, however, which
compare healthcare resource utilisation and treatment
costs for tibial shaft fractures with and without postsur-
gical infection across Europe. In a Belgian study, health-
care costs were five times higher and total length of stay
(LOS) six times longer for open tibial shaft fracture
patients with deep infection versus those with no infec-
tion."” In Denmark, the average direct cost of treating a
severe open tibial shaft fracture was estimated to be €49
817 increasing to €81 155 when infection occurred. In
patients treated within 7 days of their injury, infection
increased the average direct cost and LOS by 124% and
135%, respectively.'!

The aim of this non-concurrent cohort study was to
determine the impact of infections on healthcare costs
and resource utilisation for patients undergoing IMN
for tibial shaft fractures from the perspective of National
Health Service (NHS) England.

MATERIALS AND METHODS

Study design and setting

This was a non-concurrent cohort study based on retro-
spectively collected data of patients in England who
underwent IMN for tibial shaft fracture (open or closed)
and were followed-up for 2 years. Data derived from the
Clinical Practice Research Datalink (CPRD) linked to
National Health Service (NHS) Hospital Episode Statis-
tics (HES) and NHS reference costs were used to calcu-
late costs and healthcare resource utilisation associated
with infections (superficial or deep) following IMN.

The CPRD database is an anonymised longitudinal
dataset of over 11.3 million medical records from over
600 primary care practices across the UK."* It includes
all visits to primary care and other healthcare profes-
sionals, reasons for visits, diagnoses observations, medical
history, test results, referrals and prescriptions.' For this
study, HES data relating to admissions to, or attendances
at, English NHS healthcare providers were used (HES
Admitted Patient Care data).

Patients

The study population included adults (aged =18 years)
who were diagnosed with an isolated or not tibial shaft
fracture (International Classification of Diseases[ICD]-10

code: $82.2) between May 2003 and June 2017 and who

subsequently underwent IMN within 30 days of diagnosis.
Inclusion and exclusion criteria and patient attrition flow
are depicted in figure 1.

Infections were identified using clinical diagnosis
codes either from the inpatient setting (ICD-10, Office
of Population Censuses and Surveys[OPCS] codes) or
the primary care setting (read codes) (see online supple-
mentary file S1). Only patients with an infection occur-
ring on (or after) day 2 following the index date were
considered eligible for the infection cohort, as this would
exclude infections that were present preoperatively. For
subgroup analysis, diagnosis codes were categorised into
either deep or superficial infections and open or closed
fractures based on medical knowledge.

Data collection

The primary outcome of this study was total inpatient costs
(Healthcare Resource Group (HRG), unbundled HRG
and specialised care) accrued beginning from index stay
admission through 1 year of follow-up postdischarge from
the index stay. Secondary endpoints included cumulative
total healthcare costs and resource utilisation for 30 days,
90 days, 1 year and 2 years of follow-up postdischarge of
the index stay. Total healthcare costs comprised inpatient,
hospital outpatient and primary care costs (consisting of
consultations, prescriptions and tests/investigations).
Healthcare resource utilisation included LOS, readmis-
sions, reoperations, days in intensive care unit, hospital
outpatient visits, diagnostic tests and primary care visits.
Time to infection was an additional secondary outcome.

Resource use and costs

Healthcare cost data were estimated based on the health-
care resource utilisation reported in CPRD/HES and
the unit cost associated with each service from an NHS
perspective. In England, NHS provides preventive medi-
cine, primary care and hospital services to 88% of the
citizens. Responsibility for publicly funded healthcare
remains with the Secretary of State for Health, supported
by the Department of Health."” Hospitals are reimbursed
by NHS according to the amount and type of activity that
they perform using HRGs."

