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Abstract

Studies of adverse events (AEs) after ortho-
pedic surgery commonly use composite AE
outcomes. An example of such an outcome
is any AE.These types of outcomes treat AEs
with different clinical significance (eg, death,
urinary tract infection) similarly.

We conducted a study to address this
shortcoming in research methodology by
creating a single severity-weighted outcome
that can be used to characterize the overall
severity of a given patient’s postoperative
course. All orthopedic faculty members
at 2 academic institutions were invited
to complete a severity-weighting exercise
in which AEs were assigned a percentage
severity of death.

Mean (standard error) severity weight for
urinary tract infection was 0.23% (0.08%);
blood transfusion, 0.28% (0.09%); pneumonia,
0.55% (0.15%); hospital readmission, 0.59%

use of national databases for orthopedic

surgery research.”* Studies commonly com-
pare rates of postoperative adverse events (AEs)
across different demographic, comorbidity, and
procedural characteristics.>23 Their conclusions of-
ten highlight different modifiable and/or nonmod-
ifiable risk factors associated with the occurrence
of postoperative events.

The several dozen AEs that have been investigat-
ed range from very severe (eg, death, myocardial
infarction, coma) to less severe (eg, urinary tract
infection [UTI], anemia requiring blood transfusion).

R ecently there has been an increase in the

(0.23%); wound dehiscence, 0.64% (0.17%);
deep vein thrombosis, 0.64% (0.19%); super-
ficial surgical-site infection, 0.68% (0.23%);
return to operating room, 0.91% (0.29%);
progressive renal insufficiency, 0.93% (0.27%);
graft/prosthesis/flap failure, 1.20% (0.34%);
unplanned intubation, 1.38% (0.53%); deep
surgical-site infection, 1.45% (0.38%); failure
to wean from ventilator, 1.45% (0.48%); organ/
space surgical-site infection, 1.76% (0.46%);
sepsis without shock, 1.77% (0.42%); periph-
eral nerve injury, 1.83% (0.47%); pulmonary
embolism, 2.99% (0.76%); acute renal failure,
3.95% (0.85%); myocardial infarction, 4.16%
(0.98%); septic shock, 7.17% (1.36%); stroke,
8.73% (1.74%); cardiac arrest requiring cardio-
pulmonary resuscitation, 9.97% (2.46%); and
coma, 15.14% (3.04%).

Future studies may benefit from using this
new severity-weighted outcome score.

A common approach for these studies is to consid-
er many AEs together in the same analysis, asking
a guestion such as, “What are risk factors for the
occurrence of ‘adverse events' after spine sur
gery?” Such studies test for associations with the
occurrence of “any adverse event,” the occurrence
of any “serious adverse event,” or similar compos-
ite outcomes. How common this type of study has
become is indicated by the fact that in 2013 and
2014, at least 12 such studies were published in
Clinical Orthopaedics and Related Research and the
Journal of Bone and Joint Surgery,®'?"?% and many
more in other orthopedic journals.’™2°
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Take-Home Points

® Studies of AEs after
orthopedic surgery com-
monly use composite AE
outcomes.

® These types of outcomes
treat AEs with different
clinical significance
similarly.

m This study created a
single severity-weighted
outcome that can be
used to characterize the
overall severity of a given
patient's postoperative
course.

m Future studies may
benefit from using this
new severity-weighted
outcome score.

However, there is a problem in
using this type of composite out-
come to perform such analyses:
AEs with highly varying degrees
of severity have identical impacts
on the outcome variable, chang-
ing it from negative (“no adverse
event”) to positive (“at least one
adverse event”). As a result, the
system may treat a very severe
AE such as death and a very minor
AE such as UTI similarly. Even in
studies that use the slightly more
specific composite outcome of
"serious adverse events,” death
and a nonlethal thromboembolic
event would be treated similarly.
Failure to differentiate these AEs
in terms of their clinical signifi-
cance detracts from the clinical
applicability of conclusions drawn
from studies using these types of
composite AE outcomes.

