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Abstract

Introduction: Open reduction and internal fixation (ORIF) is an established surgical procedure for distal humeral
fractures; however, total elbow arthroplasty (TEA) has become an increasingly popular alternative for elderly patients
with these injuries. Using a large sample of recent patient data, this study compares the rates of short-term complications
between ORIF and TEA and evaluates complication risk factors. Methods: Patients who underwent primary TEA or
ORIF from 2012 to 2021 were identified by Current Procedural Terminology codes in the American College of Surgeons
National Surgical Quality Improvement Program database. Propensity score matching controlled for demographic and
comorbid differences. The rates of 30-day postoperative complications were compared. Results: A total of
1539 patients were identified, with 1365 (88.7%) and 174 (11.3%) undergoing ORIF and TEA, respectively. Patients
undergoing TEA were older on average (ORIF: 56.2 + 19.8 years, TEA: 74.3 £ 1 1.0 years, P < .001). 348 patients were
included in the matched analysis, with 174 patients in each group. TEA was associated with an increased risk for
postoperative transfusion (OR = 6.808, 95% CI = 1.355 — 34.199, P = .020). There were no significant differences in any
adverse event (AAE) between procedures (P =.259). A multivariate analysis indicated age was the only independent risk
factor for the development of AAE across both groups (OR =1.068,95% Cl=1.011—1.128,P =.018). Conclusion: The
risk of short-term complications within 30-days of ORIF or TEA procedures are similar when patient characteristics are
controlled. TEA, however, was found to increase the risk of postoperative transfusions. Risks associated with increasing
patient age should be considered prior to either procedure. These findings suggest that long-term functional outcomes
can be prioritized in the management of distal humerus fractures.
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Introduction

Total elbow arthroplasty (TEA) has risen in popularity as
an alternative to the traditional open reduction and internal
fixation (ORIF) surgery for distal humeral fractures in
elderly patients." The increased prevalence of TEAs in
traumatic elbow injuries began in the early 2000s as
survival and outcome rates improved significantly as
compared to previous decades.” During this same time
period, one study found that trauma had overtaken in-
flammatory arthritis as the most common indication for
TEA.” Some studies have suggested that TEA produces
better long-term functional outcomes than ORIF, espe-
cially in complex distal humeral fractures, which account
for the vast majority of cases.>®” However, two systematic
reviews have shown mixed data as to whether one is
superior based on functional outcome scores and range of
motion.*’

There have been many studies analyzing survivorship
and performance in elderly patients after undergoing
TEA for both traumatic and atraumatic elbow condi-
tions; the findings of these studies have consistently
shown long-term outcomes similar to that of ORIF and
high implant survival rates (81% at 10 years).**'? A
previous analysis of 30-day postoperative complications
from 2007 to 2013 utilized the National Surgical Quality
Improvement Program (NSQIP) database to demon-
strate that TEA and ORIF have similar short-term
complication rates in patients over 65 years.'> How-
ever, patients undergoing TEA were found to have
significantly longer operative times and hospital length
of stay (LOS). Additionally, insulin-dependent diabetes
and functional status were significant risk factors for
postoperative adverse events.

The purpose of this study was to leverage the NSQIP
database to compare 30-day complications between TEA
and ORIF for distal humerus fractures across a large,
nationalized sample of contemporary patient data. In ad-
dition, this study sought to identify independent risk
factors for short-term post-operative complications fol-
lowing both procedures.

Methods

This is a retrospective cohort study of prospectively col-
lected data as part of the ACS NSQIP database. This
registry contains demographics, comorbidities, and labo-
ratory values with corresponding readmission and com-
plication rates within 30 days of the indexed procedure.
Patients are identified through Current Procedural Ter-
minology (CPT) and International Classification of Dis-
eases Ninth and 10th Revision codes.'* NSQIP hospitals
each employ trained nurse surgical clinical reviewers to
oversee data collection adding an additional quality

measure. All patients are monitored for 30 days postop-
eratively for any adverse events (AAEs), readmissions, and
reoperations. No outcome differences exist between in-
stitutions participating in the NSQIP program with non-
participants.'® The ACS NSQIP database is comprised of a
network of hospitals which are required to employ surgical
clinical reviewers to collect 274 variables from surgical
procedures. The database implements several quality as-
surance measures, such as biweekly random internal au-
dits, which have reported <1.8% inter-rater
disagreement.'®!”

