
treated as inpatients at participating hospitals was obtained.
RESULTS: 317 patients were identified for analysis. 22.1% of 
individuals received TEA for rheumatoid arthritis. 52 total adverse 
events were reported for all patients undergoing TEA. Rheumatoid 
arthritis patients experienced significantly lower rates of overall 
adverse events (8.57% vs 18.62%, p = 0.045).
CONCLUSION: Rheumatoid arthritis patients that undergo TEA 
are significantly less likely to develop a 30 day post-operative 
complication than patients who receive TEA for other reasons.

Key words: Total elbow arthroplasty; Rheumatoid arthritis; 
Complications; NSQIP
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INTRODUCTION
Total elbow arthroplasty (TEA) has been shown to be an effective 
procedure in the management of inflammatory and degenerative 
arthritis in addition to unrecostructable distal humeral fractures[1-6]. 
Although significantly fewer total elbow arthroplasties are performed 
in comparison to other arthroplasties, the procedure is more 
commonly associated with complications[7]. Literature suggests that 
complication rates associated with TEA range from 14% to as high as 
43%[1,7-16]. Currently, rheumatoid arthritis remains the most common 
indication for TEA[17]. The implementation of improved medical 
management of rheumatoid arthritis however, has led to a reduction 
in TEA in rheumatoid patients[18]. Nevertheless, total case volume of 
TEA has steadily increased[17]. Recent trends demonstrate increasing 
use of TEA for traumatic and degenerative indications as cause for 
increasing case load[19]. As a result, there is increased importance 
on characterizing complications associated with indications of TEA 
other than rheumatoid arthritis. A few small cohort studies have 
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ABSTRACT
BACKGROUND: Rheumatoid arthritis is currently seen as the 
primary surgical indication for total elbow arthroplasty (TEA). 
Nevertheless, surgical indications continue to expand accounting for 
greater TEA case volumes. Despite evolving trends, very few data 
describes complications associated with specific surgical indication 
of TEA.
METHODS: We analyzed The American College of Surgeons 
National Surgical Quality Improvement Program (NSQIP) database 
for individuals that received a TEA from 2006 to 2015. Surgical 
indications and 30-day postoperative complication data for patients 
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characterized complications associated with TEA[17]. However, there 
are limited large cohort studies that characterizes complications 
associated with specific indications of TEA. The goal of this study is 
to provide insight regarding trends of complications associated with 
rheumatoid arthritis and other indications of TEA.

METHODS
A review of the American College of Surgeons National Surgical 
Quality Improvement Program (NSQIP) database (2006-2015) was 
performed to identify patients who underwent total elbow arthroplasty 
using the Current Procedural Terminology  (CPT) codes for the 
procedures. International Classification of Diseases (ICD) codes 
were utilized to identify indication for TEA including degenerative 
arthritis, rheumatoid arthritis, post-traumatic arthropathy, and acute 
fracture treatment. All procedures were performed for each year 
of NSQIP data collection. Patient demographics of age (years) and 
body mass index (BMI, kg/m2) were treated as continuous variables. 
Smoking status, diabetes mellitus, history of congestive heart 
failure, history of chronic obstructive pulmonary disease (COPD), 
history of myocardial infarction (MI), and American Society of 
Anesthesiologist (ASA) score (< 3, ≥ 3) were treated as categorical 
variables. Patient’s hospital length of stay (days) and operative time 
(minutes) was also extracted from the NSQIP database. 30 day post-
operative complications were assessed using variables documented in 
the NSQIP dataset. Consistent with prior studies[20-22], major adverse 
event was defined as death, coma, failure to wean off of a ventilator, 
unplanned intubation, cerebrovascular accident, pulmonary 
embolism, cardiac arrest, myocardial infarction, acute renal failure, 
sepsis, septic shock, or return to the operating room. Minor adverse 
event was defined as wound disruption, superficial surgical site 
infection, deep surgical site infection, organ or space surgical site 
infection, urinary tract infection, pneumonia, transfusion, renal 
insufficiency, peripheral nerve injury, or deep vein thrombosis. Total 
adverse events was defined as total number of both major and minor 
adverse events in the 30-day postoperative follow-up period. 
    Continuous variables between the groups were compared using 
an independent sample Student t-test. Categorical variables were 
analyzed using frequency tables with Fisher’s Exact tests. A p value 
of ≤ 0.05 was interpreted as statistically significant.

