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Background: Total hip arthroplasty (THA) complication rates are low, but pose marked challenges during 
the post-operative care period. Therefore, it is important to determine which risk factors are associated 
with an increased rate of these complications. The purpose of this paper was to investigate the association 
between seasonal variations and the 30-day post-operative complication rates following THA. Specifically, 
we evaluated a large prospectively collected national database for: (I) overall complication rates; (II) seasonal 
variations in incidence; and (III) specific quarter (Q), if any, associations.
Methods: This multi-center observational cohort study was conducted by analyzing 102,682 THA 
surgeries listed in the American College of Surgeon National Surgical Quality Improvement Program 
database (ACS-NSQIP) from January 1st, 2011 to December 31st, 2015. All surgeries were divided into four 
groups based on the quarter of the year in which the surgery was performed. We identified 20 complications 
listed in the ACS-NSQIP and calculated 30-day post-operative complication rates. Univariate analysis was 
performed to compare complication rates between different seasons. Multivariate analysis was performed to 
control for potential confounding variables.
Results: The overall complication rate in this cohort was 1.09%. Upon tabulation of the different 
post-operative THA complication incidence rates sorted by quarters, 16 out of 20 outcomes had <1% 
incidence rate, 3 had between a 1% and 5% incidence rate, and 1 outcome had a complication rate greater 
than 5% (bleeding transfusion). There were no statistical differences in 19 of the 20 complication rates 
when compared between the different quarters. Transfusion was the only complication with a statistically 
significant difference (P value <0.001) between the different quarters, which demonstrated a marked increase 
in Q3/Q4 (July to December), when compared to Q1 (January to March) (P<0.001). 
Conclusions: Overall, our results indicate a low complication rate in this cohort of patients who 
underwent a THA (1.09%). There was no correlation between seasonal variation and 30-day complication 
rates following THA, except for bleeding risk, which remains unexplained. These findings suggest that 
elective THA does not have to be scheduled around specific times of the year in order to avoid 30-day post-
operative complications. 
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Introduction

Post-operative complications following total hip arthroplasty 
(THA) are infrequent (1,2), and occur on average in less than 
1% to 2% of patients (3,4). However, when major medical 
or surgical complications occur, such as periprosthetic joint 
infections, pneumoniae or pulmonary emboli, they may 
amount to a large morbidity, financial, and time burden 
to patients and healthcare providers and may result in 
poor patient outcomes (3-9). Therefore, it is important 
to understand the risk factors associated with each of 
these complications, in order to attempt to mitigate them 
appropriately during peri-operative period. 

One hypothesized risk factor for the increased rate 
of post-operative complications is seasonal variation. 
An observational cohort study analyzing data from the 
American College of Surgeons-National Surgical Quality 
Improvement Program database (ACS-NSQIP) database on 
overall surgeries noted an 18% increase in post-operative 
morbidity in the July 1 to August 30 cohort (n=9,941) when 
compared to the April 15 to June 15 cohort (n=10,313) 
(P=0.0005). A 41% increase in mortality between patient 
populations depending on the time of year was also noted 
(P=0.005) (10). The etiologies for this seasonal variation in 
outcomes have been attributable to both changes in weather 
patterns and changes in house-staff. For example, the “July 
effect” has been proposed to explain this variation, based on 
the hypothesis that inexperienced staff at the beginning of 
an academic year can lead to potentially increased rates of 
complications (11-13). Particularly in orthopedics, Gruskay 
et al. demonstrated a statistically significant increase in 
post-operative infection rate in summer (4.1%) vs. spring 
(2.8%; P=0.03) following spine surgery (13). Furthermore, 
Durkin et al. confirmed the higher rate of superficial skin 
infection following spine surgery during the summer, and 
since their study was performed in a nonteaching hospital, 
they attributed the increases in the rate of complications 
during the summer to be related to ecological and/or 
environmental factors rather than the July effect (14).

