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Introduction: Risk factors associated with various adverse outcomes for patients undergoing open
reduction and internal fixation (ORIF) of the ankle, and how these risks differ between younger and older
patient populations, has not been clearly established. Objective quantitative data may aid physicians in
surgical decision making, individualizing postoperative management, and targeting interventions for
reducing postoperative comorbidity. The purpose of this study is to compare the incidence of and risk
factors for adverse postoperative outcomes following ORIF of ankle fractures across patient age groups.
Materials and methods: Charts of patients age 18 years and older who underwent open reduction and
internal fixation (ORIF) for any closed, non-polytraumatic, non-pilon ankle fracture at a single institution
between the years 2008 and 2018 were reviewed. Demographic information, comorbidities, and
postoperative outcomes were collected. Relative risks for adverse outcomes were calculated and
compared between patients younger than 50 and patients 50 years and older.
Results: A total of 886 patients were included, 375 (42.3%) of which were over age 50. In both age groups,
risk of infection was significantly increased among patients with hypertension, although risk among
older patients (RR = 3.52, p = 0.004) was greater than that among younger patients (RR = 2.46, p = 0.017).
In patients younger than 50, significant risk of wound dehiscence was associated with tobacco use
(RR = 3.39, p = 0.022), substance use (RR = 3.07, p = 0.020), and CHF (RR = 12.77, p < 0.001). Risk of implant
failure was significantly increased among younger patients with HIV (RR = 4.33, p = 0.026), CHF
(RR = 10.54, p < 0.001), and CKD (RR = 10.54, p < 0.001), and among older patients with HTN (RR = 4.51,
p = 0.006), CHF (RR = 5.83, p < 0.001), and tobacco use (RR = 3.82, P = 0.001).
Conclusion: Patients undergoing ORIF of the ankle should be well-informed of the potential risks of
surgery as they pertain to specific comorbidities. Multidisciplinary approaches are warranted for
appropriate management of patients with multiple comorbidities.

© 2019 Elsevier Ltd. All rights reserved.

Introduction

Ankle fractures are among the most common osseous
orthopaedic injuries with studies showing an incidence of 122–
184 per 100,000 patients [1–3]. Open reduction and internal
fixation (ORIF) is the mainstay of treatment for the nonelderly
population and is still employed commonly in the elderly
population on a case by case basis [4]. Some studies have shown

that age itself is a significant risk factor for major complication
after ORIF of fractures [3]. Others have primarily assessed risk
factors for postoperative complications among elderly patients,
with minimum patient ages ranging from 60 to 80 years old [5,6].

It is important to take into account that the incidence of specific
comorbidities varies across age ranges, and may impact patient health
andrecoverydifferentlyasphysiologychangeswithincreasingage.For
example, among the geriatric population in particular, dementia,
smoking, peripheral vascular disease, and diabetes have been cited as
sources of wound complications [7]. For the general population, the
literature has cited various factors as risks for postoperative
complications after ankle fractures; impaired wound healing,  infec-
tion, and malunion have been cited as common complications [8],
while diabetes, obesity, and smoking have all been cited as general
predictors of complications, regardless of patient age [9].
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Quantified associated risks of specific variables and outcomes,
and how these risks differ between younger and older patient
populations has not been clearly established. While it is important
to understand possible risk factors associated with adverse
outcomes in the geriatric population, clinical care must be
optimized for all patients. Identification of at-risk patients may
aid physicians in surgical decision making, individualizing
postoperative management, and targeting interventions for
reducing postoperative comorbidity. As such, a fundamental
understanding of the risk factors associated with adverse out-
comes as they pertain to patient age is necessary. The purpose of
this study is to compare the incidence of and risk factors for
adverse postoperative outcomes across different patient age
groups.

Methods

Data collection

A retrospective chart review of patients age 18 years and older
who underwent open reduction and internal fixation (ORIF) for a
medial malleolar, lateral malleolar, posterior malleolar, bimalleo-
lar, or trimalleolar ankle fracture at a single institution between
2008 and 2018 was conducted. Patients were selected using
Current Procedural Terminology (CPT) codes 27766, 27769, 27784,
27792, 27814, 27822, and 27829. Patients with polytraumatic
injuries, open fractures, and pilon fractures were excluded.

