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Aim: To estimate rates of fracture-related infection (FRI) and nonunion and assess the healthcare bur-
den associated with FRI among patients with open reduction and internal fixation (ORIF) for Type Il
open tibial shaft fractures (TSFs). Methods: Patients with type Ill TSF requiring ORIF were identified using
MarketScan® Database. Healthcare utilization and total costs were compared using generalized linear
models. Results: The rates of FRI and nonunion were 35.99 and 36.94%, respectively, at 365 days. Patients
with FRI had a significantly higher rate of readmission, emergency room visit and total healthcare costs
compared with patients without FRI. Conclusion: Patients with an ORIF procedure for Type Il TSF have a
high risk of FRI and nonunion and; FRI significantly increased the healthcare burden.
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Annually, injuries resulting in open fractures of the long bones affect approximately 11.5 of 100,000 people in the
USA. These fractures occur mostly in the lower limbs with the majority (40%) occurring in the tibia bones [1].

Open fractures are classified by Gustilo Anderson (GA) Type (I-III), (2,3 which categorizes the fractures into
three groups based on the neurovascular status and severity level, in other words, the size of the open wound, the
contamination and soft-tissue injury. Contemporary treatment of fractures consists of open reduction and internal
fixation (ORIF) procedures including intramedullary nailing. Risk of complications, including fracture-related
infection (FRI) [4] and nonunion, increase with GA classification type with highest risks in GA Type III (IIIA,
IIB and IIIC) fractures, (5] which include neurovascular injury, bone loss and lacerations typically sustained by
high-impact/high-energy injuries (3]. The reported rates of FRI for open Type I1I tibial shaft fractures (T'SFs) range
from 6 to 39% (3] and nonunion has been reported between 14 and 48% of open TSF [6-9]. Presence of FRI
may delay bone union 3,5]. FRI and nonunions are also associated with high healthcare expenditure, prescription
utilization (e.g., opioids, anti-inflammatory drugs) and delayed patient healing. In some instances, reoperations
may be required to reach functional recovery, thus resulting in substantial economic burden [10]. Patients developing
non-unions have also been shown to incur more than twice the medical cost versus patients without nonunion [11].
Currently, there is a lack of nationally-representative data on the immediate and long-term risks of complications
in patients with open TSFs. Additionally, limited data is available on the economic impact of FRI for patients with
GA III open TSF that are treated with ORIE.

Objectives
The primary objective of this study was to estimate the short- and mid-term rate of FRI and nonunions, in a  Future =3

commercially insured population of patients treated with ORIF for all GA Type III open TSE The secondary ~ Medicine ™
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Table 1. Patient demographic and clinical characteristics.

N %
580 100%
Gender
Female 122 21.03%
Male 458 78.97%
Age (years)
18-24 127 21.90%
25-45 243 41.90%
46-64 210 36.21%
Payer
NA 19 3.28%
CDHP 42 7.24%
Comprehensive 20 3.45%
EPO 5 0.86%
HDHP 20 3.45%
HMO 63 10.86%
POS 41 7.07%
POS with capitation 5 0.86%
PPO 365 62.93%
Place of service
Emergency care 49 8.45%
Inpatient 502 86.55%
Other 14 2.41%
Outpatient 15 2.59%
Region
North Central 118 20.34%
North East 95 16.38%
South 261 45.00%
West 95 16.38%
Unknown 1 1.90%
Charlson Comorbidity Index Score
0 490 84.48%
1 59 10.17%
2-3 25 4.31%
4-5 3 0.52%
Above 5 3 0.52%
Comorbidities
Obesity 21 3.62%
Alcohol abuse 16 2.76%
Drug abuse 12 2.07%
Diabetes 38 6.55%

CDHP: Consumer-driven health plan; EPO: Exclusive provider organization; HDHP: High-deductible health plan; HMO: Health maintenance organization; NA: Not available; POS: Point of
service; PPO: Preferred provider organization.

objectives of this study were to identify risk factors associated with FRI, and to describe the economic burden on
the healthcare system from the perspective of a payer.