RESULTS
A total of 321 patients who received a primary total elbow 
arthroplasty from 2006 to 2015 were identified from the NSQIP 
database. Four patients were excluded due to incomplete data entry 
leaving 317 patients available for analysis. Indications for the 317 
TEA’s performed were as follows: 70 for rheumatoid arthritis and 
247 for all other surgical indications (109 for degenerative arthritis, 
29 for post-traumatic arthropathy, and 109 for acute fracture). From 
a demographics perspective, patients of both groups were similar in 
age. Rheumatoid arthritis patients were less likely to be male (18.6% 
vs 23.9%, p = 0.0351). In addition, rheumatoid arthritis patients had 
significantly lower BMI’s and were less likely to have diabetes when 
compared to all other TEA patients (26.2 vs 29.3, p < 0.001 and 
5.70% vs 18.2%, p = 0.011 respectively). No other difference were 
appreciated in regards to comorbidities and ASA scores between 
the two groups (Table 1). In regards to peri-operative variables, no 
difference was appreciated in operative time and length of hospital 
stay between the two groups (159.9 vs 151.9 minutes, p = 0.346 and 
2.81 vs 2.98 days p = 0.691 respectively) (Table 2).
    In regards to post-operative complications, rheumatoid arthritis 
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Table 1 Patient demographics of rheumatoid arthritis patients and all 
other surgical indication patients undergoing total elbow arthroplasty.

Rheumatoid 
Arthritis  (n = 70) 

All other surgical 
indications  (n = 247) p

Age, mean (sd) 62 (11.8) 65 (14.0) 0.103

Gender, %

Male 18.6 23.9 0.351

Female 81.4 76.1

BMI, kg/m2 (sd) 26.2 (5.6) 29.3 (6.8) <0.001

Diabetes, % 5.7 18.2 0.011

Smoke, % 8.57 14.2 0.217

COPD Hx, % 1.43 4.86 0.203

CHF Hx, % 0 2.42 N/A

MI Hx, % 0 0.4 N/A

ASA Score, mean 2.67 2.6

ASA Score, %

< 3 32.9 42.9 0.134

≥ 3 67.1 57.1

Table 2 Peri-operative variables of rheumatoid arthritis patients and all 
other surgical indication patients undergoing total elbow arthroplasty.

Rheumatoid 
arthritis  (n = 70)

All other surgical 
indications  (n = 247) p

Mean operative time, 
min (sd) 159.9 (58.1) 151.9 (63.8) 0.346

Length of hospital stay, 
days (sd) 2.81 (4.24) 2.98 (2.77) 0.691

Appendix A Frequency of specific adverse events within 30 days of total 
elbow arthroplasty for rheumatoid and other patients.

Rheumatoid 
Arthritis 

All other 
surgical 
indications 

p

Serious adverse events N % N %

Death 0 0 1 0.4 N/A

Failure to wean off ventilator 0 0 0 0 N/A

Unplanned intubation 1 1.4 1 0.4 0.348

Cerebrovascular accident 0 0 2 0.8 N/A

Pulmonary embolism 0 0 3 1.2 N/A

Cardiac arrest 0 0 0 0 N/A

Myocardial infarction 0 0 0 0 N/A

Acute renal failure 0 0 0 0 N/A

Sepsis 1 1.4 3 1.2 0.894

Septic shock 1 1.4 0 0 N/A

Return to the operating room 2 2.8 10 4 0.641

Minor adverse events

Wound disruption 0 0 3 1.2 N/A

Superficial surgical site infection 1 1.4 3 1.2 0.894

Deep surgical site infection 0 0 3 1.2 N/A

Organ/space surgical site infection 0 0 3 1.2 N/A

Urinary tract infection 0 0 1 0.4 N/A

Transfusion 0 0 12 4.8 N/A

Renal insufficiency 0 0 0 0 N/A

Peripheral nerve injury 0 0 1 0.4 N/A

Deep vein thrombosis 0 0 0 0 N/A

Total adverse events 6 8.57 46 18.6 0.046

Total adverse event for data set 52 16.4

patients experienced significantly lower rates of minor adverse 
events than other TEA surgical indication patients (1.43% vs 10.5%, 
p = 0.0169). However, no significant difference was appreciated 
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when comparing major adverse events (7.14% vs 8.10%, p = 0.793). 
Nevertheless, when comparing total adverse events, rheumatoid 
arthritis patients experienced significantly lower rates than other 
TEA patients (8.57% vs 18.6%, p = 0.0462) (Figure 1). A total of 
52 adverse events were reported for all individuals that received a 
TEA with overall adverse event rate of 16.4%. A full listing of the 
frequency of specific adverse events for both rheumatoid arthritis 
patients and reference control patients within 30 days of surgery can 
be found in appendix A.