In one of many examples that can be consid-
ered, a retrospective cohort study compared

general and spinal anesthesia used in total knee
arthroplasty.® The rate of any AEs was higher with
general anesthesia than with spinal anesthesia
(12.34% vs 10.72%; P = .003). However, the only
2 specific AEs that had statistically significant
differences were anemia requiring blood transfu-
sion (6.07% vs 5.02%; P = .009) and superficial
surgical-site infection (SSI; 0.92% vs 0.68%; P <
.001). These 2 AEs are of relatively low severity;
nevertheless, because these AEs are common,
their differences constituted the majority of the
difference in the rate of any AEs. In contrast,
differences in the more severe AEs, such as death
(0.11% vs 0.22%; P> .05), septic shock (0.14% vs
0.12%; P> .05), and myocardial infarction (0.20%
vs 0.20%; P > .05), were small and not statistically
significant. Had more weight been given to these
more severe events, the outcome of the study like-
ly would have been “no difference.”

To address this shortcoming in orthopedic re-
search methodology, we created a severity-weighted
outcome score that can be used to determine the
overall “severity” of any given patient’s postoper
ative course. We also tested this novel outcome
score for correlation with procedure type and
patient characteristics using orthopedic patients
from the American College of Surgeons (ACS)
National Surgical Quality Improvement Program
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(NSQIP). Our intention is for database investigators
to be able to use this outcome score in place of
the composite outcomes that are dominating this
type of research.

Methods

Generation of Severity Weights

Our method is described generally as utility

weighting, assigning value weights reflective

of overall impact to differing outcome states.?

Parallel methods have been used to generate the

disability weights used to determine disability-

adjusted life years for the Global Burden of

Disease project? and many other areas of health,

economic, and policy research.

All orthopedic faculty members at 2 geograph-
ically disparate, large US academic institutions
were invited to participate in a severity-weighting
exercise. Each surgeon who agreed to participate
performed the exercise independently. Each par
ticipant was given a stack of 23 index cards, each
listing the name and description of an AE moni-
tored by ACS-NSQIP (Table 1).%8 In addition, in the
upper right corner of each card was a box in which
the participant could write a number. Each stack of
cards was provided in a distinct randomized order.
Written instructions for participants were exactly
as follows:

m STEP 1: Please reorder the AE cards by your per-
ception of “severity” for a patient experiencing
that event after an orthopedic procedure.

m STEP 2: Once your cards are in order, please
determine how many postoperative occurrences
of each event you would “trade” for 1 patient
experiencing postoperative death. Place this
number of occurrences in the box in the upper
right corner of each card.

m NOTES: As you consider each AE:

O Please consider an “average” occurrence of
that AE, but note that in no case does the AE
result in perioperative death.

O Please consider only the “severity” for the
patient. (Do not consider the extent to which
the event may be related to surgical error.)

O Please consider that the numbers you assign
are relative to each other. Hence, if you would
trade 20 of “event A’ for 1 death, and if you
would trade 40 of “event B” for 1 death, the
implication is that you would trade 20 of “event
A" for 40 of “event B.”

O You may readjust the order of your cards at
any point.

Participants’ responses were recorded. For each
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Table 1. Adverse Events and Descriptions Worded Exactly as Presented to Participants

Adverse Event Description
Urinary tract infection Symptomatic postoperative urinary tract infection with laboratory confirmation
Blood transfusion At least 1 unit of packed or whole red blood cells administered from start of surgery

through 72 hours after surgery

Pneumonia Infection of lung alveoli with both radiographic and clinical evidence of infection

Hospital readmission Unplanned hospital readrmission for any reason during perioperative period
Wound dehiscence Mechanical failure of wound with superficial opening but no obvious infection
Despvein thrombosis | Identification of new blood clot or thromibus within deep venous system that requires therapy
Superficial surgical-site infection | Incision-site infection that remains superficial (involves only skin or subcutaneous tissue

of incision) and results in return to operating room

Progressive renal insufficiency Reduced functional capacity of kidney, as evidenced by creatinine level increase

