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Abstract

Background Despite extensive research regarding risk
factors for adverse events after total joint arthroplasty
(TJA), there are few publications describing the timing at
which such adverse events occur.
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Questions/purposes (1) On which postoperative day do
certain adverse events occur? (2) What adverse events
occur earlier after TKA than after THA? (3) For each
adverse event, what proportion occurred after hospital
discharge?

Methods We screened the American College of Surgeons
National Surgical Quality Improvement Program (ACS-
NSQIP) to identify all patients undergoing primary THA
and primary TKA between 2005 and 2013, resulting in a
study population of 124,657 patients evaluated as part of
this retrospective database analysis. For each of eight dif-
ferent adverse events, the median postoperative day of
diagnosis, interquartile range for day of diagnosis, and
middle 80% for day of diagnosis were determined. Multi-
variate Cox proportional hazards modeling was used to test
whether there is a difference of timing for each adverse
event as stratified by TKA or THA. The proportion of
adverse events occurring after versus before discharge was
also calculated.

Results The median day of diagnosis (and interquartile
range; middle 80%) for stroke was 2 (1-10; 1-19),
myocardial infarction 3 (2—-6; 1-15), pulmonary embolism
3 (2-7; 1-19), pneumonia 4 (2-9; 2-17), deep vein
thrombosis 6 (3—14; 2-23), urinary tract infection 8 (3—16;
2-24), sepsis 10 (5-19; 2-24), and surgical site infection
17 (11-23; 6-28). For the later occurring adverse events
(surgical site infection, sepsis), the rate of occurrence
remained high at the end of the 30-day postoperative per-
iod. Timing was earlier in patients undergoing TKA for
pulmonary embolism (day 3 [interquartile range 2—-6] ver-
sus 5 [3-17], p < 0.001) and deep vein thrombosis (day 5
[2-11] versus 13 [6-22], p < 0.001). The proportion of
events occurring after discharge for myocardial infarction
was 97 of 283 (34%), stroke 42 of 118 (36%), pulmonary
embolism 223 of 625 (36%), pneumonia 171 of 426 (40%),
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deep vein thrombosis 576 of 956 (60%), urinary tract
infection 958 of 1406 (68%), sepsis 284 of 416 (68%), and
surgical site infection 1147 of 1212 (95%).

Conclusions As lengths of hospital stay after TJA con-
tinue to decrease, our findings suggest that caution is in
order because several acute and immediately life-threat-
ening findings, including myocardial infarction and
pulmonary embolism, might occur after discharge. Fur-
thermore, the timing of surgical site infection and sepsis
suggests that even the 30-day followup afforded by the
ACS-NSQIP may not be sufficient to study the latest
occurring adverse events. Additionally, both pulmonary
embolism and deep vein thrombosis tend to occur earlier
after TKA than THA, and this should guide clinical
surveillance efforts in patients undergoing those proce-
dures. These findings also indicate that inpatient-only
databases (such as the Nationwide Inpatient Sample) may
fail to capture a very large proportion of postoperative
adverse events, weakening the conclusions of many pub-
lished studies using those databases.

Level of Evidence Level 111, therapeutic study.

Introduction

Long lists of risk factors have been identified for each of
the common adverse events after total joint arthroplasty
(TJA), including, for example, venous thromboembolism
[16, 17, 21, 24, 31, 36], surgical site infection [4, 7,
10, 30], and myocardial infarction [1, 13, 15, 18, 35].
Although risk factors for postoperative adverse events are
critical to understand, an important dimension that has
received far less attention is the timing of adverse events.
In terms of existing research, Parvizi and colleagues de-
scribed a group of 1,636 patients undergoing either
primary THA or THA and found that 90% of major
complications occurred within 4 days of the index surgery
[23]. Pulido et al. examined 9245 patients undergoing
primary hip or knee arthroplasty from a local data set with
12 months of followup and found that 27% of peripros-
thetic joint infections were diagnosed within the first 30
days after arthroplasty [28]. Finally, Mantilla and col-
leagues examined 10,244 patients undergoing primary
THA or TKA and discovered that the median times to
myocardial infarction, pulmonary embolism, and death
after the index procedures were 1, 4, and 9 days,
respectively [16]. Although the aforementioned recent
studies have been helpful in providing valuable informa-
tion regarding the timing of complications after TJA, the
results are limited by relatively small numbers, local
cohorts, or cursory analyses affecting the power, gener-
alizability, and breadth of the conclusions.