DISCUSSION
Although total elbow arthroplasties are associated with good clinical 
outcomes[6], the procedure has been found to have high complication 
rates. Gschwend et al. reported an overall complication rate of 43% 
in 1996 while Voloshin et al. reported a complication rate of 24.3% 
in 2011. Our data demonstrated an overall complication rate of 
16.4%. Although the methodology of these studies cannot be directly 
compared, our reported data is consistent with trends of decreasing 
complication rates[17]. Literature suggest that improving surgical 
technique and prosthetic design may be contributing factors however, 
it is difficult to quantify[5,17,23]. Although our data demonstrates a 
large decrease in overall complication rate, the reported rate still 
remains significantly higher than complication rates for other joint 
arthroplasties[7,24,25].
    This investigation revealed that rheumatoid arthritis patients 
have significantly lower adverse event rates than other surgical 
indications of TEA. This is consistent with previous reported 
data of increased survivorship and decreased complications in 
rheumatoid patients[17,26,27]. Zhang et al. corroborate this idea and 
even state that the ideal candidate for TEA is a patient with end-stage 
rheumatoid arthritis[27]. Although rheumatoid arthritis is currently 
the most common indication for TEA, data suggest that this trend 
in changing[17,28]. These trends seem consistent with our dataset 
where only 22% of total elbow arthroplasties were conducted for 
rheumatoid arthritis patients. Authors suggest improving medical 
management of rheumatoid arthritis has led to a decrease in the 
number of symptomatic patients.5 This decrease is consistent with 
data that characterizes an up to 132% increase in number of total 
elbow arthroplasties for trauma and acute fracture[29]. However, we 
were unable to directly comment in regards to yearly operative trends 
due to variations in NSQIP case reporting. Nevertheless, the trends 
of increasing TEAs for all surgical indications is likely secondary 
to increased provider confidence. Recent literature characterizing 
improved implant design[30,31] and relative good functional outcomes6 
has likely increased TEA use and popularity. As a result, it is 
important to characterize and understand complications associated 
with alternative surgical indications for TEA. This evolution in trends 
may in fact lead to increased complication rates in the coming years 
as shrinking percentage of rheumatoid arthritis patients receive TEA. 
In regards to our data, a fewer percentage of rheumatoid arthritis 
patients had diabetes and had significantly lower BMIs when 
compared to patients with other surgical indications for TEA. Previous 
literature has characterized increased complication rates with both of 
these risk factors in regards to TEA[4,32,33]. Although our patient cohort 
possesses potential confounding variables, our goal of this manuscript 
is not to determine causation but rather characterize trends in patients 
and complications that occur with total elbow arthroplasties. 
    This study has several limitations. First, we were limited to 
variables reliably documented in the NSQIP database. This dataset 
only contains postoperative complications up to 30 days post-op. In 

addition, the dataset lacked complications specifically pertaining to 
TEA such as prosthesis loosening, revision surgery, joint dislocation, 
and periprosthetic fracture. However, this manuscript presents one of 
the largest and most recent patient cohorts in regards to complications 
with total elbow arthroplasty. 
    In conclusion, complication rates of total elbow arthroplasty have 
remained high. Using a large nationwide database, we were able 
to characterize demographics and 30-day complication rates of a 
relatively large cohort of individuals that underwent a total elbow 
arthroplasty. We found that patients who receive TEA for rheumatoid 
arthritis have fewer complications than other surgical indications. 
As trends continue to evolve, surgeons and patients alike should be 
aware of complication rate associated with TEA. 