Patient demographics, comorbidities, and postoperative com-
plications were collected. Incidence of complications was com-
pared between patients younger than 50 years old and patients age
50 and older. Secondary analysis compared incidence of compli-
cations across four age groups: 18–25, 26–49, 50–74, and greater
than or equal to 75 years of age.

Risk factors for adverse postoperative outcomes were then
compared between patients age 18–49 years and patients age 50
years and older. Comorbid conditions assessed as risk factors
included HIV status, diabetes mellitus (DM), peripheral neuropa-
thy, hypertension (HTN), chronic obstructive pulmonary disease
(COPD), congestive heart failure (CHF), chronic kidney disease
(CKD), and “other pulmonary disorders” (hyperactive airway
disease, asthma, history of pulmonary embolism, obstructive
sleep apnea, bronchitis, or pulmonary hypertension, as docu-
mented in the patient note). Immunosuppressive drug use, tobacco
use, alcohol use, and substance abuse were also assessed.

Clinical outcomes were evaluated during follow-up visits at 2
weeks, 6 weeks, 3 months, 6 months, and 12 months. Absence of
tenderness to palpation at the fracture site and ability to fully bear
weight through the affected extremity defined union clinically.
Radiographic union was defined as continuity of at least three
cortices in two radiographic views and the presence of trabeculae
traversing through the fracture line. Radiographs were indepen-
dently evaluated by a fellowship-trained foot and ankle surgeon
who was not otherwise involved in clinical care, surgical
management, or data collection.

Operative and postoperative care

All operations were performed by foot and ankle fellowship-
trained orthopaedic surgeons. Postoperatively, patients were
splinted and instructed to be non-weight bearing for six to eight
weeks. At the 6–8 week timeframe, patients were allowed to
weight bear with the use of a walking boot as tolerated. Non-
weight bearing status was extended for an additional 2–6 weeks if
clinical or radiographic union was determined to be delayed by the
surgeon. A standardized 12-week non-weight bearing protocol
was established for all diabetic patients.

Statistical analysis

Relative risks for adverse outcomes were calculated and
compared between the two patient age groups. SAS software
(SAS Institute, Cary, NC) was used to perform all statistical
analyses. When appropriate, analysis of variances (ANOVA), chi-
square, and Fischer's exact test were used. Cochran-Mantel-
Haenszel tests were used for risk assessment to adjust for
confounding variables. Statistical significance was set at p < 0.05.

Results

A total of 1654 patients were identified. Of these, 257 were
excluded as repeats, and 511 were excluded due to diagnosis of
polytrauma, pilon fracture, open fracture, or injury which was
not specifically an ankle fracture. The remaining 886 patients
were included, 375 of which (42.3%) were 50 years or older.
Older patients had significantly higher rates of wound dehis-
cence (p = 0.033) and nonunion (p = 0.004). Differences in rate of
infection, sepsis, deep vein thrombosis, implant failure and
other complications between the two age groups were not
significant (Table 1). Further stratification of patients into four
age groups showed significant differences in rate of nonunion,
with greatest incidence in patients 50–74 years (6.3%), followed
by 75 and older (5.0%), 18–25 (3.7%), and 26–49 years (1.7%),
respectively (Table 2).

Analysis of risk factors for complications are shown in Tables 3–7.
Risk of infection (Table 3) was significantly increased amongpatients
with HTN in both age groups, although relative risk among patients
50 years and older (RR = 3.52, p = 0.004) was greater than that among
patients younger than 50 (RR = 2.46, p = 0.017). Risk of infection was
also significantly increased among those with CHF in both groups,
though again greater in the younger group (RR = 15.81, p < 0.001)
than the older group (RR = 4.04, p = 0.001). Risk of infection among
patients with CKD younger than 50 (RR = 6.92, p = 0.002) was greater
than that of patients older than 50 (RR = 1.81, p = 0.201).