(creatinine level increase; dialysis not required) of >2 mg/dL over preoperative value, but dialysis is not required during perioperative peri-
od; dialysis requirement makes this acute renal failure, a separate adverse event

Graft/prosthesis/flap failure Mechanical failure of graft or prosthesis (including myocutaneous flaps and skin grafts)
that requires return to operating room

Unplanned intubation Unplanned placement of endotracheal tube or similar breathing tube (eg, laryngeal mask
airway, nasotracheal tube) and ventilator support

Deep surgical-site infection Incision-site infection that involves deep soft tissues (deep to fascia and/or into muscle
layers) and results in return to operating room

Failure to wean from ventilator Ventilator-assisted respiration required for >48 hours during postoperative hospitalization

for >48 hours

Organ/space surgical-site infection Infection that seems related to operation and involves any part of anatomy (eg, organs,
spaces), other than incision site and opened or manipulated during operation (eg, infection
of retroperitoneal space after anterior approach to lumbar spine)

Sepsis without shock (nonsevere sepsis) Sepsis is systemic response to infection; sepsis diagnosis requires 2 SIRS (systemic
inflammatory response syndrome) criteria and documentation of infection

Peripheral nerve injury Peripheral nerve (eg, nerve root, femoral or ulnar nerve) damage that occurs during surgery
and results in motor deficit

Acute renal failure (requires dialysis) In a patient who did not require dialysis before surgery, postoperative worsening of renal
function to the point that hemodialysis, peritoneal dialysis, hemofiltration, hemodiafiltration,
or ultrafiltration is required

Septic shock (severe sepsis) Septic shock is sepsis associated with organ and/or circulatory dysfunction; a patient
must have sepsis and documented organ and/or circulatory dysfunction

Stroke Embolic, thrombotic, or hemorrhagic vascular accident or stroke with motor, sensory,
or cognitive dysfunction that persists for >24 hours

Cardiac arrest Cardiac arrest, caused by absence of cardiac rhythm or presence of chaotic cardiac
rhythm, requires cardiopulmonary resuscitation

Coma Patient is unconscious, postures to painful stimuli, or is unresponsive to all stimuli
for >24 hours
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Table 2. ICD-9Codes, CPT Codes, and Other Criteria Used for Inclusion in Demonstration Portion of Study

Procedure ICD-9 Code® CPT Codes

Elective anterior cervical decompression and fusion? — 22551, 22554

.E. |ectlve pn ma ry tota| h Iparthr Op|asty ............................... 7 15X .................... 2 7130 .......................................................
.E. |ectlve pnmarymtal kneear thro masty ............................. 7 15)( .................... 2 7447 .......................................................
Blective lumbar fusion® ~ — 22533, 22568, 22612, 22630, 22633
Ane fracture surgery g2ax 27766, 27769, 27792, 27814, 27822, 27823
lelalShaftfracture Surgery_ ........................ 2 7758 27759 ..............................................
Femora|shaﬂ fracturesurgery_ ........................ 2 750627507 ..............................................
Hipfracte surgery g20x 27235, 27125, 27236, 27130, 27244, 27245

Abbreviations: CPT, Current Procedural Terminology; ICD-9, International Classification of Diseases, Ninth Revision.
*For this procedure, surgery must have also been specifically defined as elective in National Surgical Quality Improvement Program.
"Wildcard digit or digits (x) can range from 0 to 99.

E238

number provided by each participant, the inverse
(reciprocal) was taken and multiplied by 100%.
This new number was taken to be the percentage
severity of death that the given participant consid-
ered the given AE to embody. For example, as a
hypothetical on one end of the spectrum, if a par
ticipant reported 1 (he/she would trade 1 AE X for
1 death), then the severity would be 1/1 x 100%
= 100% of death, a very severe AE. Conversely,

if a participant reported a very large number like
100,000 (he/she would trade 100,000 AEs X for

1 death), then the severity would be 1/100,000 x
100% = 0.001% of death, a very minor AE. More
commonly, a participant will report a number like
25, which would translate to 4% of death (1/25

x 100% = 4%). For each AE, weights were then
averaged across participants to derive a mean
severity weight to be used to generate a novel
composite outcome score.