A better understanding of the timing of adverse events
after TJA would allow surgeons to lower the thresholds for
postoperative diagnostic testing during the time periods of
greatest risk. Additionally, such information has the
potential to guide research in terms of what duration
postoperatively patients need to be followed to capture the
occurrence of specific adverse events. Perhaps most
importantly, the length of hospital stay after TJA has been
decreasing with much recent research focused on the safety
of rapid recovery protocols and outpatient procedures in
both THA and TKA [11, 14, 20]. However, the timing of
adverse events is an important consideration in the safety
of these protocols because acute and life-threatening
complications, including myocardial infraction and pul-
monary embolism, may be more quickly diagnosed and
effectively treated if the patient has yet to be discharged.

Therefore, we asked: (1) On which postoperative day do
certain adverse events occur? (2) What adverse events
occur earlier after TKA than after THA? (3) For each
adverse event, what proportion occurred after hospital
discharge?

Materials and Methods

A retrospective comparative study was conducted using the
American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) database [12, 19,
32, 33]. The ACS-NSQIP is a surgical registry in which
patients undergoing major surgical procedures at several
hundred institutions nationwide are identified preopera-
tively and then followed postoperatively for the
development of postoperative adverse events. Highly
trained surgical clinical reviewers review inpatient and
outpatient records at the end of a 30-day postoperative
followup period for the occurrence of any of these events.
In cases in which occurrence is unclear, ACS-NSQIP
reviewers will contact either the patients or the providers to
clarify. The program has undergone regular rigorous
review and has been demonstrated to have a high degree of
reliability [33]. It has now been used extensively in
orthopaedic and particularly in TJA research [2, 3, 8, 19].

After obtaining approval from our institutional review
board, the 2005 to 2013 ACS-NSQIP database was
accessed. Patients undergoing either primary THA or pri-
mary TKA were identified using Current Procedural
Terminology codes (27130 for THA, 27447 for TKA). In
total, 146,553 cases were initially identified. However,
cases were excluded if there was any indication that they
may not be a pure, simple, elective primary TJA (for
example, coding included hardware removal, major liga-
ment reconstruction, acute trauma, additional unrelated
procedures, preoperative infection, etc). Hence, 124,657 of
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the 146,553 patients (85.1%) undergoing TJA met inclu-
sion criteria (Table 1). Of these, 48,076 (38.6%) underwent
THA and 76,581 (61.4%) underwent TKA. The following
adverse events were analyzed: urinary tract infection, sur-
gical site infection, deep vein thrombosis, pulmonary
embolism, pneumonia, sepsis, myocardial infarction, and
stroke (Table 2).

First, for each adverse event, the following was deter-
mined: the rate of occurrence in the first 30 postoperative
days, the median postoperative day of diagnosis, and
associated interquartile range and middle 80%. Second,
differences in timing for each adverse event as stratified by
TKA or THA were analyzed. This relied on multivariate
Cox proportional hazards modeling to test for demo-
graphic, comorbidity, and procedural associations with
early versus late occurrence during the 30-day postopera-
tive interval. Each multivariate model included the

Table 1. Patient population

Population characteristics Number Percent
Total 124,657 100
Age

18-59 years 31,997 26

60-69 years 43,627 35

70-79 years 34,642 28

> 80 years 14,391 12
Sex

Male 49,559 40

Female 75,098 60
Body mass index

< 24.9 kg/m? 18,433 15

25.0-29.9 kg/m? 38,142 31

30.0-34.9 kg/m? 33,445 27

> 35.0 kg/m? 34,637 28
Functional status

Independent 121,696 98

Dependent 2961 2
Diabetes 17,484 14
Dyspnea on exertion 8304 7
Hypertension 78,851 63
COPD 4688 4
Current smoker 67,712 10
Procedure

THA 48,076 36

TKA 76,581 61
Anesthesia

Regional 56,658 46

General 67,712 54

COPD = chronic obstructive pulmonary disease.
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following predictor variables: age, sex, body mass index,
functional status (independent versus dependent), perfor-
mance of TKA versus THA, use of general versus regional
anesthesia, current smoking status, and the presence of
diabetes, dyspnea on exertion, hypertension, and chronic
obstructive pulmonary disease. Independent functional
status is defined as the ability to perform all activities of
daily living without the assistance of another person in the
30 days before surgery. Dependent functional status is
defined as some or total assistance in completing some or
all activities of daily living in the 30 days before surgery.
Finally, the proportion of adverse events occurring before
versus after discharge were calculated. The level of sig-
nificance was set at p < 0.05.