Table 4 displays risk factors for wound dehiscence. Patients
younger than 50 were at significantly increased risk of wound
dehiscence if concurrent tobacco use (RR = 3.39, p = 0.022),
substance use (RR = 3.07, p = 0.020), or CHF (RR = 12.77,
p < 0.001) were present. These factors were not significant risks
for dehiscence among patients 50 years and older.

Risk factors for implant failure are shown in Table 5. Younger
patients with HIV (RR = 4.33, p = 0.026), CHF (RR = 10.54, p < 0.001),
and CKD (RR = 10.54, p < 0.001) were at greater risk of implant
failure than older patients. Older patients with HTN (RR = 4.51,
p = 0.006) were at greater risk of implant failure than younger
patients (RR = 2.75, p = 0.008) although relative risks were signifi-
cant for both age groups. Similarly, older patients who used
tobacco were at significantly increased risk of implant failure
(RR = 3.82, p = 0.001) as well as revision surgery (RR = 1.74,
p = 0.017); younger patients were not (Table 6). No significant

Table 1
Incidence of complications between younger and older age group.

Outcome (%)* Age 18 – 49 Age �50 p-value

Total patients 511 375
Infection 27 (5.32) 31 (8.29) 0.080
Wound dehiscence 16 (3.16) 23 (6.15) 0.033
Sepsis 1 (0.20) 3 (0.80) 0.187
DVT 1 (0.20) 4 (1.07) 0.088
Implant failure 25 (4.92) 23 (6.15) 0.427
Revision surgery 102 (20.07) 66 (17.60) 0.363
Other complications 21 (4.13) 21 (5.61) 0.307
Nonunion 11 (2.34) 23 (6.34) 0.004

* Percentages are expressed as percent of respective age group.
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associations were found between diabetes and risk of any of the
aforementioned complications, regardless of age.

Discussion

Physicians should understand the potential risk factors for
negative outcomes among specific patient populations in order to
optimize care. The results of this study indicate that certain risk-
outcome relationships exist for patients undergoing ORIF of ankle
fractures which differ in strength of association depending upon
patient age. Understanding these associations can assist physicians
with better assessing the risk-benefit tradeoff that each patient
presents if subjected to surgery.

Prior studies have assessed risk factors for surgical complica-
tions in older patient populations, many of which address patients
age 60 and older [1,10]. Zaghloul et al. (2014) found a complication
rate of 21.5%, with risk factors of smoking, age, diabetes, and local
factors (osteopenia, peripheral neuropathy, PVD, lymphedema,
venous insufficiency) in patients over 60 [1]. Varenne et al. (2016)
proposed that age greater than 80, presence of two or more
comorbidities, and open fractures were significantly associated
with postoperative complications [5]. Although these studies
assess risk factors among older patients, none compare risks
between older and younger populations.

The current study demonstrated significantly greater incidence
of nonunion among patients age 50 years and older than patients
younger than 50. Appropriate management of ankle fractures in
older patients has been debated due to risks of poor bone quality
and outcomes associated with osteoporosis, diabetes, and periph-
eral vascular disease [11]. Beauchamp et al. (1983) found that
among ankle fracture patients age 50 and older, many did not
achieve stable fixation. Several had porotic bone intraoperatively
with associated difficulty with screw placement [12]. Increased
incidence of nonunion may be attributable to physiologic decline
in bone quality with increasing patient age.

Lynde et al. (2012) also assessed risk factors for postoperative
complications among patients age 60 and older. Hardware failure
occurred among six of 216 patients (2.8%), but was not significantly
associated with CHF, DM (diabetes mellitus), obesity, CAD
(coronary artery disease), osteoporosis, or tobacco use [10]. In
contrast, results of the current study demonstrated significant risk
of hardware failure among tobacco users and patients with CHF,
and the sample size used was larger at 886 patients. Physicians
should be vigilant in identifying older patients with these
characteristics, educating them about potential surgical risks,
and maintaining close postoperative follow-up.

Older patients using tobacco had significantly increased risk of
implant failure and revision surgery, which was greater than that

Table 2
Incidence of complications across four age groups.