Similar findings indicating seasonal variation of 
complications following elective total hip or knee 
arthroplasty at a single institution have been reported by 
Kane et al. (15). In their study analyzing 750 patients over 
1-year period, they found an increase in the incidence 
of infection during summer months. Therefore, the 
purpose of our paper was to investigate the association 
between seasonal variation, and the 30-day post-operative 
complication rates following THA. Specifically, we 

evaluated a large prospectively collected national database 
for: (I) the overall complication rates; (II) seasonal 
variations in incidence; and (III) specific quarter (Q), if any, 
associations.

Methods

Data source

The ACS-NSQIP was used to identify patients who underwent 
primary, elective THA (16). NSQIP is a leading validated, 
risk-adjusted, outcomes-based program that aggregates peri-
operative data (preoperative co-morbidities, intra-operative 
variables, 30-day post-operative complications) for patients 
undergoing major surgeries (17,18). A main purpose of this 
database is to provide surgeons, hospitals, and healthcare 
systems verified data in order to help save costs, reduce 
complications, and improve overall patient outcomes. Metrics 
such as complications, comorbidities, patient demographics, 
and Current Procedural Terminology (CPT) codes are 
collected for hundreds of thousands of patients from all across 
the country from the pre-operative through 30-day post-
operative window. The data entered in the database is collected 
and verified by a surgical clinical reviewer (19). As this data 
is publically available and contains de-identified patient data, 
the Institutional Review Board determined this study to be 
exempt.

CPT code

CPT codes are a universally used system in order to classify 
and identify medical, surgical, and laboratory procedures or 
services performed by physicians. Three categories of CPT 
codes exist: category 1, 2, and 3. Category 1 codes are used 
to identify procedures or services directly performed by the 
physician. Category 2 CPT code are supplemental tracking 
codes and are often used optionally. Category 3 CPT 
codes are designated to new and developing technology, 
procedures, and services (20). Specifically, in this study, we 
used category 1 CPT code 27130.

Study population

We included all patients who underwent THA from 
January 1st, 2011 to December 31st, 2015 who had been 
designated within NSQIP using CPT code 27130. A total 
of 102,692 patients were identified, and appropriate patient 
demographics were collected and collated including age, 
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gender, race, reported American Society of Anesthesiologists 
(ASA) classification (21,22), body mass index, smoking 
status, independent functional status, anesthesia type, 
comorbidities (congestive heart failure, chronic obstructive 
pulmonary disease, diabetes, dialysis, disseminated cancer, 
bleeding disorder, corticosteroid use, weight loss, and 
ascites) (Table 1). There were a total of 45,956 (45%) men 
and 56,736 (55%) women who had a mean age of 65 years 
(range, 18–89 years). 

30-day post-operative complications

Using this patient population of interest, we assessed the 
incidence rates for the following 30-day post-operative 
complications: readmission, reoperation, mortality, 
superficial surgical site infection, deep surgical infection, 
dehiscence, deep vein thrombosis (DVT), pulmonary 
embolism (PE), pneumonia, urinary tract infection (UTI), 
renal failure, re-intubation, ventilator use for greater 

Table 1 Baseline characteristic of patients undergoing primary THA based on quarters

Variables Quarter 1 (n=22,422) Quarter 2 (n=23,153) Quarter 3 (n=24,330) Quarter 4 (n=25,002) P value

Age, mean ± SD 64.8±11.8 64.9±11.8 65.2±11.8 64.5±11.7 0.031

Male sex (%) 45.1 43.5 43.7 46.8 <0.001

Race (%) 0.008

White 78.6 77.7 78.1 78.9

Black 7.1 7.5 7.1 6.9

Others 13.9 14.8 14.8 14.2

ASA class (%) 0.295

1 4.2 4.3 4.1 4.3

2 55.1 54.3 54.0 54.9

3 38.7 39.5 39.9 38.8

4+ 1.9 1.9 1.9 1.9

Independent functional 
status (%)

97.2 97.2 97.1 97.4 0.252

Smoker (%) 13.3 13.7 13.8 12.5 <0.001

BMI, mean ± SD (Kg/m
2
) 30.1±6.4 30.2±6.5 30.1±6.4 30.1±6.4 0.314

General anesthesia (%) 55.1 53.6 53.3 53.7 <0.001

Comorbidities (%)