Inpatient costs

The 2017/2018 HRG Reference Costs Grouper soft-
ware was used to generate HRG codes for each inpatient
admission.'” '® Each HRG code was assigned an appro-
priate cost from NHS Reference Costs,"” using admission
method, LOS, trim point and the patient classification
to associate the relevant costs.”” ' ¥ Inpatient stays were
considered as long stays for admissions lasting =2 days
in line with NHS reference costs.'"® *” Unbundled HRGs
were automatically generated by the Grouper software
and assigned relevant costs."’ Specialised care episodes
were identified using the Prescribed Specialised Services
Tool 2017/18 software and top-up costs were applied as a
percentage increase to the HRG cost.”
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Figure 1

Patient screening and enrolment according to the study inclusion/exclusion criteria. CPRD, Clinical Practice

Research Datalink; HES, Hospital Episode Statistics; OPCS, Office of Population Censuses and Surveys.

Hospital outpatient costs

Outpatient costs were derived from the CPRD referral
file where the referral type was classified as ‘outpatient’
and matched against NHS reference costs for the same or

closest matching specialty.17 19

Primary care costs

Consultations from the CPRD consultations file were
categorised based on the setting (clinical, surgery,
home, telephone and administrative) and healthcare
provider (doctor, nurse and other professional). Costs
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were sourced from the Unit Costs of Health and Social
Care.”

Laboratory and diagnostic tests from the CPRD tests
file were manually matched to the closest NHS test cate-
gory and assigned NHS Reference Costs.'®

Medication categories were based on British National
Formulary classifications as recorded in the CPRD therapy
file, and unit costs were obtained using the® Prescription
Cost Analysis 2017 using the mean subparagraph cost
associated with each medication.”

Follow-up period and cohort definitions

Follow-up time was calculated as the difference between
the index discharge date and the last date of observation.
Only patients with follow-up data at the relevant time
point were included in the analysis.

Statistical analyses

All analyses were conducted using R Studio V.3.4.3. Statis-
tical significance was set a priori at p<0.05 (two-sided).
Study variables were analysed descriptively. Time-to-
infection was depicted graphically using the Kaplan-Meier
estimator. Unadjusted comparisons of patient demo-
graphics, comorbidities and medication use between
groups were performed using t-tests for continuous vari-
ables that were approximately normal, and Wilcoxon
rank-sum tests for continuous variables that were not
normally distributed. Prespecified subgroup analyses
allowed for stratification of results according to type of
fracture (open vs closed) or type of infection (superficial
vs deep).

Generalised linear models were used to adjust for
confounding, to isolate the association between surgical
site infection and the outcomes. Covariates were identi-
fied a priori as risk factors for the study outcomes based on
clinical knowledge. A backwards stepwise procedure was
applied according to the Akaike information criterion.
Missing data were not imputed. Except for in the sensi-
tivity analyses, patients with missing data were excluded
from analyses.

Sensitivity analyses at all time points were conducted
using data from the subgroup of patients who had
completed 2-year follow-up for total costs, LOS, readmis-
sion (rate and mean count) and reoperation (rate and
mean count).

Patient and public involvement

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

RESULTS

Patient baseline characteristics

Of the 10 825 patients identified as having suffered a
tibial shaft fracture, 3005 received IMN. Of these, a
total of 805 patients met the inclusion criteria and were
included in the study (figure 1). The mean follow-up time

was 4.8 years. The mean (SD) age was 40.8 (17.2) (see
table 1 for index stay; online supplementary file S2). A
majority of patients were men (n=590; 73.3%) and most
had suffered a closed (n=663; 82.4%) tibial shaft fracture.
Among patients with an open fracture, a significantly
higher proportion of patients (10.6%) experienced an
infection compared with 2.3% of patients with a closed
fracture (p<0.001; table 1).

Infection rates

During the index stay, 30 patients (3.7%) experienced an
infection. Among patients with 30 day, 90 day, 1 year and
2 years postdischarge follow-up data, infection rates were
respectively: 8.0%, 9.2%, 11.7% and 13.4% (figure 2).