Definition of Novel Composite Outcome Score

The novel composite outcome score would be
expressed as a percentage to be interpreted as
percentage severity of death, which we termed
severity-weighted outcome relative to death
(SWORD). For each patient, SWORD was defined
as no AE (0%) or postoperative death (100%), with
other AEs assigned mean severity weights based
on faculty members’ survey responses. A patient
with multiple AEs would be assigned the weight
for the more severe AE. This method was chosen
over summing the AE weights because in many
cases the AEs were thought to overlap; hence,
summing would be inappropriate. For example,
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generally a deep SSI would result in a return to
the operating room, and one would not want to
double-count this AE. Similarly, it would not make
sense for a patient who died of a complication to
have a SWORD of >100%, which would be the
summing result.

Application to ACS-NSQIP Patients

ACS-NSQIP is a surgical registry that prospectively
identifies patients undergoing major surgery at any
of >500 institutions nationwide.?®?” Patients are
characterized at baseline and are followed for AEs
over the first 30 postoperative days. Patients un-
dergoing any of 8 common orthopedic procedures
were identified in the 2012 ACS-NSQIP database
using International Classification of Diseases,
Ninth Revision (ICD-9) codes and Current Proce-
dural Terminology (CPT) codes (Table 2). Any patient
with missing data was excluded from this popula-
tion before analysis.

First, mean SWORD was calculated and report-
ed for patients undergoing each of the 8 proce-
dures. Analysis of variance (ANOVA) was used to
test for associations of mean SWORD with type
of procedure both before and after multivariate
adjustment for demographics (sex; age in years,
<40, 40-49, 50-59, 60-69, 70-79, 80-89, >90) and
comorbidities (diabetes, hypertension, chronic
obstructive pulmonary disease, exertional dyspnea,
end-stage renal disease, congestive heart failure).

Second, patients undergoing the procedure with
the highest mean SWORD (hip fracture surgery)
were examined in depth. Among only these
patients, multivariate ANOVA was used to test

www.amjorthopedics.com
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Table 4. Patient Characteristics

Characteristic n %
Total 47 100
Academic center
A 23 49
B 24 51
Orthopedic subspecialty
Adult reconstruction 8 17
Foot and ankle 5 1
Hand 4 9
Oncology 3 6
Pediatrics 5 Il
Shoulder and elbow 2 4
Spine 10 21
Sports 8 17
Trauma 2 4
Years in practice
0-9 17 36
10-19 12 26
>20 18 38

eEach section sums to 47 participants and 100%.

for associations of mean SWORD with the same
demographics and comorbidities.

All statistical tests were 2-tailed. Significance
was set at a = 0.05 (P < .05).

All 23 institution A faculty members (100%) and
24 (89%) of the 27 institution B faculty members
completed the exercise. Total number of partici-
pants was 47, and the overall response rate was
94%. Participant characteristics are listed in Table 3.

In the ACS-NSQIP database, 85,109 patients
were identified on the basis of the initial inclusion
criteria. After patients with missing data were
excluded, 85,031 remained for analysis. Patient
characteristics are listed in Table 4.