Outcome 18 – 25 26 – 49 50–74 �75 p-value

Total Patients 108 403 335 40
Infection 6 (5.6%) 21 (5.2%) 27 (8.1%) 4 (10%) 0.347
Wound dehiscence 3 (2.8%) 13 (3.2%) 22 (6.6%) 1 (2.5%) 0.111
Sepsis 0 (0%) 1 (0.2%) 2 (0.6%) 1 (2.5%) 0.194
DVT 0 (0%) 1 (0.2%) 4 (1.2%) 0 (0%) 0.272
Implant failure 5 (4.6%) 20 (5.0%) 23 (6.9%) 0 (0%) 0.268
Revision surgery 18 (16.7%) 84 (20.6%) 62 (18.5%) 4 (10%) 0.326
Other complications 1 (0.9%) 20 (5.0%) 20 (5.0%) 1 (2.5%) 0.167
Nonunion 4 (3.7%) 7 (1.7%) 21 (6.3%) 2 (5.0%) 0.001

*Percentages are expressed as percent of respective age group.

Table 3
Risk Factors for Infection.

Risk Factors Age Group (years) Relative Risk Confidence Interval p-Value

HIV 18-49 0 – 0.449
�50 0 – 0.422

Diabetes 18-49 0.71 0.1-5.04 0.730
�50 1.29 0.64-2.60 0.482

Peripheral Neuropathy 18-49 1.26 0.18-8.69 0.815
�50 2.05 0.90-4.70 0.091

Immunosupressive Drugs 18-49 0 – 0.528
�50 0 – 0.250

HTN 18-49 2.46 1.16-5.19 0.017
�50 3.52 1.38-8.96 0.004

Other comorbidities 18-49 1.63 0.78-3.4 0.192
�50 0.71 0.36-1.42 0.340

Tobacco Use 18-49 1.22 0.58-2.54 0.598
�50 1.75 0.87-3.51 0.116

Alcohol use 18-49 0.66 0.31-1.40 0.274
�50 0.67 0.32-1.41 0.283

Substance Use 18-49 2.16 0.98-4.76 0.055
�50 1.28 0.33-4.97 0.723

COPD 18-49 2.13 0.32-14.02 0.436
�50 0.76 0.19-3.05 0.699

CHF 18-49 15.81 8.48-29.49 <0.001
�50 4.04 1.77-9.21 0.001

Other pulmonary disorders 18-49 0 – 0.071
�50 0.27 0.067-1.13 0.049

Chronic Kidney Disease 18-49 6.92 2.54-18.86 0.002
�50 1.81 0.74-4.41 0.201

No confidence interval; RR of 0.
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for younger patients. Tobacco use has been associated with
increased rates of postoperative healing complications, including
ankle fracture non-union, as shown by Matson et al. [13]. Lampley
et al. (2016) found that current and former smokers had an
increased risk of revision surgery, although the difference was not
statistically significant [14]. Our results indicate that patients who
are older and smoke have a higher risk of revision surgery
following ORIF of the ankle than patients who are younger and
smoke.

Among the younger patient age group, tobacco use and
substance use were both associated with more than three times
the risk of wound dehiscence compared to patients who used
neither. Although slightly increased, risk in the older population
was not statistically significant. From a retrospective review of
patients with positive drug screens, Saldanha et al. (2015)
concluded that patients with illicit drug use are at increased risk
of complications, including nonunion and deep infection, follow-
ing ORIF of ankle fractures [15]. However, wound dehiscence was

Table 4
Risk Factors for Wound Dehiscence.