Methods

Data source

This retrospective observational cohort study of patients with GA Type III open TSF was conducted using
IBM MarketScan® Commercial Claims Data. This database contains administrative claims and eligibility records
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Open reduction internal fixation in tibial shaft fractures

Patients with ORIF in the in- or outpatient setting between January 2007-
June 2017 with at least 1 diagnosis of tibial fracture within 30 days of ORIF

(n = 806) (Excluded)
(15 )
L 156

Continuous enrollment for 180 prior to index date and at least 30 days
post index date

(n = 650)

L 70
Meet age requirements of 18—64 years of age
(n =580)

Figure 1. The sample selection process.
ORIF: Open reduction and internal fixation.

for approximately 40 million enrollees per year with commercial insurance (i.e., working-age adults and their
dependents). This database is suitable for this analysis as all diagnoses, procedures, inpatient, outpatient and
emergency room services, and paid prescriptions are longitudinally captured for all patients. MarketScan database
is in compliance with the Health Information Portability and Accountability Act of 1996 (HIPAA). All covered
lives have a unique identifier and complete demographic characterization (age, gender, US geographical region,
health insurance payer type, employment status, monthly enrollment status and an annual indication, etc). Only
de-identified patient records were used in this study; hence Institutional Review Board approval was unnecessary.

Patient selection parameters & study measures

Adult patients (18-64 years of age) with ORIF procedures including intramedullary nailing during an out- or
inpatient admission between 1 January 2007 and 30 June 2017, with at least one diagnosis indicative of any
GA Type I open TSF within 30 days of ORIF procedure were selected. Type III open TSF were identified
using International Classification of Diseases (ICD) ten diagnosis codes or a combination of ICD-9 codes for TSF
and ORIF with Current Procedural Terminology (CPT) or Health Care Common Procedures Coding System
(HCPCS) codes for use of vacuum-assisted closure, skin graft, or skin flaps (Supplementary Table 1). The date of
the ORIF procedure for outpatient cases or the date of admission for ORIF procedure (for inpatient admissions)
was defined as the index date. Patients were required to have a minimum of 180 days pre-index and at least 30 days
of follow-up continuous enrollment to ensure availability of information on comorbidities and risk factors during
pre-index and outcomes during follow-up periods.

Patient age, gender, region, payer type and site of service were recorded at index date. Comorbidities were assessed
using the Charlson Comorbidity Index (CCI) during the 180 days prior to the index date. Other risk factors such
as obesity, diabetes, alcohol and drug abuse were identified during the pre-index period. The primary outcome
measures included FRI or nonunion, each classified as binary measures based on ICD-9-CM, ICD-10 or CPT
codes (Supplementary Table 1). The aim was to identify diagnosis codes that indicate a FRI or nonunion. FRI
was identified at least 2 days post index for outpatient cases or from any time from date of discharge onward for
inpatient cases. FRI was measured at days 30, 60, 90, 180 (short-term) and 365 days, 18 and 24 months (mid-term)
while nonunion was measured at 365 days, 18 and 24 months (mid-term). There is minimal evidence of healing at
6 months and hence nonunion was not reported at earlier time periods. The diagnostic and procedural FRI codes
were reviewed by the senior medical investigator to help ensure accurate code selection. Healthcare utilization in
terms of readmission and emergency room visits and total cost to payers for inpatient, outpatient, emergency room
services and prescriptions were calculated at days 30, 60, 90, 180 and 365 days, and 18 and 24 months follow-up.
All reimbursed costs were adjusted to 2017 dollars using the Consumer Price Index (CPI) from the US Bureau of
Labor Statistics (BLS) [12].
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Table 2. Fracture-related infection and nonunion rates at different follow-up periods.

Patients with fracture-related Patients with enrollment (n) Rate
infection/nonunion (n)

Fracture-related infection

30-day follow-up
60-day follow-up
90-day follow-up
180-day follow-up
12-month follow-up
18-month follow-up
24-month follow-up
Nonunion
12-month follow-up
18-month follow-up

24-month follow-up

Fracture-related infection or nonunion

12-month follow-up
18-month follow-up

24-month follow-up

% 580 16.55%
125 554 22.56%
141 528 26.70%
140 443 31.60%
113 314 35.99%
9 228 41.23%
72 162 44.44%
116 314 36.94%
% 228 41.23%
68 162 41.98%
166 314 52.87%
132 228 57.89%
97 162 59.88%