Results

Figure 1 shows mean severity weights and
standard errors generated from faculty respons-
es. Mean (standard error) severity weight for UTI
was 0.23% (0.08%); blood transfusion, 0.28%
(0.09%); pneumonia, 0.55% (0.15%); hospital
readmission, 0.59% (0.23%); wound dehiscence,
0.64% (0.17%); deep vein thrombosis, 0.64%
(0.19%); superficial SSI, 0.68% (0.23%); return to
operating room, 0.91% (0.29%); progressive renal
insufficiency, 0.93% (0.27%); graft/prosthesis/
flap failure, 1.20% (0.34%); unplanned intubation,
1.38% (0.53%); deep SSI, 1.45% (0.38%); failure
to wean from ventilator, 1.45% (0.48%); organ/

www.amjorthopedics.com

Characteristic n %

Total® 85,031 100

Procedure?
Elective anterior cervical decompression and fusion 6173 7.3
Elective primary total hip arthroplasty 20,595 24.2
Elective primary total knee arthroplasty 34,341 40.4
Elective lumbar fusion 7904 9.3
Ankle fracture surgery 2876 3.4
Tibial shaft fracture surgery 555 0.7
Femoral shaft fracture surgery 594 0.7
Hip fracture surgery 11,993 14.1

Age,y?
18-29 894 11
30-39 2071 2.4
40-49 5979 7.0
50-59 16,285 19.2
60-69 24,617 29.0
70-79 19,965 235
80-89 12,048 14.2
>90 3172 3.7

Sex®
Male 51,769 60.9
Female 33,262 39.1

Diabetes 13,033 15.33

Hypertension 51,317 60.35

Chronic obstructive pulmonary disease 4044 4.76

Exertional dyspnea 5844 6.87

End-stage renal disease 387 0.46

Congestive heart failure 589 0.69

2Section sums to 85,031 patients and 100%.

space SSI, 1.76% (0.46%); sepsis without shock,

1.77% (0.42%); peripheral nerve injury, 1.83%

(0.47%); pulmonary embolism, 2.99% (0.76%);

acute renal failure, 3.95% (0.85%); myocardial

infarction, 4.16% (0.98%); septic shock, 717%

(1.36%); stroke, 8.73% (1.74%); cardiac arrest

requiring cardiopulmonary resuscitation, 9.97%

(2.46%); and coma, 15.14% (3.04%).
Among ACS-NSQIP patients, mean SWORD

ranged from 0.2% (elective anterior cervical

decompression and fusion) to 6.0% (hip fracture

surgery) (Figure 2). Mean SWORD was associated

with procedure type both before (P < .001) and

after (P < .001) controlling for demographic and

comorbidity differences between populations.

Among ACS-NSQIP patients having hip fracture
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Urinary tract infection ~ ®0.23%
Blood transfusion ~ ®0.28%
Pneumonia o 0.55%
Hospital readmission 04 0.59%
Wound dehiscence 91 0.64%
Deep vein thrombosis 91 0.64%
Superficial surgical site infection o4 0.68%
Return to operating room ~0-10.91%
" Progressive renal insufficiency 8- 0.93%
§ Graft/prosthesis/flap failure o 1.20%
% Unplanned intubation —e—i1.38%
g Deep surgical site infection —o— 1.45%
p Failure to wean from ventilator —e—1.45%
Organ/space surgical site infection —e—i 1.76%
Sepsis without shock ——1.77%
Peripheral nerve injury —e—i 1.83%
Pulmonary embolism ——i2.99%
Acute renal failure ——i3.95%
Myocardial infarction ———i4.16%
Septic shock ——i7.17%
Stroke ————e——i8.73%
Cardiac arrest requiring CPR ® 9.97%
Coma g 15.14%
0 10 15 20

Figure 1. Mean severity weights and standard errors generated from faculty responses.

Abbreviation: CPR, cardiopulmonary resuscitation.
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Figure 2. Mean SWORD by orthopedic procedure.

Abbreviations: ACDF, anterior cervical decompression and fusion; SWORD, severity-weighted outcome

relative to death; THA, total hip arthroplasty; TKA, total knee arthroplasty.
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surgery, mean SWORD was independently asso-
ciated with older age, male sex, and 4 of 6 tested
comorbidities (Ps < .05) (Figure 3).