Results

The median day of diagnosis (and interquartile range;
middle 80%; Fig. 1) for stroke was 2 (1-10; 1-19),
myocardial infarction 3 (2-6; 1-15), pulmonary embolism
3 (2-7; 1-19), pneumonia 4 (2-9; 2-17), deep vein
thrombosis 6 (3—14; 2-23), urinary tract infection 8 (3—16;
2-24), sepsis 10 (5-19; 2-24), and surgical site infection
17 (11-23; 6-28). For the earliest occurring adverse events
(stroke, myocardial infarction), the rate of occurrence had
nearly plateaued by the end of the 30-day postoperative
period. In contrast, for the latest occurring adverse events
(eg, surgical site infection, sepsis), the rate of occurrence
remained high at the end of the 30-day postoperative period
(Fig. 2).

Timing was earlier in patients undergoing TKA for
pulmonary embolism (day 3 [interquartile rage 2—6] versus
5 [3-17], p < 0.001) and deep vein thrombosis (day 5
[2-11] versus 13 [6-22], p < 0.001) (Table 3). Some
adverse events were associated with certain baseline
characteristics. For myocardial infarction, earlier occur-
rence was associated with female sex (median of 2 versus 3
days, p < 0.001). For pulmonary embolism, earlier occur-
rence was also associated with independent functional
status (3 versus 16 days, p = 0.004). For pneumonia, earlier
occurrence was associated with) the use of regional anes-
thesia (3 versus 9 days, p = 0.001). For urinary tract
infection, earlier occurrence was associated with obesity (7
versus 9 days, p < 0.004). There were no associations with
the timing of stroke or sepsis.

The proportion of events occurring after discharge for
myocardial infarction was 97 of 283 (34%), stroke 42 of
118 (36%), pulmonary embolism 223 of 625 (36%),
pneumonia 171 of 426 (40%), deep vein thrombosis 576 of
956 (60%), urinary tract infection 958 of 1406 (68%),
sepsis 284 of 416 (68%), and surgical site infection 1147 of
1212 (95%).
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Table 2. Adverse event rates (N = 124,657)
Adverse event Number Percent 95% CI
Urinary tract infection 1406 1.13 1.07-1.19
Surgical site infection 1212 0.97 0.92-1.03
Deep vein thrombosis 956 0.77 0.72-0.82
Pulmonary embolism 625 0.50 0.46-0.54
Pneumonia 426 0.34 0.31-0.37
Sepsis 416 0.33 0.30-0.37
Myocardial infarction 283 0.23 0.20-0.25
Stroke 118 0.09 0.08-0.11
CI = confidence interval.
Fig. 1 This figure displays the -
summary statistics for the tim- Stroke K | 4 Median Day
ing of adverse events. The |:| Interquartile Range
median day of diagnosis (and Myocardial Infarction | I + | _
interquartile  range; middle D Middle 80%
80%) for stroke was 2 (1-10; Pulmonary Embolism
1-19), myocardial infarction 3 | I + | |
(2-6; 1-15), pulmonary embo- .
lism 3 (2-7; 1-19), pneumonia 4 Pneumonia | + | I
(2-9; 2-17), deep vein throm-
bosis 6 (3-14; 2-23), urinary Deep Vein Thrombosis | | + | |
tract infection 8 (3-16; 2-24),
sepsis 10 (5-19; 2-24), and Urinary Tract Infection ] $ | |
surgical site infection 17 (11—
23; 6-28). Sepsi
s L + | |
Surgical Site Infection I | + |
T T T T T T T
0 5 10 15 20 25 30
Postoperative Day
Discussion to guide timing of discharge. Therefore, we aimed to