Data analysis

Descriptive statistics were used to summarize proportions of patients with FRI and those with nonunions for the
different follow-up time periods. Median number of days from index to FRI was calculated. Proportions of patients
with readmission and emergency room admissions in the post-index period were compared between groups with
and without FRI. Similarly, the total medical and prescription cost was calculated overall at 30, 60, 90, 180 and
365 days and 18 and 24 months and were also compared between those who developed FRI and those who did
not. At 365 days follow-up, generalized linear models (GLM) with logit function were used to evaluate the adjusted
rates of readmission and emergency room visits among patients with and without FRI. Also, a GLM with log-link
function and gamma distribution was used to evaluate the mean adjusted total costs between patients with and
without FRI. The models were adjusted for age, gender, plan type, year of index ORIFE, place of service, region,
obesity, diabetes, alcohol abuse, drug abuse and CCI score.

Risk factors were assessed at 365 days follow-up using GLM with logit function and FRI (yes/no) as the
dependent variable. Independent variables included in the model were patient gender, age, region, obesity, diabetes,
alcohol abuse, place of service and CCI score.

As sensitivity analysis, intention to treat approach was used to determine the rates of infection and nonunion
at 365 days and 24 months follow-up. This approach provided us conservative estimates that could reduce the
potential selection bias due to inclusion of only those patients with continuous enrollment in the health plan.

Results

There were 580 patients included in the study (Figure 1) of which 21.03% (n = 122) were female. The majority of
patients (63%) were covered under preferred provider organization (PPO) plans. On average patients were enrolled
for 638 days (SD: 677; median 419). Eighty seven percent of patients had their index ORIF procedure during
an inpatient admission and 8.45% patients had index ORIF procedure in the emergency care, which would most
often lead to an inpatient admission (Table 1). The median number of days to first FRI recorded after index was 58
days among patients with FRI. In the first 30 days of follow-up, 16.55 % of patients had a FRI diagnosis (Table 2).
Over longer follow-up durations, the rates of FRI steadily increased up to 44.44% at month 24. For nonunion,
there was an increase in the rate from 36.94% at day 365 to 41.98% at month 24 (Table 2).

The readmission rate for the group of patients with FRI was significantly higher throughout the different follow-
up time periods. At the 30-day period, the rate of readmissions was more than three-times higher for the FRI
group as compared the no FRI group (44.79 vs 13.22%; p < 0.0001). The rate of readmission consistently stayed
higher for the group with FRI as the follow-up duration increased (Table 3). The rates for emergency room visits
were also higher for patients with FRI throughout the different follow-up time periods, however they were not
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Table 3. All-cause emergency room visits and readmissions.

Fracture-related infection No fracture-related infection p-value
n Patients with enrollment (n) % n Patients with enrollment (n) %

Emergency room visit
30-day follow-up 16 9 16.67% 52 484 10.74% 0.0994
60-day follow-up 32 125 25.60% 65 429 15.15% 0.0068
90-day follow-up 41 141 29.08% 66 387 17.05% 0.0024
180-day follow-up 45 140 32.14% 71 303 23.43% 0.0525
12-month follow-up 47 113 41.59% 60 201 29.85% 0.0351
18-month follow-up 48 94 51.06% 49 134 36.57% 0.0293
24-month follow-up 37 72 51.39% 37 920 41.11% 0.1919
Readmission
30-day follow-up 43 96 44.79% 64 484 13.22% <.00001
60-day follow-up 73 125 58.40% 78 429 18.18% <0.0001
90-day follow-up 95 141 67.38% 75 387 19.38% <0.0001
180-day follow-up 100 140 71.43% 78 303 25.74% <0.0001
12-month follow-up 86 113 76.11% 66 201 32.84% <0.0001
18-month follow-up 69 94 73.40% 47 134 35.07% <0.0001
24-month follow-up 56 72 77.78% 33 90 36.67% <0.0001

Table 4. Total healthcare cost.