One-year inpatient costs

Among patients with index stay plus l-year postdischarge
data (N=686), the mean l-year total inpatient cost was
significantly higher among patients who experienced
an infection (£15 580; n=80) compared with patients
without infection (£7746; p<0.001). After adjusting for
fracture type (open/closed), age, smoking status, index
year, diabetes, COPD, inpatient waiting time for surgery
and compartment syndrome, mean costs were 80% (95%
CI: 58%, 104%) higher, respectively (£13 672 [95% CI:
£12 122, £15 420] versus £7616 [95% CI: £7301, £7944];
p<0.001), (figure 3).

One-year total costs

Adjusted total costs were £14 756 (95% CI £13 123 to
£16 593) among patients who experienced an infec-
tion versus £8279 (95% CI £7946 to £8626; p<0.001)
in patients without infection—a 78% increase in total
costs as a result of infection (95% CI 57% to 102%)
(figure 3).

One-year healthcare resource use

For the majority of healthcare resource categories, the
presence of infection was associated with a statistically
significant increase in resource use versus no infection
(table 2). Key drivers of increased costs were LOS, read-
mission and reoperation rates, which were all significantly
higher in patients with infections (all p<0.001). After
adjustment, LOS was increased by 109% (95% CI 62%
to 169%) from 10.5 days to 21.9 days. The odds of being
readmitted or requiring reoperation due to infection was
increased by 5.18 times (95% CI 3.01 to 9.13) and 2.47
times (95% CI 1.48 to 4.09), respectively.

Total costs from index stay to 2-year follow-up

Atall-time points, mean total costs were statistically signifi-
cantly higher for patients with an infection compared
with those without (p<0.001) (figure 4). Adjusted mean
total costs of care in patients with infection versus no
infection over time were: £11 257 versus £7017 at 30 days;
£11 949 versus £7423 at 90 days and £16 626 versus £9439
at 2 years (all p<0.001).
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Index stay
All enrolled No infection Infection
patients (N=805) (N=775) (N=30) P value

Age (years), mean (SD) 40.8 (17.2) 40.7 (16.8) 43.0 (23.9) 0.61

Men 590 (73.3) 569 (73.4) 21 (70.0)

Charlson score, median (range) 0.00 (3.00) 0.00 (2.00) 0.00 (3.00) <0.001

Diabetes, n (%) 27 (3.4) 27 (3.5) 0 (0.0 0.62
S COPDN(®) 80O 81O 000 100
Congestive heart failure, n (%) 2 (0.3) 2(0.3) 0(0.0) 1.00
© Hypertension,n(%) 1208 208 000 100
Compartment syndrome, n (%) 27 (3.4) 22 (2.8) 5(16.7) <0.01
ndexepisode
Inpatient waiting time (days) for surgery, 1.4 (2.4) 1.4 (2.4) 0.70 (2.4) 0.14
mean (SD)

Open fracture 142 (17.6) 127 (16.4) 15 (50.0)

Received >1 prescription for opioids in the 16 (2.0) 15(1.9) 1(3.3) 0.46
12 months prior to the index stay, n (%)

COPD, chronic obstructive pulmonary disease.

Healthcare resource use from index stay to 2-year follow-up among patients who experienced an infection compared
Multivariate analysis demonstrated that LOS, readmis-  with those who did not (p<0.001). At 30 days, infection
sions (rate and mean; figure 5) and reoperations (rateand  increased the adjusted LOS from 8.9 days to 15.0 days and
mean; figure 6) were consistently higher at all timepoints  at 2 years from 11.3 days to 24.6 days (both p<0.001). The
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Figure 2 Cumulative percentage of infection events recorded postindex date.
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Figure 3 Breakdown of 1 year total costs by infection status (adjusted analysis); ***p<0.001. NS, not significant.

adjusted readmission rate increased from 7.1% at 30 days
to 51.3% at 2-year follow-up in patients without infection
compared with an increase from 44.1% to 77.6% in the
infection group (figure 5). The adjusted reoperation rate
increased from 1.3% at 30 days to 31.2% at 2 years in the
absence of infection, whereas in the infection group, the
rate increased from 11.5% to 49.0% (figure 6).