CHF 0.4 0.3 0.3 0.4 0.026

COPD 3.8 4.3 4.2 3.7 0.002

Diabetes 11.4 11.7 11.7 11.3 0.461

Dialysis 0.2 0.3 0.3 0.2 0.423

Disseminated cancer 0.3 0.3 0.3 0.4 0.131

Bleeding disorder 2.5 2.5 2.4 2.4 0.634

Steroid use 3.4 3.6 3.9 3.9 0.022

Weight loss 0.3 0.2 0.3 0.2 0.021

Ascites 0 0 0 0 0.118

THA, total hip arthroplasty; SD, standard deviation; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; BMI, 
body mass index.
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than 48 hours, renal insufficiency, stroke, cardiac arrest, 
myocardial infarction, transfusion, sepsis, and septic shock 
for each quarter of the year (Table 2). Quarter 1 (Q1) was 
defined from January 1st to March 31st, quarter 2 (Q2) 
from April 1st to June 30th, quarter 3 (Q3) from July 1st to 
September 30th, and quarter 4 (Q4) from October 1st to 
December 31st.

Data analysis

The overall number of THA patients from each quarter 
of the year was determined and aggregated across the  
5 years of interest (2011 to 2015), and used to determine the 
relative occurrence of complications. To identify potential 
statistical significance between categorical variables, 
chi-squared tests were performed. Analysis of variance 

(ANOVA) tests were analogously conducted to identify 
potential statistical significance among continuous variables. 
Univariate regression analysis was performed to compare 
the 30-day post-operative complications of primary THA 
between the different quarters (Q2 vs. Q1, Q3 vs. Q1, Q4 
vs. Q1) using appropriate P values (Table 3). Multivariate 
regression was analogously performed to adjust for potential 
confounding bias (Table 4). All the baseline variables 
which showed a difference between THA and total knee 
arthroplasty (TKA) at a significance level of P<0.01 were 
included in the multivariate analysis. Odds ratios (OR, odds 
of having particular complication during particular quarter 
relative to overall incidence rate) and 95% confidence 
intervals (CI) were calculated for different outcomes to 
identify any statistically significant changes in the incidence 
rates of associated 30-day post-operative complications 

Table 2 Comparison of outcomes following primary THA based on quarters

Outcomes
All quarters 

(n=94,907) (%)
Quarter 1 

(n=22,422) (%)
Quarter 2 

(n=23,153) (%)
Quarter 3 

(n=24,330) (%)
Quarter 4 

(n=25,002) (%)
P value

Transfusion 11.4 12.2 12.0 11.2 10.5 <0.001

Readmission 3.6 3.7 3.5 3.8 3.5 0.036

Reoperation 2.0 2.0 1.9 2.1 2.1 0.145

Urinary tract infection 1.0 1.1 1.1 1.1 0.9 0.360

Superficial infection 0.7 0.6 0.8 0.8 0.6 0.009

Deep infection 0.5 0.6 0.5 0.5 0.5 0.319

Deep vein thrombosis 0.4 0.5 0.4 0.4 0.4 0.295

Pneumonia 0.3 0.4 0.3 0.4 0.3 0.023

Pulmonary embolism 0.3 0.3 0.3 0.3 0.2 0.585

Sepsis 0.3 0.3 0.3 0.3 0.2 0.928

Myocardial infarction 0.2 0.2 0.2 0.2 0.2 0.357

Mortality 0.2 0.1 0.2 0.2 0.2 0.739

Re-intubation 0.2 0.2 0.2 0.2 0.2 0.789

Dehiscence 0.1 0.1 0.1 0.1 0.1 0.523

Renal failure 0.1 0 0 0.1 0 0.809

Ventilator >48 h 0.1 0.1 0.1 0.1 0.1 0.740

Renal insufficiency 0.1 0.1 0.1 0.1 0.1 0.124

Stroke 0.1 0.1 0.1 0.1 0.1 0.929

Cardiac arrest 0.1 0.1 0.1 0.1 0.1 0.144

Septic shock 0.1 0 0.1 0.1 0.1 0.184

THA, total hip arthroplasty.
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Table 3 Results of univariate regression models comparing the outcomes of primary THA among different quarters