Adult patients who had undergone TEA or ORIF for
a distal humerus fracture were identified. Inclusion
criteria were age of 18 years or older, CPT for TEA
(24 363) or ORIF (24 546, 24 579, 24 586), procedure
diagnosis of distal humerus fracture (ICD-9812.4, ICD-
10 S42.4), and procedure occurred from years
2012 through 2021. Patients less than 18 years of age or
with a diagnosis other than distal humerus fracture
(using the aforementioned ICD codes) and entries with
incomplete or missing data were excluded from anal-
ysis. Limiting our study from 2012 to 2022 takes into
account the most recent trends in distal humeral frac-
tures available within the dataset while still gathering a
large and representative sample size. Patient demo-
graphics, including age, smoking status, body mass
index (BMI), sex, and American Society of Anesthe-
siologists (ASA) physical status classification score was
collected along with complication data for each. In-
complete patient entries were removed from consider-
ation. Patients in each group underwent a 1:1 propensity
match for age, sex, BMI, ASA status, diabetes mellitus
(DM), hypertension requiring medication, congestive
heart failure, chronic obstructive pulmonary disease
(COPD), smoking status, dialysis use, dependent
functional status, ascites, bleeding disorders, prior
transfusions, and steroid use. Dependent functional
status was defined as requiring assistance with activities
of daily living (ADLs). This propensity matching
protocol was utilized to control for as many patient
characteristics as possible within the confines of the
NSQIP database.

For each patient, operative time, length of stay (LOS),
unplanned readmission rate, and 30-day complications
were collected. Complications that were recorded included
the following: both superficial and deep surgical site in-
fections (SSI), wound dehiscence, pneumonia, unplanned
intubation, pulmonary embolism, postoperative renal in-
sufficiency or failure, urinary tract infection, cerebrovas-
cular accident, cardiac arrest, myocardial infarction (MI),
transfusions, deep vein thrombosis (DVT), sepsis, and
return to the operative room. Any adverse event (AAE)
was defined as experiencing any of the above complica-
tions. LOS was defined as the number of days from
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procedure to postoperative discharge. Extended LOS was
defined as greater than the 75% quartile LOS (>3 d) for the
entire sample.

Statistical Analysis

Propensity score matching, univariate, bivariate, and
multivariable logistic regression analyses were performed
using R-Studio software version 2023.06.0 + 421 (R
Foundation for Statistical Computing, Vienna, Austria).
Propensity score matching was conducted using the
nearest neighbor method in order to reduce treatment
assignment bias and simulate randomization between the
ORIF and TEA cohorts. Patient demographics, co-
morbidities, and complications were compared between
the two cohorts using the student’s 2-tailed ¢ test for
continuous variables and chi-squared analysis for cate-
gorical variables. The variable(s) with a P-value of less
than 0.2 from the bivariate comparisons were used in the
multivariable logistic regression analysis.'® This con-
trolled for all baseline patient characteristics and medical
comorbidities. Lastly, multivariable logistic regression
with robust error variance identified independent risk
factors for any adverse event after both procedures. Sta-
tistical significance was set a priori at P < .05 for all
analyses.

Results

A total of 1539 patients were identified, with 1365
(88.7%) undergoing ORIF and 174 (11.3%) undergoing
TEA (Table 1). Following propensity score matching,
348 patients were included in the matched sample, with
each cohort consisting of 174 patients. The mean age for
the ORIF and TEA groups after propensity matching
were 74.9 +£10.8 and 74.3 + 11.0, respectively. The mean
BMI for the groups were 29.6 = 8.6 and 29.0 £ 6.4,
respectively. In both groups, 10.9% (n = 19) of patients
were male.

Prior to matching, there were statistically significant
differences in age, sex, LOS, outpatient status, ASA
status, morbidity probability, mortality probability,
congestive heart failure, steroid, use, hypertension,
bleeding disorder, diabetes, COPD (Table 1). After
propensity score matching, only outpatient status and
morbidity probability maintained statistical signifi-
cance between groups; a higher percentage of ORIF
operations were performed in the outpatient setting,
whereas morbidity probability was higher in patients
undergoing TEA.