Although risk factors for postoperative adverse events are
critical to understand, an important dimension that has
received less attention is the timing of when the most
common and most severe adverse events actually occur in
the days and weeks after elective arthroplasty. A better
understanding of the timing of adverse events after TJA
would allow surgeons to lower the thresholds for postop-
erative diagnostic testing during the time periods of
greatest risk. Additionally, such information has the
potential to guide research in terms of for what duration
postoperatively patients need to be followed to capture the
occurrence of specific adverse events. Finally, the trend
toward rapid recovery protocols and outpatient joint
arthroplasty could impact the location of the patient during
acute and life-threatening complications, including
myocardial infarction and pulmonary embolism
[11, 14, 20]. Knowing when these events occur could help

characterize the timing of eight different postoperative
adverse events after THA and TKA, to compare the timing
between procedures, and to identify what proportion of
adverse events occur after discharge.

Limitations of the present study are those of the ACS-
NSQIP. First, the ACS-NSQIP only follows patients for 30
days; hence, the occurrence of adverse events beyond the
30-day postoperative period could not be investigated. This
does not present a problem for the earlier occurring adverse
events; however, it would have been helpful to see the
timing curves extend out further for the later occurring
adverse events, most notably surgical site infection, sepsis,
and urinary tract infection. Second, the ACS-NSQIP does
not collect data on orthopaedic-specific adverse events
such as dislocation, loosening, and catastrophic failure;
instead, the program focuses on short-term, general medi-
cal/surgical adverse events. Additionally, the ACS-NSQIP
does not collect data on patient-reported outcomes, so the
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Earlier Adverse Events
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Fig. 2 This figure displays the histograms and timing curves for the
timing of adverse events. For each adverse event, the left most graph
is the histogram depicting the percentage of the total number of
adverse events that occur in each 5-day interval, the middle graph is
the timing curve representing the cumulative percentage of adverse
events that have occurred by day for all patients, and the right graph is
the timing curves displaying the cumulative percentage of adverse
events that have occurred by day stratified by TKA and THA.

timing of improvement in such outcomes (such as pain
scores and Knee Society Score) could not be characterized.
ACS-NSQIP, like all national data sets, must be used with
caution with respect to the accuracy of the coding. How-
ever, the use of highly trained clinical reviewers for data
abstraction combined with regular quality reviews has been
shown to be effective in producing reliable data [33].
Finally, being retrospective in nature and largely focused
on the timing of adverse events, these data cannot support
any specific clinical algorithm for the diagnosis or treat-
ment of adverse events.

The major implications of the present study are to urge
caution in the adoption of decreasing lengths of hospital
stay after TJA. Rapid recovery protocols and outpatient
procedures have been receiving more attention in part as a
result of improvements in minimally invasive techniques,
changing reimbursements, and rising patient expectations.
However, the median time of acute and life-threatening
adverse events, including myocardial infarction and
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Later Adverse Events
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Probability values in the right-sided timing curves are results from the
multivariate Cox proportional hazards models that compared timing
between THA and TKA while controlling for all other factors. Timing
did not differ between THA and TKA with three exceptions: for
pulmonary embolism, timing was earlier for TKA (day 3 versus 5, p <
0.001); for deep vein thrombosis, timing was earlier for TKA (day 5
versus 13, p < 0.001); and for surgical site infection, timing was
earlier for TKA (day 16 versus 17, p = 0.008).

pulmonary embolism, is on the third day. Patients dis-
charged rapidly are at risk of delayed diagnosis and
treatment of these conditions in comparison with those
who are still hospitalized. Additionally, the results of the
current study direct clinical practice in that surgeons
should have the lowest thresholds for ordering postoper-
ative tests during the time periods of greatest risk. For
example, a postoperative stroke is far more likely to occur
during the several days after surgery than during post-
operative days 15 to 30. Hence, the threshold for ordering
head CT and/or neurology consult should be much lower
during these early days. Similarly, pretest probabilities
should be altered accordingly with an increase in the
pretest probability for each adverse event during the time
period identified here to be of greatest risk. Finally, the
findings regarding the latest occurring adverse events
(sepsis and surgical site infection) indicate that, although
the ACS-NSQIP is routinely used to study adverse events
[8, 27, 34], it may not be best to study the latest occurring
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Table 3. Timing of adverse events by baseline characteristics®