Subgroup analyses

Multivariate analysis by infection type resulted in mean
l-year inpatient costs of £7614, £12 814 and £15 513,
respectively for no infection (n=606), superficial infec-
tion (n=54) and deep infection (n=26) (online supple-
mentary file S2). Analysis by fracture type showed a
higher l-year infection rate among patients with open
fractures (27.4%) versus closed fractures (8.6%). Mean
adjusted inpatient costs at 1 year for patients with and
without infection were £19 542 versus £9495 for patients

with open fractures and £12 178 versus £7278 for patients
with closed fractures.

Sensitivity analyses

A total of 588 patients (73%) out of the 805 patients at
index had data for the full 2-year follow-up period. Results
for total costs, LLOS, readmissions (rate and mean) and
reoperations (rate and mean) at each time point were
consistent with those of the primary analyses (online
supplementary file S2).

DISCUSSION

This study used CPRD-linked HES data to determine
the impact of infection on English healthcare costs and
resource utilisation associated with patients undergoing
IMN for tibial fracture. Infection rates at 1 year and 2 years
(11.7% and 13.4%, respectively) were comparable with

Table 2 One-year healthcare resource use by infection status

Multivariate analysis

No infection (N=606)

Infection (N=80)

Mean (95% CI) Mean (95% CI) P value

LOS, days 10.5 (9.7 to 11.4) 21.9 (17.3 t0 27.7) <0.001
ICU LOS, days 0.01 (0.01 t0 0.02) 0.01 (0.00 to 0.02) 0.91
Number of readmissions 0.5 (0.5 to 0.6) 1.5(1.2t0 1.8) <0.001
Readmission rate, % 35.9 (32.1 t0 39.9) 74.4 (63.4 to 83.0) <0.001
Number of reoperations 0.2 (0.2100.3) 0.6 (0.5t0 0.8) <0.001
Reoperations rate, % 20.3(17.2 10 23.8) 38.6 (28.3 to 50.0) <0.001
Number of hospital outpatient referrals 1.8 (1.6 to0 2.1) 1.7(1.2to0 2.1) 0.44
Primary care resource use

Number of primary care events 30.9 (29.2 to 32.7) 45.9 (39.0 to 54.0) <0.001

Number of tests and examinations 14.0 (11.4 to 16.6) 22.1 (13.9t0 31.3) 0.052

ICU, intensive care unit; LOS, length of stay.
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the 10.5% rate reported in a 2014 meta-analysis.” Mean
inpatient costs measured after 1 year were predicted to be
80% higher (£6056) for patients with infection compared
with those without infection, while overall costs were
78% higher. The greatest cost drivers were hospital LOS
(109% increase at 1 year), readmissions (odds of being
readmitted increased by 5.18 times at 1 year) and reop-
erations (odds of reoperation increased by 2.47 times at
1 year). The 2-year follow-up in this study meant that we
were able to capture changes in resource use over time
associated with infection, such as readmission and reop-
eration. The findings of this study highlight the substan-
tial impact on healthcare resource utilisation and costs
to the English NHS, from both the hospital and primary
care perspective.

This study is the first to quantify the additional health-
care resource burden of infections following tibial frac-
tures treated with IMN in England with a long-term
perspective, which includes inpatient, hospital outpatient
and primary care parameters. Differences in healthcare
systems, patient populations and treatment pathways
make direct comparison with studies from other countries
challenging; however, our findings are in line with results
of studies from Belgium and Denmark.'’ "' Hoekstra et al
demonstrated five times higher healthcare costs and six
times longer LOS for open tibial shaft fracture patients
with deep infection versus those without infection in
Belgium."” Although the magnitude of the increase in
costs and LOS observed in our study is not as substantial,
differences in patient populations may be a contributing
factor, as Hoekstra et al did not limit their study popu-
lation to intramedullary nail fixation."” In their Danish
study, Olesen et al estimated a 60% increase in direct costs
and an 80% increase in LOS resulting from infected open

tibial fractures,' consistent with the magnitude of the
increase observed in the current study; absolute LOS (74
days) and direct healthcare costs (€81 155) in the pres-
ence of infection were substantially higher than in our
study, however, which may in part reflect the most severe
types of wounds considered in the Danish study, all of
which were open fractures and 80% of which were Gustilo-
Anderson classification 3. Furthermore, a US-study found
that surgical site infections nearly doubled inpatient costs
to $109 000 in patients with isolated fractures.**