The rate of 30-day postoperative adverse events of
the combined propensity-matched group was 8.91%
(Table 2). Prior to matching, there was a lower rate of
postoperative adverse events in ORIF patients as

compared to TEA patients. This was reversed after
matching, as there was no significant difference in AAE.
There was a significant difference in the rates of wound
dehiscence (1.72% TEA vs .22% ORIF) and transfusions
(6.32% TEA vs 1.68% ORIF) in the unmatched pop-
ulation. After matching, only postoperative blood
transfusions differed between the cohorts: transfusions
occurred in 1.15% of ORIF patients vs 6.32% of TEA
patients (P = .024).

Across both groups, 105 (30.17%) patients had an
extended LOS and 21 (6.03%) patients were readmitted to
the hospital (Table 2). Prior to matching, the TEA group
had a significantly higher rate of extended LOS (29.89%
TEA vs 16.12% ORIF, P < .001); however, this no sta-
tistically significant difference was observed after
matching.

A multivariate analysis that controlled for patient
demographics and comorbidities revealed that patients
undergoing TEA were significantly more likely to re-
quire a postoperative transfusion (odds ratio [OR]:
6.808, 95% confidence interval [CI]: 1.355-34.199, P =
.020) compared to patients undergoing ORIF (Table 3).
A multivariate analysis accounting for patient demo-
graphics, comorbidities, and procedure determined that
patient age (OR: 1.068, 95% CI: 1.011-1.128, P =.018)
was the only independent risk factor for any adverse
event (Table 4).

Discussion

The objective of this study was to compare 30-day
complications and adverse event risk factors between
TEA and ORIF for distal humerus fractures across a large,
nationalized patient database. Using the NSQIP database
from 2012-2021, 1539 patients required surgery for distal
humerus fractures, with 1365 (88.7%) ORIF cases and
174 (11.3%) TEA cases. Despite similar rates of any
adverse event, postoperative transfusions, specifically,
were more common among TEA patients vs matched
ORIF patients (P = .024); a subsequent multivariate
analysis established that TEA carried an increased risk of
this complication compared to ORIF. When all other
factors were controlled, age emerged as the sole inde-
pendent risk factor contributing to the onset of any ad-
verse event in both groups. Balancing the postoperative
complications with best long-term outcomes in patients
with distal humerus fractures is a critical factor in se-
lecting the surgical approach in repairing these injuries in
elderly patients.

A prior analysis of NSQIP >65 year old patients from
2007 to 2013 highlighted that TEA and ORIF yielded
similar outcomes and short-term complication rates."?
Lovy et al found no discernible differences in age, co-
morbidities, or functional status between the two groups;
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Table I. Demographic & Comorbidity Characteristics for patients Undergoing ORIF and TEA.

ORIF

TEA ORIF TEA

Unmatched (%) Unmatched (%) P-Value Matched (%) Matched (%) P-Value

Patients, N (%) 1365 (88.7)
Age (y) 56.2 £ 19.8
BMI (kg/m2) 295+ 76
Male sex 412 (30.2)
Operative time (mins) 1572 £ 794
Length of stay 202 + 4.12
Outpatient status 751 (55)
ASA status 23+08
| (no disturbance) 209 (15.3)
2 (mild disturbance) 616 (45.1)
3 (severe disturbance) 492 (36.0)
4 (life-threatening disturbance) 48 (3.5)
5 (moribund) 0 (0)
Race
White 1007 (73.8)
Black 67 (4.9)
Asian 51 3.7)
Other 240 (17.6)
Morbidity probability .026 + .021
Mortality probability .003 £ .012
Dependent functional status (partial or total) 52 (3.8)
Comorbidities, n (%)
Current smoker 217 (15.9)
Congestive heart failure 6 (4)
Dialysis 9(.7)
Steroid use 45 (3.3)
Hypertension 527 (38.6)
Bleeding disorder 47 (3.4)
Ascites 2(.1)
Pre-operative transfusion 9(7)
Diabetes 199 (14.6)
IDDM 79 (5.8)
NIDDM 120 (8.8)
COPD 45 (3.3)