REFERENCES 
1.	 Aldridge JM,3rd, Lightdale NR, Mallon WJ, Coonrad RW. Total 

elbow arthroplasty with the coonrad/coonrad-morrey prosthesis. 
A 10- to 31-year survival analysis. J Bone Joint Surg Br. 2006; 
88(4): 509-514. [PMID: 16567787]

2.	 Schneeberger AG, Meyer DC, Yian EH. Coonrad-morrey total 
elbow replacement for primary and revision surgery: A 2- to 7.5-
year follow-up study. J Shoulder Elbow Surg. 2007; 16(3 Suppl): 
S47-54. [PMID: 16963289]

3.	 Shi LL, Zurakowski D, Jones DG, Koris MJ, Thornhill TS. Semi-
constrained primary and revision total elbow arthroplasty with use 
of the coonrad-morrey prosthesis. J Bone Joint Surg Am. 2007; 
89(7): 1467-1475. [PMID: 17606785]

4.	 Toulemonde J, Ancelin D, Azoulay V, Bonnevialle N, Rongieres 
M, Mansat P. Complications and revisions after semi-constrained 
total elbow arthroplasty: A mono-centre analysis of one hundred 
cases. Int Orthop. 2016; 40(1): 73-80. [PMID: 26435264]

5.	 Zhou H, Orvets ND, Merlin G, Shaw J, Dines JS, Price MD, 
Eichinger JK, Li X. Total elbow arthroplasty in the united states: 
Evaluation of cost, patient demographics, and complication rates. 
Orthop Rev (Pavia). 2016; 8(1): 6113. [PMID: 27114806]

6.	 Welsink CL, Lambers KTA, van Deurzen DFP, Eygendaal D, van 
den Bekerom MPJ. Total elbow arthroplasty: A systematic review. 
JBJS Rev. 2017; 5(7): e4. [PMID: 28696952]

7.	 Gschwend N, Simmen BR, Matejovsky Z. Late complications in 
elbow arthroplasty. J Shoulder Elbow Surg. 1996; 5(2 Pt 1): 86-
96. [PMID: 8742871]

8.	 Allieu Y, zu Reckendorf GM, Daude O. Long-term results of 
unconstrained roper-tuke total elbow arthroplasty in patients with 
rheumatoid arthritis. Journal of shoulder and elbow surgery. 1998; 
7(6): 560-564. [PMID: 9883414]

9.	 Amirfeyz R, Blewitt N. Mid-term outcome of GSB-III total elbow 
arthroplasty in patients with rheumatoid arthritis and patients with 
post-traumatic arthritis. Arch Orthop Trauma Surg. 2009; 129(11): 
1505-1510. [PMID: 19373479]

10.	 Cesar M, Roussanne Y, Bonnel F, Canovas F. GSB III total elbow 

 Rheumatoid arthritis              All other surgical indications

*

**

1.43

1.05

7.14 8.1 8.57

18.6

Pe
rc

en
t o

f p
at

ie
nt

s

Minor adverse events Major adverse events Total adverse events
Figure 1 Adverse event rate of patients who receive total elbow arthroplasty.

* p = 0.0169;  ** p = 0.0462



risks? J Arthroplasty. 2015; 30(12): 2102-5.e1. [PMID: 26169454] 
22.	 Ehlert BA, Nelson JT, Goettler CE, Parker FM, Bogey WM, Pow-

ell CS, Stoner MC. Examining the myth of the “july phenomenon” 
in surgical patients. Surgery. 2011; 150(2): 332-338. [PMID: 
21719058] 

23.	 Kondo N, Arai K, Fujisawa J, Murai T, Netsu T, Endo N, Hanyu 
T. Clinical outcome of niigata-senami-kyocera modular uncon-
strained total elbow arthroplasty for destructive elbow in patients 
with rheumatoid arthritis. Journal of shoulder and elbow surgery. 
2019. [PMID: 30630713] 

24.	 Lovelock JE, Griffiths HJ, Silverstein AM, Anson PS. Complica-
tions of total knee replacement. AJR Am J Roentgenol. 1984; 
142(5): 985-992. [PMID: 6609586] 

25.	 Feinglass J, Koo S, Koh J. Revision total knee arthroplasty com-
plication rates in northern illinois. Clin Orthop Relat Res. 2004; 
(429): 279-285. [PMID: 15577499]

26.	 Perretta D, van Leeuwen WF, Dyer G, Ring D, Chen N. Risk 
factors for reoperation after total elbow arthroplasty. J Shoulder 
Elbow Surg. 2017; 26(5): 824-829. [PMID: 28159475]

27.	 Zhang D, Chen N. Total elbow arthroplasty. J Hand Surg Am. 
2019. [PMID: 30635202]

28.	 Kraay MJ, Figgie MP, Inglis AE, Wolfe SW, Ranawat CS. Primary 
semiconstrained total elbow arthroplasty. survival analysis of 113 
consecutive cases. J Bone Joint Surg Br. 1994; 76(4): 636-640. 
[PMID: 8027155]