Adverse event and baseline characteristic Median day without characteristic Median day with characteristic p value
(and interquartile range) (and interquartile range)

Stroke

No associations - - -
Myocardial infarction

Female 3 (2-8) 2 (1-4) < 0.001
Pulmonary embolism

Dependent status (versus independent) 3 (2-7) 16 (7-20) 0.004

TKA® 5(3-17) 3 (2-6) < 0.001
Pneumonia

Dyspnea on exertion 6 (3-12) 5 (3-11) 0.002

General anesthesia (versus regional) 3 (2-8) 9 (3-15) 0.001
Deep vein thrombosis

TKA' 13 (6-22) 5(2-11) < 0.001
Urinary tract infection

Obese (BMI > 30 kg/m?) 9 (4-17) 7 (3-15) 0.004
Sepsis

No associations - - -
Surgical site infection

Obese (BMI > 30 kg/m?) 15 (9-22) 17 (12-23) < 0.001

TKA' 17 (13-23) 16 (10-23) 0.008

* Only statistically significant associations are shown; '

events because it does not account for occurrences after
30 days.

It was interesting that thromboembolic events (deep vein
thrombosis and pulmonary embolism) tended to occur
substantially earlier after TKA than THA. This has been
demonstrated on one other occasion with respect to pul-
monary embolism (but not deep vein thrombosis) [22] and
is confirmed here. The cause for this difference is not
known. We speculate that it could be related to differences
in patient positioning or the use of a tourniquet intraoper-
atively with knee flexion during portions of the case or the
use of a tourniquet predisposing to venous compression and
thrombosis. That is, as a result of increased venous com-
pression during TKA compared with THA, a higher
proportion of venous thromboembolic events may be ini-
tiated intraoperatively and thus be seen earlier during the
postoperative course. A second difference in timing that
was noted was the substantially later occurrence of pul-
monary embolism in patients with dependent functional
status. To our knowledge, this has not been previously
reported. We speculate that this difference may be related
to the fact that for many patients, thrombosis may initiate
intraoperatively; however, patients with dependent func-
tional status likely spend increased postoperative time
immobilized, predisposing them to postoperative initiation
of venous thrombosis. As a result, a greater proportion of
pulmonary emboli in those with functional dependence

in comparison with THA; BMI = body mass index.

may be observed later in the postoperative course. Finally,
the reader might note that we did observe a difference in 1
day in the timing of surgical site infection between THA
and TKA; although statistically significant, this difference
was not thought to be clinically significant.

Databases that only capture inpatient adverse events
may inadequately reflect actual occurrence, particular for
deep vein thrombosis, urinary tract infection, surgical site
infection, and sepsis because more than half of these events
occurred after discharge. This is a particularly important
consideration given the increase in the use of inpatient-only
data collection programs to study the occurrence of adverse
events [2, 3, 25, 27, 29]. An example of such a program is
the Nationwide Inpatient Sample (NIS), which samples
hospitals across the country and captures data regarding
procedures and adverse events during the inpatient stay.
Hence, databases such as NIS fail to capture more than half
of these adverse events. Nevertheless, these adverse events
remain commonly investigated using inpatient-only data
[5-7, 9, 26, 27, 29].

In conclusion, the findings of this manuscript emphasize
caution in adopting ever increasing shortening lengths of
hospital stay after TJA because the occurrence of life-
threatening and treatable complications will more often
occur in the outpatient setting, potentially leading to
delayed diagnosis and management. Additionally, these
data can be applied immediately in the guidance of

@ Springer



2958

Bohl

Clinical Orthopaedics and Related Research®

postoperative diagnostic testing when there is suspicion for
one of these eight events. Specifically, thresholds for
diagnostic testing should be lowered and pretest probabil-
ities should be raised for each adverse event during the
time periods identified here to be of greatest risk. Moving
forward, future research may focus on reasons for the
earlier occurrence of thromboembolism after TKA in
comparison with THA as well as on implications of the use
of data sets that do not collect postdischarge information.
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