174 (11.3) NA 174 (50.0) 174 (500) NA
743+ 110 <001 749+ 108 743+ 110 .644
29.0 + 6.4 289  296+86 290+64 484
19 (10.9) <001° 19(109)  19(109) |
I57.1 + 618 .98 1492 + 72.3 157.1 + 618 278
309+296  <001° 283+303 30929 .42l
55 (31.6) <001* 76 (437) 55(316)  .027°
27 £ 06 <001° 27+06 27+06  .563
4(23) NA 6 (34) 4(23) NA
58 (33.3) NA  58(333) 58(333) NA
98 (56.3) NA 99 (569)  98(563) NA
14 (8.0) NA 11 (63) 14 (8) NA
0 (0) NA  0(0) 0 (0) NA
146 (83.9) NA 131 (753) 146 (839) NA
I (.6) NA 952 I (.6) NA
3(1.7) NA 7 (40) 3(1.7) NA
24 (13.8) NA 27 (155) 24(138) NA
051 £.032  <001° .037 +.023 .05 +.032 <00l
007 £.010  <00I° .007 +.010 .007 +.010 .973
10 (5.7) 308 9(52) 10 (5.7) |

19 (10.9) 109 15 (8.6) 19 (109)  .588
4(23) 018 3(17) 4(23) |

0 (0) 585 0 (0) 0 (0) NA
14 (8.0) 004 13 (7.5) 14 (8.0) |
121 (69.5) <001° 113 (649) 121 (69.5) 424
17 (9.8) <001* 17 (9.8) 17 (9.8) |

0 (0) | 0 (0) 0 (0) NA
| (.6) | 0 (0) I (.6) |
46 (26.4) <001° 38(21.8) 46 (264) .38l
19 (10.9) NA 17 (9.8) 19(109)  NA
27 (15.5) NA 21 (121)  27(155)  NA
12 (6.9) 0317 10 (5.7) 12 (6.9) 826

BMI: body mass index; ASA: American Society of Anesthesiologists; COPD: chronic obstructive pulmonary disease; Hypertension: hypertension
requiring medication; IDDM: insulin-dependent diabetes mellitus; NIDDM: non-insulin-dependent diabetes mellitus; ORIF: open reduction internal

fixation; TEA: total elbow arthoplasty.
denotes statistical significance.

however, those undergoing TEA had significantly pro-
longed operative times and hospital lengths of stay (LOS).
Moreover, the authors identified insulin-dependent dia-
betes and functional status as significant risk factors for
postoperative adverse events. A similar study on TEA and
ORIF short-term complications in >65 year old patients in
the NSQIP database showed no significant difference in
cohort age, comorbidities, risk factors, or postoperative
complications.'® Our study found that there were signif-
icant differences in patient demographics and comorbid-
ities prior to propensity matching; however, this was likely

due to the older average age of TEA patients. It is im-
portant to note that we did not exclude patients under
65 years, but as a result of the matching process we still
identified an elderly cohort (ORIF: 74.9 = 10 vs TEA:
74.3 + 11.0). Notably, our study paralleled Lovy et al in
finding that LOS was significantly longer in TEA patients;
however, this difference was not significant after matching.
In addition, we did not find a significant difference in
operative time between groups. These differences may be
due to developments in surgical techniques used in TEA
over the past several decades.**°
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Table 2. Incidence of Adverse Events for patients Undergoing ORIF vs TEA.