Surgical site infections remain one of the most chal-
lenging complications in trauma surgery.”> Over the past
decades, surgical site infection incidence has decreased,
especially deep infections in patients with open tibial frac-
tures.”® The question remained whether these rates could
be decreased further. Still, no infections occurred in two
studies in complex tibial fracture patients treated with
antibiotic coated intramedullary tibia nails.?” ** Based on
consensus opinions, they may be a promising option for
prevention of surgical site infections in open fractures or
revision cases.” Other approaches to prevent infections
through local delivery of antibacterials were based on
specialised biomaterials formulated as additives in bone
void fillers such as bone cement or bacteriostatic bone
substitute materials.”” ** ' Moreover, in order to prevent
infections, open fractures should be managed according
to the UK National Institute for Health and Care Excel-
lence guideline and the Open fracture British Ortho-
paedic Association Standard for Trauma and Orthopedics
(BOAST) %%

This study is subject to the following limitations: (1)
potential bias in the patient population as we only consid-
ered patients with complete follow-up, thus excluding
very severe patients with short life expectancy or with few
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patient; **p<0.001. Data plotted are means+95% CI.

comorbidities, limiting the generalisability of the findings
to this subgroup; (2) identification of relevant patients
for inclusion in the study was based on OPCS, ICD-10 and
primary care-based read codes. The data may be suscep-
tible to coding errors and misclassifications. Surgical site
infections were defined following the Centers for Disease
Control and Prevention (CDC) criteria.** *° Recently it
became clear that the CDC definition for infection prob-
ably is not sufficient to define fracture-related infections.
One important reason is the fact that the subdivision of
infection into superficial and deep infection is arbitrary.*
However, the use of the CDC definition was standard

during our study period (2003-2017); (3) medication
use was costed as recorded in CPRD, that is, averaged to
the cost of the drug family/British National Formulary
sub-paragraph; (4) dispensing costs were not included;
(5) outpatient specialties from CPRD did not always
exactly match outpatient specialty categories from NHS
Reference Costs; when there was not an exact match, the
closest matching specialty was chosen; (6) costs were not
directly available from the CPRD dataset and hence unit
costs had to be sourced from published national sources
for primary and secondary care and for drug prices; (7)
economic assessment was limited to direct healthcare
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costs while infections could lead to permanent functional
loss and potentially increase in secondary costs;*> and
(8) all potential confounders could not be adjusted for,
limiting the association between increased healthcare
resource utilisations and costs with surgical site infections.

Our study provides important evidence as to the short-
term to mid-term direct economic consequences of infec-
tion following tibial fractures. By increasing the sample
size, the impact of infection type (superficial/deep) and
fracture type (open/closed) could have been explored
more robustly. Additional validation of clinical codes

used to identify relevant data would have allowed us to
account for any potential variation in clinical coding
practice. Broadening the perspective to include indirect
costs would allow the additional burden of infection to be
established, such as rehabilitation and absenteeism.

CONCLUSION

This study confirms that infection presents a substantial
healthcare burden, leading to significantly increased
hospital LOS, need for hospital readmission and

Galvain T, et al. BMJ Open 2020;10:€035404. doi:10.1136/bmjopen-2019-035404
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reoperation, and increased use of general practictioners
and other primary care resources. As such there exists
an unmet need for alternative medical technologies and
infection prevention strategies that could help to reduce
infections in tibial shaft fractures and reduce costs. Our
study indicates that the potential mid-term (1-2 years)
saving to the English NHS of is around £6500 per patient.
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