Outcomes 
Quarter 2 vs. quarter 1 Quarter 3 vs. quarter 1 Quarter 4 vs. quarter 1

Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Readmission 0.96 (0.87–1.06) 0.451 1.04 (0.95–1.14) 0.426 0.96 (0.87–1.06) 0.437

Reoperation 0.96 (0.85–1.10) 0.582 1.03 (0.91–1.17) 0.647 1.06 (0.94–1.21) 0.334

Mortality 1.44 (0.88–2.34) 0.147 1.33 (0.82–2.18) 0.253 1.50 (0.93–2.41) 0.099

Superficial infection 1.21 (0.97–1.51) 0.089 1.21 (0.97–1.51) 0.085 1.03 (0.82–1.30) 0.742

Deep infection 0.88 (0.68–1.13) 0.337 0.97 (0.76–1.24) 0.824 0.94 (0.74–1.20) 0.658

Dehiscence 1.39 (0.81–2.36) 0.226 1.16 (0.67–2.00) 0.591 0.93 (0.52–1.65) 0.820

Deep vein thrombosis 0.78 (0.58–1.05) 0.105 0.84 (0.63–1.12) 0.252 0.94 (0.71–1.23) 0.662

Pulmonary embolism 1.01 (0.71–1.43) 0.932 1.08 (0.77–1.52) 0.636 0.75 (0.51–1.08) 0.129

Pneumonia 0.93 (0.68–1.27) 0.659 1.13 (0.84–1.52) 0.393 0.76 (0.55–1.05) 0.100

Urinary tract infection 1.02 (0.86–1.22) 0.751 0.98 (0.82–1.17) 0.845 0.87 (0.73–1.05) 0.154

Renal failure 0.96 (0.40–2.32) 0.945 1.75 (0.81–3.76) 0.151 0.98 (0.41–2.32) 0.975

Re-intubation 0.85 (0.55–1.32) 0.484 1.07 (0.71–1.61) 0.739 1.06 (0.70–1.59) 0.765

Ventilator >48 h 0.68 (0.36–1.27) 0.234 0.65 (0.35–1.21) 0.178 1.00 (0.58–1.74) 0.975

Renal insufficiency 1.27 (0.66–2.43) 0.469 1.78 (0.97–3.26) 0.060 1.40 (0.74–2.62) 0.291

Stroke 0.82 (0.43–1.57) 0.555 1.15 (0.63–2.07) 0.637 1.25 (0.70–2.22) 0.437

Cardiac arrest 0.90 (0.44–1.83) 0.788 1.09 (0.56–2.12) 0.790 1.28 (0.68–2.44) 0.435

Myocardial infarction 0.93 (0.63–1.36) 0.719 1.04 (0.72–1.51) 0.822 1.04 (0.72–1.51) 0.798

Transfusion 0.97 (0.92–1.03) 0.370 0.90 (0.85–0.96) <0.001 0.83 (0.79–0.88) <0.001

Sepsis 1.03 (0.72–1.45) 0.866 1.08 (0.77–1.51) 0.643 0.88 (0.62–1.25) 0.484

Septic shock 1.45 (0.65–3.23) 0.360 1.56 (0.71–3.42) 0.260 1.61 (0.74–3.49) 0.225

CI, confidence interval; THA, total hip arthroplasty.

between the different quarters. The level of significance 
for all analysis was set at P<0.05. Statistical analysis was 
performed using R software (version 3.1.3, Vienna, Austria).

Results

THA complication rates

The overall complication rate in this cohort was 1.09%. 
Upon tabulation of the different post-operative THA 
complication incidence rates sorted by quarters (Table 2),  
16 out of 20 outcomes had <1% incidence rate, 3 had 
between a 1% and 5% incidence rate, and 1 outcome had a 
complication rate greater than 5% (bleeding transfusion). 
Overall, the 30-day post-operative complication rates 
were as follows: transfusion (11.4%), readmission (3.6%), 

reoperation (2.0%), UTI (1.0%), superficial surgical 
site infection (0.7%), deep surgical infection (0.5%), 
DVT (0.4%), pneumonia (0.3%), PE (0.3%), sepsis 
(0.3%), myocardial infarction (0.2%), mortality (0.2%),  
re-intubation (0.2%), dehiscence (0.1%), renal failure 
(0.1%), ventilator use for greater than 48 hours (0.1%), 
renal insufficiency (0.1%), stroke (0.1%), cardiac arrest 
(0.1%), and septic shock (0.1%).