ORIF TEA ORIF TEA Total
Unmatched Unmatched Matched Matched Matched
N Rate (%) N Rate (%) P-Value N Rate (%) N Rate (%) P-Value N  Rate (%)
Any adverse event 57 4.18 19 10.92 <.001* 12 6.90 19 10.92 259 31 891
Death 6 44 | .57 1.000 2 I.15 | .57 1.000 3 .86
Wound dehiscence 3 22 3 1.72 .019% | .57 3 1.72 615 4 .15
Sepsis 2 15 0 .00 1.000 0 .00 0 .00 NA 0 .00
Pulmonary embolism 5 .37 0 .00 926 3 1.72 0 .00 246 3 .86
Renal complication 0 .00 0 .00 NA 0 .00 0 .00 NA 0 .00
Myocardial infarction 2 .15 I .57 769 0 .00 | .57 1.000 | 29
Cardiac arrest 0 .00 0 .00 NA 0 .00 0 .00 NA 0 .00
Stroke | .07 | .57 .54 0 .00 | .57 1.000 | 29
Transfusion 23 1.68 I 6.32 <.00/? 2 I.15 I 6.32 .024° 13 3.74
DVT 6 44 | .57 1.000 3 1.72 | 57 615 4 I.15
UTI 7 51 2 I.15 611 4 2.30 2 .15 .680 6 1.72
Pneumonia 2 .15 | .57 769 | .57 | .57 1.000 2 .57
Intubation issues 2 .15 0 .00 1.000 | .57 0 .00 1.000 | .29
Ssl 17 1.25 2 I.15 1.000 4 2.30 2 .15 .680 6 1.72
Return to the OR 27 1.98 4 2.30 1.000 4 2.30 4 2.30 1.000 8 2.30
Extended LOS 220 16.12 52 29.89 <.001* 53 30.46 52 29.89 1.000 105 30.17
Readmission 45 3.30 I 6.32 .073 10 5.75 I 6.32 1.000 21 6.03

Any adverse event (AAE): superficial and deep surgical site infection, organ space infection, renal failure or insufficiency, intubation (fail to wean or
reintubation), post-operative transfusion, pneumonia, DVT, PE, UT], stroke, cardiac arrest, Ml, return to the OR; DVT: deep vein thrombosis; UTI:
urinary tract infection; SSI: surgical site infection; LOS: Length of stay (extended: >3 days); OR: operating room; Intubation issues: re-intubation or
failure to wean from intubation; Renal complication: progressive renal insufficiency or renal failure.

?denotes statistical significance.

Table 3. Odds of Specific postoperative complication
Development as Related to patient Demographics and
Comorbidities When Comparing TEA to ORIF.

TEA to ORIF OR 95% ClI P-Value

Postoperative transfusion ~ 6.808  1.355 — 34.199 .020°

OR: Odds Ratio; 95% Cl: 95% confidence interval.
*denotes statistical significance.

Our findings showed an overall AAE rate of 8.91%,
with no significant difference between matched ORIF and
TEA groups (6.90% vs 10.92%, P = .259). Lovy et al
found similar adverse event rates with no significant dif-
ference between groups (8.4% vs 12.1%, P = .51) and no
increased probability of serious adverse events following
TEA."® Two recent systematic reviews further substanti-
ated this apparent lack of significant difference in AAE
between groups.®” In the context of other common ar-
throplasties, the complication rates we reported for TEA
are higher than that of total knee arthroplasty (5.07%), yet
lower than that of total hip arthroplasty (35.4%).>"** In
addition, the complication rates following TEA in our
study are not unexpected when taken in context of current

literature, where complication rates ranging between 14%
and 80% have been reported following TEA.22° 1t is
important to note that the data presented in this study is an
aggregate of 10 years’ worth of surgeries, and therefore
any temporal patterns were not reflected. Specifically, the
surgical techniques and instrumentation used in TEA have
evolved in recent years, which has likely contributed to a
decline in complications and the rise in popularity of the
procedure. >3-

Age was identified as an independent risk factor for
AAE after both procedures. This explains the higher rate of
AAE in the TEA group prior to matching, as the TEA
patients were, on average, over 18 years older than ORIF
patients. After propensity matching the ORIF cohort with
the TEA cohort, average patient age was not statistically
different and no significant difference in AAE was ob-
served. Older patients are more frequently affected by
distal humeral fractures, in addition to being at higher risk
for more complex fractures and nonunion after
fixation.”*?”*® Several studies have concluded that these
predispositions likely explain the superior or non-inferior
functional score outcomes in elderly patients after TEA, as
compared to ORIFE.®®*2° In contrast, ORIF has remained
the “gold-standard” approach for younger patients, where
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Table 4. Odds of Developing any Adverse Event During Surgery as Related to patient Demographics, Comorbidities, and Procedure.