Risk Factors Age Group (years) Relative Risk Confidence Interval p-Value

HIV 18-49 0 – 0.565
�50 0 – 0.495

Diabetes 18-49 1.23 0.17-8.98 0.836
�50 1.5 0.67-3.37 0.322

Peripheral Neuropathy 18-49 2.19 0.31-15.49 0.430
�50 1.28 0.40-4.13 0.676

Immunosupressive Drugs 18-49 0 – 0.631
�50 0.95 0.14-6.67 0.963

HTN 18-49 2.5 0.93-6.72 0.062
�50 2.44 0.93-6.42 0.060

Other comorbidities 18-49 1.22 0.45-3.30 0.694
�50 0.49 0.22-1.08 0.074

Tobacco Use 18-49 3.39 1.11-10.38 0.022
�50 1.12 0.46-2.76 0.802

Alcohol use 18-49 0.96 0.37-2.52 0.935
�50 0.71 0.30-1.69 0.441

Substance Use 18-49 3.07 1.15-8.22 0.020
�50 1.77 0.45-7.00 0.420

COPD 18-49 3.69 0.54-25.01 0.169
�50 1.66 0.52-5.28 0.394

CHF 18-49 12.77 4.39-37.17 <0.001
�50 2 0.51-7.84 0.325

Other pulmonary disorders 18-49 1.25 0.29-5.35 0.764
�50 1.41 0.57-3.45 0.456

Chronic Kidney Disease 18-49 0 – 0.585
�50 1.41 0.44-4.51 0.567

No confidence interval; RR of 0.

Table 5
Risk Factors for Implant Failure.

Risk Factors Age Group (years) Relative Risk Confidence Interval p-Value

HIV 18-49 4.33 1.18-15.93 0.026
�50 0 – 0.495

Diabetes 18-49 1.61 0.40-6.47 0.503
�50 1.02 0.43-2.42 0.958

Peripheral Neuropathy 18-49 2.86 0.74-11.03 0.127
�50 1.8 0.65-5.03 0.262

Immunosupressive Drugs 18-49 0 – 0.545
�50 0 – 0.280

HTN 18-49 2.75 1.28-5.95 0.008
�50 4.51 1.37-14.92 0.006

Other comorbidities 18-49 2.59 1.20-5.58 0.012
�50 1.62 0.62-4.27 0.317

Tobacco Use 18-49 0.75 0.34-1.64 0.471
�50 3.82 1.71-8.53 0.001

Alcohol use 18-49 0.64 0.29-1.39 0.256
�50 1.63 0.73-3.66 0.233

Substance Use 18-49 1.28 0.50-3.32 0.608
�50 0.88 0.13-6.23 0.902

COPD 18-49 2.31 0.35-15.24 0.390
�50 0.5 0.07-3.61 0.480

CHF 18-49 10.54 4.54-24.46 <0.001
�50 5.83 2.46-13.83 <0.001

Other pulmonary disorders 18-49 0.76 0.18-3.14 0.703
�50 1.11 0.42-2.89 0.835

Chronic Kidney Disease 18-49 10.54 4.54-4.46 <0.001
�50 1.41 0.44-4.51 0.567

No confidence interval; RR of 0.
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not specifically analyzed. Abidi et al. (1998) assessed wound
healing in a retrospective study of patients who underwent ORIF of
calcaneal fractures, and found that patients who actively smoked
had increased healing time [16]. A systematic review and meta-
analysis by Sorensen (2012) found that odds of healing delay and
wound dehiscence were 2.07 times greater for smokers than non-
smokers across multiple surgical specialties [17]. It should be
expected that wound dehiscence would occur commonly among
patients who smoke, based on the proposed pathophysiology that

smoking alters collagen metabolism and proliferative healing [17].
These impaired healing mechanisms may also explain the
increased risk for revision surgery among patients who smoke.
No literature to date draws these comparisons between 50 years
and older than 50 years.

In both age groups, hypertension was associated with signifi-
cant risk of implant failure. Relative risk for older patients was
almost twice that of younger patients. These results are consistent
with published literature, which suggests that high blood

Table 6
Risk Factors for Revision Surgery.