29.	 Gay DM, Lyman S, Do H, Hotchkiss RN, Marx RG, Daluiski A. 
Indications and reoperation rates for total elbow arthroplasty: An 
analysis of trends in new york state. J Bone Joint Surg Am. 2012; 
94(2): 110-117. [PMID: 22257996]

30.	 Sanchez-Sotelo J. Total elbow arthroplasty. Open Orthop J. 2011; 
5: 115-123. [DOI: 10.2174/1874325001105010115]

31.	 Bachman D, Cil A. Current concepts in elbow arthroplasty. 
EFORT Open Rev. 2017; 2(4): 83-88. [PMID: 28507780]

32.	 Lovy AJ, Keswani A, Dowdell J, Koehler S, Kim J, Hausman MR. 
Outcomes, complications, utilization trends, and risk factors for 
primary and revision total elbow replacement. J Shoulder Elbow 
Surg. 2016; 25(6): 1020-1026. [PMID: 26952286] 

33.	 Griffin JW, Werner BC, Gwathmey FW, Chhabra AB. Obesity is 
associated with increased postoperative complications after total 
elbow arthroplasty. J Shoulder Elbow Surg. 2015; 24(10): 1594-
1601. [PMID: 26385389] 

	

1182

Shah JA et al.  Total elbow arthroplasty

replacement in rheumatoid arthritis. The Journal of bone and joint 
surgery.British volume. 2007; 89(3): 330-334. [PMID: 17356144]

11.	 Chapman-Sheath P, Giangrande P, Carr A. Arthroplasty of the el-
bow in haemophilia. The Journal of bone and joint surgery.British 
volume. 2003; 85(8): 1138-1140. [PMID: 14653595] 

12.	 Cil A, Veillette CJ, Sanchez-Sotelo J, Morrey BF. Linked elbow 
replacement: A salvage procedure for distal humeral nonunion. 
JBJS. 2008; 90(9): 1939-1950. [PMID: 18762655] 

13.	 Ewald FC1, Simmons ED Jr, Sullivan JA, Thomas WH, Scott RD, 
Poss R, Thornhill TS, Sledge CB. Capitellocondylar total elbow 
replacement in rheumatoid arthritis. long-term results. JBJS. 1993; 
75(4): 498-507. [PMID: 8478378]

14.	 Garcia J, Mykula R, Stanley D. Complex fractures of the distal 
humerus in the elderly: The role of total elbow replacement as 
primary treatment. The Journal of bone and joint surgery.British 
volume. 2002; 84(6): 812-816. [PMID: 12211670] 

15.	 Van der Lugt J, Geskus R, Rozing P. Primary souter-strathclyde 
total elbow prosthesis in rheumatoid arthritis. JBJS. 2004; 86(3): 
465-473. [PMID: 15743848] 

16.	 Sjöden GO, Lundberg A, Blomgren GA. Late results of the souter-
strathclyde total elbow prosthesis in rheumatoid arthritis 6/19 im-
plants loose after 5 years. Acta Orthop Scand. 1995; 66(5): 391-
394. [PMID: 7484113] 

17.	 Voloshin I, Schippert DW, Kakar S, Kaye EK, Morrey BF. Com-
plications of total elbow replacement: A systematic review. J 
Shoulder Elbow Surg. 2011; 20(1): 158-168. [PMID: 21134667] 

18.	 Young BL, Watson SL, Perez JL, McGwin G, Singh JA, Ponce 
BA. Trends in joint replacement surgery in patients with rheu-
matoid arthritis. J Rheumatol. 2018; 45(2): 158-164. [PMID: 
29196384]

19.	 Day JS, Lau E, Ong KL, Williams GR, Ramsey ML, Kurtz SM. 
Prevalence and projections of total shoulder and elbow arthro-
plasty in the united states to 2015. J Shoulder Elbow Surg. 2010; 
19(8): 1115-1120. [PMID: 20554454] 

20.	 Bohl DD, Basques BA, Golinvaux NS, Miller CP, Baumgaertner 
MR, Grauer JN. Extramedullary compared with intramedullary 
implants for intertrochanteric hip fractures: Thirty-day outcomes 
of 4432 procedures from the ACS NSQIP database. J Bone Joint 
Surg Am. 2014; 96(22): 1871-1877. [PMID: 25410504] 

21.	 Jauregui JJ, Boylan MR, Kapadia BH, Naziri Q, Maheshwari AV, 
Mont MA. Total joint arthroplasty in nonagenarians: What are the 