Correlation between seasonal variation and THA 
complication rates

There was no statistical significance difference among 19 
of the 20 complication rates between the different quarters. 
Transfusion was the only complication with a statistically 
significant difference (P value <0.001) between the 
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different quarters. It was also the only complication with a 
complication rate above 10% for all seasons (Q1 =12.2%, 
Q2 =12.0%, Q3 =11.2%, Q4 =10.5%).

Individual quarter comparison

Comparison of post-operative complication rates of THA 
between individual different quarters (Q2 vs. Q1, Q3 vs. 
Q1, Q4 vs. Q1) (Table 3) performed revealed no statistical 
significant difference for the majority of outcomes examined; 
only transfusion was different. The rates of blood transfusion 
were highest in Q1 and lowest in Q4. Multivariate regression 
analysis yielded similar results to that of univariate regression 
analysis (Table 4). Patients in Q3 (OR, 0.90; 95% CI, 
0.85–0.95; P<0.001) and Q4 (OR, 0.85; 95% CI, 0.80–0.90; 
P<0.001) were at lower risk of transfusion.

Discussion

Quarterly or seasonal changes in staffing and weather 
patterns can influence the outcomes of procedures depending 
on the time of the year in which the surgery was performed. 
However, quarterly variations in the incidence of 30-day 
complications after THA have not been well-established. 
Therefore, the present study identified 102,682 THA 
surgeries listed in ACS-NSQIP database and evaluated the 
incidence of 30-day complications. We found no statistically 
significant differences in the incidence rates of 30-day 
complications after THA surgery between the different 
seasons. The only exception was blood transfusion, which had 
the highest rate in Q1 and the lowest in Q4. It is important to 
note that among blood transfusions, the mean complication 
rate was 11.5%+/−1.0%, and the statistical significance 

Table 4 Results of multivariate regression models the outcomes of primary THA among different quarters

Outcomes 
Quarter 2 vs. quarter 1 Quarter 3 vs. quarter 1 Quarter 4 vs. quarter 1

Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Readmission 0.96 (0.87–1.06) 0.446 1.02 (0.93–1.13) 0.553 0.97 (0.88–1.07) 0.561

Reoperation 0.96 (0.84–1.09) 0.544 1.02 (0.89–1.15) 0.761 1.06 (0.94–1.21) 0.316

Mortality 1.47 (0.90–2.41) 0.120 1.33 (0.81–2.18) 0.256 1.53 (0.95–2.48) 0.079

Superficial infection 1.19 (0.95–1.49) 0.116 1.19 (0.95–1.49) 0.116 1.03 (0.82–1.29) 0.783

Deep infection 0.88 (0.68–1.14) 0.366 0.97 (0.76–1.24) 0.855 0.95 (0.74–1.21) 0.706

Dehiscence 1.39 (0.82–2.38) 0.218 1.16 (0.67–2.00) 0.593 0.93 (0.52–1.65) 0.821

Deep vein thrombosis 0.80 (0.60–1.08) 0.157 0.86 (0.65–1.15) 0.319 0.97 (0.74–1.28) 0.866

Pulmonary embolism 1.01 (0.71–1.44) 0.914 1.08 (0.77–1.53) 0.626 0.76 (0.53–1.11) 0.165

Pneumonia 0.93 (0.68–1.27) 0.668 1.10 (0.82–1.48) 0.508 0.78 (0.56–1.07) 0.131

Urinary tract infection 1.01 (0.84–1.21) 0.874 0.95 (0.80–1.14) 0.614 0.89 (0.74–1.07) 0.238

Renal failure 0.96 (0.40–2.31) 0.936 1.73 (0.80–3.73) 0.160 0.98 (0.41–2.32) 0.977

Re-intubation 0.86 (0.55–1.33) 0.514 1.05 (0.70–1.58) 0.800 1.09 (0.72–1.64) 0.662