Risk Factor OR 95% Cl P-value
TEA 1.675 .750 — 3.744 .208
Age 1.068 1.0l —1.128 018
BMI 951 .881 — 1.026 .193
Male sex 2.24 743 — 6.749 .152
ASA 1.175 .565 — 2.445 .666
IDDM 2.292 .943 - 5572 .067
Hypertension .646 265 — 1.577 337
Congestive heart failure 0 0- .994
COPD 3.347 .809 — 13.854 .096
Current Smoker 677 119 - 3.856 .660
Dependent functional status 934 184 — 4749 934
Bleeding disorder .884 238 — 3.28I .854
Pre-operative transfusion 4.17 E+08 0—o .998
Steroid use 0 0- .989

OR: Odds Ratio; 95% CI: 95% Confidence Interval; TEA: total elbow arthoplasty; BMI: body mass index; ASA: American Society of Anesthesiologists;
IDDM: insulin-dependent diabetes mellitus; COPD: chronic obstructive pulmonary disease; Hypertension: considered as hypertension requiring

medication.
denotes statistical significance.

there are stronger considerations for implant lifespan and
loading limitations.'®*®

Postoperative transfusion rates were significantly different
between groups (ORIF: 1.15 vs TEA: 6.32, P = .024), and
TEA was found to increase the risk of postoperative trans-
fusion. Although Lovy et al did not report data on postop-
erative transfusions, Medvedev et al found that it did not
differ significantly between groups.'*'” It is unlikely that this
is due to differences in duration of the procedures, as op-
erative time was not significantly different between TEA and
ORIF groups (ORIF: 149.2+72.3 vs TEA: 157.1£61.8, P=
.278). Previous studies have found postoperative transfusion
rates between 1.08% - 17.58% in TEA patients, with pre-
operative hemoglobin level and older age serving as risk
factors for this adverse event.***' Therefore, it is possible that
differences in preoperative hemoglobin contributed to the
disparate rates and likelihood of postoperative transfusion
seen in our study.’’>? It is unlikely, however, that age
contributed to this disparity, as our analysis controlled for age.
Ostensibly, frequency and duration of hemoglobin moni-
toring presents a possible confounding factor for transfusion
risk. Patients with increased LOS or discharge to a reha-
bilitation center likely would have had a longer duration of
lab monitoring and would thus be more likely to meet the
indications for transfusions that patients without regular
hemoglobin monitoring otherwise would not. We cannot
directly account for these potential differences in the fre-
quency of patient lab samples. Future studies on the impact of
increased monitoring on transfusion rates would be beneficial
to contextualize our findings.

This study has several limitations. The most salient
limitation is the NSQIP database itself, which may be

vulnerable to errors.'®**>* The database also does not
report on subjective variables of a surgery, such as surgeon
preferences or surgical center information, and does not
report on specific orthopaedic variables, such as patient-
reported outcomes, functional/performance outcomes, or
radiographic data on the injuries.'"> Without the added
context from these variables, it is difficult to stratify pa-
tients by fracture severity or draw comparisons on the
complexity of the surgery. However, operative time can
serve as a rough approximation for the surgical complexity,
which was found to not differ significantly between
groups. The use of the NSQIP database also limits our
analysis to the 30-day postoperative follow-up data
gathered from participating institutions; future studies with
longer monitoring periods are necessary to better con-
textualize the implications of our findings. Additionally,
the data in this study does not account for any potential
longitudinal trends or changes in the complication rates.
Lastly, non-significant findings should be interpreted with
caution, as a power analysis was not performed for each
complication and the samples sizes were dictated by the
data that was available in the database. Given this, our
findings are further limited to the effectiveness of our
matching protocol, which, despite controlling for a wide
array of patient factors, may still lead to disparities between
paired subjects.

Conclusion

This study demonstrated that the risk of experiencing an
adverse event within 30 days of TEA or ORIF for distal
humerus fractures was broadly similar. Although the
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overall adverse event rate was higher in TEA patients prior
to matching, TEA tended to be performed in much older
patients on average. Propensity score-matching and in-
dependent risk factor analyses suggested that age was
likely the reason for this difference. However, TEA was
still found to increase the risk of postoperative transfusions
vs ORIF despite controlling for patient demographics and
medical comorbidities. While the risk profiles for these
procedures may continue to evolve, our findings suggest
that surgical decision making for distal humerus fractures
can prioritize longer-term functional outcomes, of which
prior studies have suggested TEA to be superior in older
patients.
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