Discussion

The use of national databases in studies has
become increasingly common in orthopedic
surgery.™ However, many of these studies use
composite outcomes such as “any adverse
events” and “serious adverse events"” to generate
primary results.>> Such methods implicitly consider
the severity of markedly different AEs (death, UTI)
to be the same. Our study provides orthopedics
researchers with a tool that can be used to over
come this methodologic deficit.

The academic orthopedic surgeons who partic-
ipated in our severity-weighting exercise thought
the various AEs have markedly different severities.
The least severe AE (UTI) was considered 0.23%
as severe as postoperative death, with other
events spanning the range up to 15.14% as severe
as death. This wide range of severities demon-
strates the problem with composite outcomes that
implicitly consider all AEs similarly severe. Use of
these markedly disparate weights in the develop-
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10 15
Mean SWORD (%)

Il Reference Group (Without Comorbidity)

20 -10 25 0 5 10 15
Adjusted Difference in SWORD (%)

Il Comparison Group (With Comorbidity)

Figure 3. Associations of mean SWORD with age, sex, and tested comorbidities.
Abbreviations: CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; SWORD, severity-weighted outcome relative to death.

ment of SWORD enables this outcome to be more
clinically applicable than outcomes such as “any
adverse events.”

SWORD was highly associated with procedure
type both before and after adjustment for demo-
graphics and comorbidities. Among patients under
going the highest SWORD procedure (hip fracture
surgery), SWORD was also associated with age,
sex, and 4 of 6 tested comorbidities. Together, our
findings show how SWORD is intended to be used
in studies: to identify demographic, comorbidity,
and procedural risk factors for an adverse postop-
erative course. We propose that researchers use
our weighted outcome as their primary outcome—
it is more meaningful than the simpler composite
outcomes commonly used.

Outside orthopedic surgery, a small series
of studies has addressed severity weighting of
postoperative AEs.?528%0 However, their approach

www.amjorthopedics.com

was very different, as they were not designed

to generate weights that could be transferred to
future studies; rather, they simply compared sever
ities of postoperative courses for patients within
each individual study. In each study, a review of
each original patient record was required, as the
severity of each patient’s postoperative course
was characterized according to the degree of any
postoperative intervention—from no intervention
to minor interventions such as placement of an
intravenous catheter and major interventions such
as endoscopic, radiologic, and surgical procedures.
Only after the degree of intervention was defined
could an outcome score be assigned to a given
patient. However, databases do not depict the
degree of intervention with nearly enough detail
for this type of approach; they typically identify
only occurrence or nonoccurrence of each event.
Our work, which arose independently from this
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body of literature, enables an entirely different type
of analysis. SWORD, which is not based on degree
of intervention but on perceived severity of an
“average” event, enables direct application of se-
verity weights to large databases that store simple
information on occurrence and nonoccurrence of
specific AEs.

This study had several limitations. Most signifi-
cantly, the generated severity weights were based
on the surgeons’ subjective perceptions of severity,
not on definitive assessments of the impacts of
specific AEs on actual patients. We did not query
the specialists who treat the complications or who
present data on the costs and disabilities that may
arise from these AEs. In addition, to develop our
severity weighting scale, we queried faculty at only
2 institutions. A survey of surgeons throughout the
United States would be more representative and
would minimize selection bias. This is a potential
research area. Another limitation is that scoring was
subjective, based on surgeons’ perceptions of pa-
tients—in contrast to the Global Burden of Disease
project, in which severity was based more objec-
tively on epidemiologic data from >150 countries.

Orthopedic database research itself has
often-noted limitations, including inability to suffi-
ciently control for confounders, potential inaccu-
racies in data coding, limited follow-up, and lack
of orthopedic-specific outcomes.™*3 However,
this research also has much to offer, has increased
tremendously over the past several years, and
is expected to continue to expand. Many of the
limitations of database studies cannot be entirely
reversed. In providing a system for weighting post-
operative AEs, our study fills a methodologic void.
Future studies in orthopedics may benefit from
using the severity-weighted outcome score pre-
sented here. Other fields with growth in database
research may consider using similar methods to
create severity-weighting systems of their own.
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