Ventilator >48 h 0.70 (0.37–1.30) 0.264 0.64 (0.34–1.19) 0.161 1.05 (0.60–1.82) 0.861

Renal insufficiency 1.28 (0.67–2.46) 0.448 1.77 (0.96–3.24) 0.063 1.40 (0.75–2.64) 0.285

Stroke 0.82 (0.43–1.57) 0.561 1.13 (0.62–2.03) 0.681 1.30 (0.73–2.32) 0.360

Cardiac arrest 0.92 (0.45–1.86) 0.822 1.08 (0.55–2.10) 0.813 1.31 (0.69–2.49) 0.397

Myocardial infarction 0.93 (0.63–1.36) 0.714 1.01 (0.70–1.47) 0.923 1.07 (0.74–1.54) 0.718

Transfusion 0.97 (0.92–1.03) 0.397 0.90 (0.85–0.95) <0.001 0.85 (0.80–0.90) <0.001

Sepsis 1.02 (0.72–1.44) 0.888 1.07 (0.76–1.50) 0.676 0.87 (0.61–1.24) 0.474

Septic shock 1.49 (0.66–3.32) 0.328 1.54 (0.70–3.38) 0.276 1.66 (0.76–3.60) 0.199

CI, confidence interval; THA, total hip arthroplasty.
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identified may have been the result of the large power of the 
test (n=102,682 surgeries) rather than an intrinsic seasonal 
variation in post-operative THA complication rates.

There are some limitations to our study. Our results are 
limited by the accuracy of reported data on the NSQIP 
database, although inter-rater disagreement is approximately 
2%, suggesting reliable use of this data (23). Our data is 
limited to the 30-day complications of post-operative THA 
surgery as reported by NSQIP. However, the use of 102,682 
patients provides a large sample size that allows us to find 
associations. NSQIP includes surgeries performed in over 
700 hospitals all across North America, some of which 
are in regions that have more pronounced temperature 
fluctuations throughout the year than others. However, 
while the range of temperature during a season might vary 
by region, the timeframe, or quarter, defining that season 
remains constant throughout the country. Nevertheless, 
since the ACS-NSQIP does not allow for regional 
narrowing, future studies using a database which allows for 
narrowing based on geographic location and comparison 
of the seasonal variations and THA complications should 
be conducted now that this nationwide study has been 
performed. Although we adjusted for a number of baseline 
variables, some potential confounding variables may 
not have been included in the study. However, as most 
complications did not show a difference, including other 
variables in the multivariate model is unlikely to have 
changed our results. 

The lack of association between seasonal variation and 
rate of 30-day post-operative complications after THA 
variation for the majority of complications examined (19 out 
of 20) suggests that elective THA surgery does have to be 
scheduled around specific times of the year. Furthermore, our 
findings are aligned with the study by Bohl et al., that showed 
the inexistence of a “July effect” (hypothetical increase in 
morbidity thought to be associated with the training of new 
residents during the first portion of the academic year) in 
their analysis of the NSQIP database among 21,434 patients 
who underwent primary THA and TKA. They found no 
association of an interaction term for academic quarter and 
resident involvement with “serious adverse events” (P=0.656) 
or “any adverse events” (P=0.578) (24).

Conclusions

Our results indicate that overall there is no correlation 
between seasonal variation and 30-day complication rates 
following THA surgery. The exception to our findings 

was the occurrence of bleeding transfusions, whereby later 
months (Q3 and Q4, July to December) had statistically 
significant increases in transfusion rates required relative 
to Q1 (January, February, March). The authors cannot 
currently provide any particular reason as to why a 
correlation exists between transfusion and time of year. 
Nevertheless, based on these findings, in addition to 
standard of care, if a hospital wanted to decrease transfusion 
rates, there could be a more focused monitoring of patient’s 
pre-operative factors such as hemoglobin, as well as an 
intra-operative focus on coagulation. As the explanation for 
these findings remains unclear, further exploration into this 
correlation would make for an excellent future study. The 
findings from this study suggest that elective THA surgery 
can be scheduled during any specific time of the year 
without affecting the 30-day post-operative complications. 
This information is helpful in counselling patients while 
scheduling THAs.
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