Risk Factors Age Group (years) Relative Risk Confidence Interval p-Value

HIV 18-49 0.49 0.08-3.2 0.422
�50 1.64 0.50-5.40 0.445

Diabetes 18-49 0.76 0.30-1.90 0.540
�50 0.08 0.49-1.35 0.414

Peripheral Neuropathy 18-49 1.69 0.81-3.54 0.194
�50 0.7 0.30-1.64 0.400

Immunosupressive Drugs 18-49 0 – 0.182
�50 0.32 0.05-2.19 0.193

HTN 18-49 1.41 0.96-2.08 0.087
�50 1.27 0.80-2.01 0.314

Other comorbidities 18-49 0.78 0.53-1.16 0.213
�50 1.04 0.64-1.67 0.878

Tobacco Use 18-49 0.62 0.43-0.90 0.011
�50 1.74 1.11-2.73 0.017

Alcohol use 18-49 0.9 0.64-1.28 0.562
�50 1.09 0.69-1.71 0.716

Substance Use 18-49 0.76 0.45-1.29 0.297
�50 0.29 0.04-1.98 0.151

COPD 18-49 0.55 0.087-3.54 0.505
�50 1.11 0.52-2.35 0.795

CHF 18-49 1.12 0.33-3.84 0.862
�50 1.35 0.56-3.29 0.516

Other pulmonary disorders 18-49 1.53 0.96-2.44 0.089
�50 0.8 0.4-1.45 0.450

Chronic Kidney Disease 18-49 1.12 0.33-3.84 0.862
�50 0.94 0.44-2.02 0.871

No confidence interval; RR of 0.

Table 7
Risk Factors for Non-Union.

Risk Factors Age Group (years) Relative Risk Confidence Interval p-Value

HIV 18-49 4.61 0.65-32.66 0.105
�50 0 – 0.488

Diabetes 18-49 1.71 0.23-12.87 0.600
�50 1.48 0.66-3.31 0.340

Peripheral Neuropathy 18-49 3.04 0.42-22.24 0.260
�50 1.8 064-5.00 0.266

Immunosupressive Drugs 18-49 0 – 0.681
�50 0 – 0.270

HTN 18-49 0.39 0.05-3.01 0.347
�50 1.56 0.66-3.69 0.311

Other comorbidities 18-49 0.72 0.19-2.68 0.622
�50 1.02 0.43-2.42 0.957

Tobacco Use 18-49 1 0.31-3.24 0.997
�50 1.73 0.76-3.94 0.190

Alcohol use 18-49 0.52 0.15-1.75 0.283
�50 0.87 0.38-1.99 0.739

Substance Use 18-49 0.52 0.07-4.01 0.523
�50 0 – 0.287

COPD 18-49 0 – 0.680
�50 1.06 0.26-4.29 0.938

CHF 18-49 0 – 0.640
�50 2.21 0.57-8.57 0.257

Other pulmonary disorders 18-49 0 – 0.247
�50 0.38 0.09-1.60 0.167

Chronic Kidney Disease 18-49 0 – 0.640
�50 1.36 0.43-4.36 0.605

No confidence interval; RR of 0.
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not specifically analyzed. Abidi et al. (1998) assessed wound
healing in a retrospective study of patients who underwent ORIF of
calcaneal fractures, and found that patients who actively smoked
had increased healing time [16]. A systematic review and meta-
analysis by Sorensen (2012) found that odds of healing delay and
wound dehiscence were 2.07 times greater for smokers than non-
smokers across multiple surgical specialties [17]. It should be
expected that wound dehiscence would occur commonly among
patients who smoke, based on the proposed pathophysiology that

smoking alters collagen metabolism and proliferative healing [17].
These impaired healing mechanisms may also explain the
increased risk for revision surgery among patients who smoke.
No literature to date draws these comparisons between 50 years
and older than 50 years.

In both age groups, hypertension was associated with signifi-
cant risk of implant failure. Relative risk for older patients was
almost twice that of younger patients. These results are consistent
with published literature, which suggests that high blood

Table 6
Risk Factors for Revision Surgery.