All Fracture-related infection No fracture-related infection p-value
n Mean sD n Mean sb n Mean SD

30-day follow-up 580 $14,473 33,956 96 $37,597 59,689 484 $9886 23,539 <0.0001
60-day follow-up 554 $24,026 47,958 125 $54,596 78,301 429 $14,119 29,034 <0.0001
90-day follow-up 528 $30,567 54,400 141 $62,285 77,052 387 $19,011 37,225 <0.0001
180-day follow-up 443 $43,158 61,693 140 $76,480 79,.369 303 $27,761 43,799 <0.0001
12-month follow-up 314 $62,061 78,803 113 $103,450 93,931 201 $38,792 57,144 <0.0001
18-month follow-up 228 $76,840 95,943 94 $116,565 107,296 134 $48,973 75,916 <0.0001
24-month follow-up 162 $90,244 100,620 72 $140,227 117,317 920 $50,259 60,807 <0.0001

SD: Standard deviation.

always statistically significant. Consistently, throughout the different follow-up time periods the group of patients
with FRI had greater mean total healthcare costs compared with those without (at day 30: $37,597 vs $9886; p <
0.0001; at 24 months: $140,227 vs 50,259; p < 0.0001; Table 4).

At 365 days follow-up, the adjusted results showed that the rates of readmission (79.08 vs 30.49%; p < 0.0001)
and emergency room visits (44.79 vs 26.00%; p = 0.003) were statistically significantly higher for patients with
FRI as compared with patients without FRI (Figure 2). Similarly, patients with FRI had higher mean adjusted total
costs compared with patients without FRI (91,885 vs $31,186; p < 0.0001) (Figure 3). Logistic regression of risk
factors showed that region and year for index ORIF were significantly associated with the risk of FRI for 365 days
follow-up (Supplementary Table 2). North central region had 57% lower odds of FRI as compared with the West
region. As compared with the year 2016, all prior years for index ORIF surgery had statistically significantly higher
odds of FRI.

Based on intention to treat approach (n = 580), we found that rates of FRI and nonunion were high as well. For
FRI, the rates were 34.48 and 35.69% at 365 days and 24 months follow-up, respectively. For nonunion, the rates
were 24.48% and 25.86% at 365 days and 24 months follow-up, respectively.

Discussion

To our knowledge, this is the first US-based study utilizing a national database of insured patients to estimate risk
of both FRI and nonunions specific to high-risk TSF patients. The results of our study show a persistent risk of
FRI and nonunion, especially in this high-risk fracture population, substantially complicates patient recovery and
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80 No fracture-related infection
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Figure 2. The adjusted readmissions and emergency room visits rates (+ standard error) at 365 days follow-up
among patients with and without fracture-related infection.
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Figure 3. Mean adjusted total costs (+ standard error) at 365 days follow-up among patients with and without
fracture-related infection.

escalates healthcare cost. The literature reports rates of FRIs following ORIF procedures on the tibia ranging from
2 to 11% [13,14] without specifically considering open/high-risk fractures. Previous studies have reported ranges
from 16 to 36% of patients developing FRI after Type III open TSFs 3,15]. In line with published literature, our
nationally representative study of patients with GA Type III open TSE found that 17% and 36% of patients
developed FRI within 30 days and 365 days, respectively, post surgery. Our study also found that nonunions
developed in 41.98% of cases at 24 months similar to the rates reported in open fractures (17-48%) [6-9]. Study
by Salem reported that the mean time to union for Type III open tibial fractures was 44 weeks and 40% patients
had nonunion, this study showed a similar nonunion rate of 41% at 52 weeks [16].

All-cause readmissions and total healthcare cost were consistently greater in the FRI group at all follow-up
durations. In the first month after ORIF procedures, patients with FRI recorded average healthcare cost of $37,597
(SD: 59,689), and patients without FRI had an average cost of $9886 (SD: 23,539). At the end of 24 months, the
average cost of the group with FRI rose to $140,227 (SD: 117,317) which was still almost three-times greater than
the average cost for the group without FRI ($50,259 [SD: 60,807]). More effective clinical management during
surgical intervention may reduce the risk of FRI and minimize the ongoing complication risk and costs. The focus
must be on strategies that not only mitigate the immediate risk of FRI, but also reduce the risk during postoperative
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follow-up. Beaver ez al. calculated the costs among patients with and without FRI and found that in case of absence
of FRI, the total costs were very close to the amounts that we have found, $9407 per patient in Beaver ez /. study
and $9886 in our study [17]. However, the costs calculated in case of FRI were very different $13,739 as shown
in Beaver et al. study and $37,597 in our study. The possible reasons for difference can be different periods for
which the costs were measured and small sample size in case of the study of Beaver ¢t a/. but there could be other
contributing factors. Unadjusted analysis by Hoekstra ez al. reported a fivefold increase in the total healthcare costs
among patients with a deep infection versus those without infection in open tibial fractures [18]. Study by Hoekstra
et al. was conducted in Belgium with maximum follow-up time of 2 years for all patients [18]. Our US-based study,
at 1 years follow-up showed about a threefold increase in costs among patients with FRI as compared with patients
without FRI. The main difference in the results may be because Hoekstra ez /. compared patients with deep
infections, which may be severe cases than the cohort in our study that included patients with any FRI.