Risk Factors Age Group (years) Relative Risk Confidence Interval p-Value

HIV 18-49 0.49 0.08-3.2 0.422
�50 1.64 0.50-5.40 0.445

Diabetes 18-49 0.76 0.30-1.90 0.540
�50 0.08 0.49-1.35 0.414

Peripheral Neuropathy 18-49 1.69 0.81-3.54 0.194
�50 0.7 0.30-1.64 0.400

Immunosupressive Drugs 18-49 0 – 0.182
�50 0.32 0.05-2.19 0.193

HTN 18-49 1.41 0.96-2.08 0.087
�50 1.27 0.80-2.01 0.314

Other comorbidities 18-49 0.78 0.53-1.16 0.213
�50 1.04 0.64-1.67 0.878

Tobacco Use 18-49 0.62 0.43-0.90 0.011
�50 1.74 1.11-2.73 0.017

Alcohol use 18-49 0.9 0.64-1.28 0.562
�50 1.09 0.69-1.71 0.716

Substance Use 18-49 0.76 0.45-1.29 0.297
�50 0.29 0.04-1.98 0.151

COPD 18-49 0.55 0.087-3.54 0.505
�50 1.11 0.52-2.35 0.795

CHF 18-49 1.12 0.33-3.84 0.862
�50 1.35 0.56-3.29 0.516

Other pulmonary disorders 18-49 1.53 0.96-2.44 0.089
�50 0.8 0.4-1.45 0.450

Chronic Kidney Disease 18-49 1.12 0.33-3.84 0.862
�50 0.94 0.44-2.02 0.871

No confidence interval; RR of 0.

Table 7
Risk Factors for Non-Union.

Risk Factors Age Group (years) Relative Risk Confidence Interval p-Value

HIV 18-49 4.61 0.65-32.66 0.105
�50 0 – 0.488

Diabetes 18-49 1.71 0.23-12.87 0.600
�50 1.48 0.66-3.31 0.340

Peripheral Neuropathy 18-49 3.04 0.42-22.24 0.260
�50 1.8 064-5.00 0.266

Immunosupressive Drugs 18-49 0 – 0.681
�50 0 – 0.270

HTN 18-49 0.39 0.05-3.01 0.347
�50 1.56 0.66-3.69 0.311

Other comorbidities 18-49 0.72 0.19-2.68 0.622
�50 1.02 0.43-2.42 0.957

Tobacco Use 18-49 1 0.31-3.24 0.997
�50 1.73 0.76-3.94 0.190

Alcohol use 18-49 0.52 0.15-1.75 0.283
�50 0.87 0.38-1.99 0.739

Substance Use 18-49 0.52 0.07-4.01 0.523
�50 0 – 0.287

COPD 18-49 0 – 0.680
�50 1.06 0.26-4.29 0.938

CHF 18-49 0 – 0.640
�50 2.21 0.57-8.57 0.257

Other pulmonary disorders 18-49 0 – 0.247
�50 0.38 0.09-1.60 0.167

Chronic Kidney Disease 18-49 0 – 0.640
�50 1.36 0.43-4.36 0.605

No confidence interval; RR of 0.
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pressure—in a similar manner to chronic kidney disease— is
associated with calcium metabolism abnormalities and bone loss
[18,19]. As a result, patients with hypertension may have poor bone
quality and consequential hardware failure. Cappuccio et al. (1999)
found that among women with osteoporosis, rate of bone mineral
density loss at the femoral neck increased with increasing systolic
blood pressure [20]. All patients with hypertension undergoing
ORIF of the ankle should be extensively counseled regarding the
risks of hardware failure, with emphasis among patients 50 and
older.

Patients in both age groups with hypertension were also at
significantly increased risk of infection, although risk was higher
among patients 50 years and older. Previous studies have not
demonstrated this relationship. In fact, our results contradict those
of a retrospective study by Sun et al., which demonstrated no
significant correlation between hypertension and surgical site
infection among patients undergoing ORIF for ankle fractures [21].
The mechanism by which hypertension may play a role in
postoperative infection has not been clearly elucidated and
warrants further investigation.