Underlying reasons for the statistical significance of procedure year as a predictor of FRI risk in our study cannot be
ascertained without further investigation. Lower rates of FRI in 2016 may have resulted from undetected temporal
trends in patient characteristics, surgical techniques, technologies and/or provider characteristics. Unknown or
unmeasured procedural characteristics may also have influenced FRI rates over time (e.g., nature of fractures type
IIIA, IIIB and ITIIC, quality of reduction, infection control practices, etc.)

These results should be viewed in light of several limitations. Our study looked only at the direct costs. Other
studies, like the one by Hak ez /. looked also on the indirect costs, caused by the loss of productivity [10). This can
be a subject for further studies. Another limitation is that all measures and factors included were only those available
in the claims, from recorded diagnoses for those who have insurance coverage. Therefore, other factors not captured
by administrative claims data which contribute to complication-related costs may have been under reported. Most
serious complications, however, are reliably documented in the claim file. Our findings may not generalize to
high-risk patients without insurance coverage. However, this database consists of healthcare information of over 40
million enrollees. Additionally, since it includes major US health plans across private insurances, it is representative
of the vast majority of patients aged 18—64 years. Another challenge with claims data is underestimation of outcome
variables when patients do not seek care (or are denied access). To that end, these data reflect estimated complication
risk, resource use and costs of those who sought care and were covered by one of the many plans in the database.
Also, the FRIs were identified based on ICD-9, ICD-10 and CPT codes and may be subject to coding errors
associated with any claims database. Similarly, identification of nonunion was solely based on the ICD diagnosis
codes without information about the union of bone through radiographs. Future large database studies utilizing
electronic medical records with information on radiograph to report nonunion are warranted to confirm the study
findings. Finally, we were not able to differentiate between GA Type IIIA, IIIB and IIIC fractures due lack of
specificity of the codes.

Conclusion

This study found that the short and mid-term rates of FRI and nonunion are high, reaching about 44 and 429%,
respectively, over the 2-year period in patients with an ORIF procedure for GA Type III open TSFs. Within this
high-risk population, FRI significantly increased need for hospital readmission and total healthcare costs.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: wwww.futuremedicine.com/doi/su
ppl/10.2217/cer-2019-0040
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was not required.

Summary points

Potential complications of Gustilo Anderson (GA) Type Il (IlIA, I1IB and 11IC) open tibial shaft fractures (TSF)
treated with open reduction and internal fixation (ORIF) include fracture-related infection (FRI) and nonunion.
The objectives of this study were to estimate rates of FRI and nonunion, as well as assess the healthcare burden
associated with FRI among patients with an ORIF procedure including intramedullary nailing for all GA Type llI
open TSFs.

IBM MarketScan® Commercial Claims Database was used to identify patients with any GA type Ill TSF requiring
ORIF.

Generalized linear models were used to adjust for patient demographic and clinical characteristics to compare
healthcare utilization (readmission, emergency room visits) and total costs among patients with and without FRI.
The rates of FRI ranged from 16.55% at 30 days to 44.44% at 24 months, while the rates of nonunion ranged
from 36.94% at 365 days to 41.98% at 24 months.

At 365 days follow-up, patients with FRI had a statistically significantly higher adjusted rate of readmission (79.08
vs 30.49%), emergency room visit (44.79 vs 26.00%) and mean total healthcare costs ($91,885 vs $31,186)
compared with the patients without FRI (all p < 0.05).

This is the first US-based study utilizing a national database of insured patients to estimate risk of both FRIs and
nonunions specific to high-risk tibia fracture patients.

This study found that the short and mid-term rates of FRI and nonunion are high and; FRI significantly increased
the healthcare burden within this high-risk population.
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