HIV has not been previously assessed as a risk factor for ankle
fracture healing in any age group. Results from the current study
demonstrated that patients younger than 50 with HIV were at 4.3
times greater risk of implant failure than patients without HIV; no
patients 50 years or older in this study had HIV. In contrast to these
results, Xu et al. (2017) found no significant difference in union rate
between patients with and without HIV among all orthopaedic
fractures at a single institution [22]. Similarly, Gardner et al. (2013)
found a non-union rate of only 4% among HIV patients undergoing
ORIF of any traumatic fracture [23]. However, none of the
aforementioned studies assess outcomes for ankle fracture patients
specifically,nordotheydistinguishlevelofriskbetweenyoungerand
older patients. The results of the current study support the theory
that HIV interferes with healing via metabolic alterations and
increased cytokine level [24]. Additionally, bone toxicity is a well-
known adverse effect of nucleoside/tide reverse transcriptase
inhibitors, which likely contributes to implant failure [25].

This is the first study to assess risk factors for complications
among ankle fracture patients with chronic kidney disease. Older
patients with chronic kidney disease were 18.8 times more likely to
develop postoperative sepsis than those without. The literature
reports acute kidney injury incidence of 20–25% among orthopae-
dic surgery patients, [26] and some studies report increased risk of
sepsis following acute kidney injury [27]. Bell et al. found lower
glomerular filtration rate, use of angiotensin-converting enzyme
inhibitors, and angiotensin receptor blockers to be independent
predictors of acute kidney injury [28]. Therefore, we postulate that
chronic kidney disease predisposes orthopaedic surgery patients
to acute kidney injury, increasing sepsis risk. However, the exact
mechanism of the development of sepsis in these patients is not
clearly understood.

Pulmonary conditions (excluding COPD) were also associated
with significantly increased risk of sepsis and DVT among older
patients, but not among patients younger than 50. Griffin et al.
(2013) concluded that obstructive sleep apnea had no significant
bearing on risk of perioperative complications; however, this study
only assessed in-hospital morbidity and mortality in shoulder
arthroplasty patients [29]. In contrast, D’Apuzzo and Browne
(2012) found increased risk of pulmonary embolism and wound
hamartomas or seromas among revision arthroplasty patients with
OSA [30]. A database study by Lin et al. (2016) demonstrated
increased risk of septicemia among patients with asthma [31].
However, only inpatient surgeries were assessed. The aforemen-
tioned studies did not specifically assess pulmonary diseases as
risk factors for foot and ankle surgeries, nor did they identify

whether risk factors may impact specific age groups more than
others.

There is a paucity of literature which describes CHF as a risk
factor for postoperative outcomes, particularly among ankle ORIF
patients. Curtis et al. found a significant association between
comorbid heart failure and wound dehiscence; however, this was
following total knee arthroplasty [32]. The current study is the first
to quantify a risk relationship between congestive heart failure and
infection, wound dehiscence, DVT, and implant failure.

Several weaknesses of this study should be considered. Results
of retrospective studies are dependent upon thoroughness and
accuracy of medical documentation and data collection. However,
because most patients are part of the study institution’s healthcare
system, chances of any comorbidities not being recorded after
seeing multiple providers are low. Additionally, differences in
internal fixation technique may impact outcomes. All surgeries
were performed by board-certified orthopaedic surgeons, howev-
er, from which it can be assumed that procedures were performed
according to standard of care. Union was assessed using x-rays,
which are not as sensitive as CT scans. However, do not routinely
undergo CT scans; rather, x-rays are standard for postoperative
imaging. It should also be noted that “revision surgeries” included
syndesmotic screw removal, which does not necessarily imply
complication. Despite these shortcomings, this is the first study
which provides a comparison of potential risk factors for adverse
outcomes between younger and older patients undergoing open
reduction and internal fixation of ankle fractures.

Conclusions

The results of this study provide valuable information regarding
possible risks for adverse outcomes in younger and older patient
age groups undergoing ORIF of the ankle. With these results in
mind, physicians can better make informed decisions about which
patients should err on the side of caution if surgery is not
absolutely necessary. Older patients with pulmonary disorders
other than COPD may consider nonoperative management of ankle
fractures if possible. Younger patients who have HIV should also be
conservative when possible for treatment of ankle fractures.
Universally, patients who use tobacco or illicit drugs, have
hypertension, or have chronic kidney disease should be well-
informed of the potential risks of operative management. A
multidisciplinary approach is warranted for appropriate manage-
ment of patients with multiple comorbidities.
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