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The number of annual THA's, TKA's, and TSA's is set to increase significantly by the year 2030, making it
imperative to understand the risks for negative outcomes in these procedures. While research has studied the
patient risk factors for perioperative and postoperative complications, there has been relatively little research for
intraoperative complications. After a thorough literature review, the most supported finding was that patients
with a BMI > 30 had significantly more intraoperative blood loss than those with a BMI < 30. All other re-

lationships between patient risk factors and intraoperative complications of interest were inadequately studied.

1. Introduction

The number of total hip arthroplasties (THA), total knee ar-
throplasties (TKA), and total shoulder arthroplasties (TSA) is expected
to rise significantly by the year 2030." Due to the increased demand
for these procedures, it is of great importance to understand the link
between intraoperative complications and patient risk factors. Doing so
will help avoid increased costs and negative health outcomes. Birk-
meyer et al.” found that THA's at hospitals that ranked in the top 20%
for general surgical complications cost patients on average $2436 more.
Nichols et al.* found that patients who had complications in the peri-
operative period of a TKA or THA were both more likely to be dis-
charged with home health services, and that discharge with home
health services increased incidence of readmission.

While there has been much research comparing patient risk factors,
such as age, sex, and body mass index (BMI), to complications within
the perioperative and 30-day postoperative periods,” '® there has been

relatively little research done comparing patient risk factors to in-
traoperative complications such as mortality, absolute hypotension and
hypertension, and pulmonary embolism. By addressing this gap in the
current literature, the health outcomes of patients, and the financial
outcomes of patients and providers, can be improved. In this article, the
current literature will be reviewed for patient characteristics and co-
morbidities that both alter the incidence of intraoperative complica-
tions and have not yet been studied thoroughly, thereby maximizing the
effectiveness and precision of future studies.

2. Methods

Relevant articles were found through the PubMed database using
the PRISMA guidelines. Table 1 provides a list of the search termi-
nology used for this review. The date range of the articles retrieved was
from 1976 to 2018. Articles studying populations outside of the United
States were included. 576 articles were retrieved from PubMed. After
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Table 1
Record of all search terms used on PubMed.

Search Terms Used for Literature Review

“Risk Factors Intraoperative Complications Arthroplasty”
“Preoperative Risk Factors Intraoperative Complications Arthroplasty”
“Patient Characteristics Intraoperative Complications Arthroplasty”
“Risk Factors Intraoperative Events Arthroplasty”

“Patient Characteristics Intraoperative Mortality Arthroplasty”

“Risk Factors Intraoperative Mortality Arthroplasty”

“Sudden Death Intraoperative Mortality”

“Perioperative Risk Factors Intraoperative Complications Arthroplasty”
“Perioperative Risk Factors Intraoperative Hypothermia Arthroplasty”
“Risk Factors Intraoperative Hypoxia Arthroplasty”

“Intraoperative Thromboembolism Risk Factors Arthroplasty”

removing 8 duplicates, 568 articles were left to be screened via title and
abstract review.

Following abstract review, 491 articles were excluded using our
exclusion criteria. Exclusion criteria included irrelevant comparisons
defined as articles that did not specifically compare patient character-
istics to intraoperative complications, such as articles that measured
comparisons to perioperative or postoperative complications. Irrelevant
comparisons also included measurements of the efficacy of different
procedure techniques, as well as articles that studied patient risk factors
for intraoperative fractures, as this topic is thoroughly represented in
the literature.'®° Notably, an irrelevant comparison consistently
found was the utility of Transexamic acid in decreasing perioperative
blood loss. This is an antifibrinolytic drug that prevents plasmin for-
mation. In addition, tourniquet times were similarly omitted as irrele-
vant comparisons. Although both Transexamic acid and tourniquets
play an important role in limiting perioperative blood loss, the goal of
this review was to compare patient characteristics to intraoperative
complications, not procedure techniques and the use of certain drugs to
intraoperative complications.

Exclusion criteria further included irrelevant populations defined as
surgical patients who did not specifically undergo elective, primary, or
revision TSA, TKA, or THA. These three procedures were included to-
gether as the article retrieval count was low for each one, however
excluded groups included hemiarthroplasty patients in order to limit
surgical variables. There were no exclusions based on the location of
studies, surgeon laterality, surgical approach, type of material for im-
plant fixation, or prosthesis types. The composition of the 491 articles
excluded was 467 irrelevant comparisons and 24 irrelevant popula-
tions.

The full content of the remaining 77 articles was then thoroughly
reviewed. 66 of these articles were excluded, the composition of which
was 62 irrelevant comparisons as defined above, 3 that were not in the
English language, and 1 article that had an insignificant patient popu-
lation of 7. The total articles included in the results section of this re-
view was therefore 11. Please see Fig. 1 for a graphical diagram of this
process.

These final 11 articles included some, but not all, of the patient
characteristics and intraoperative complications of interest in our
study. Patient characteristics of interest were: age, sex, BML, blood type,
rheumatoid arthritis (RA), osteoarthritis (OA), coronary artery disease,
congestive heart failure (CHF), chronic obstructive pulmonary disease,
asthma, presence of a patent foramen ovale (PFO), diabetes mellitus
type I and II, and ASA score. Intraoperative complications of interest
were: blood loss, mortality, intraoperative absolute hypotension and
hypertension, bone cement implantation syndrome, pulmonary embo-
lism, changes in heart rate, hypoxia, and hypothermia.

Independent statistical analysis was not possible for this review as
the data required was unavailable. Statistical significance was re-
presented by p-values less than 0.05. Both significant and insignificant
p-values are reported in the results section. Some authors chose not to
include p-values with their results.
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PubMed

576 Citation(s)

568 Non-Duplicate

Citations Screened

491 Articles Excluded
After Title/Abstract Screen

Inclusion/Exclusion
Criteria Applied

77 Articles Retrieved

66 Articles Excluded
After Full Text Screen

Inclusion/Exclusion

Criteria Applied

11 Articles Included

Fig. 1. PRISMA Flow Chart. Depicts a step-by-step analysis of the literature
review.

3. Results
3.1. Blood loss

Throughout the literature review, intraoperative blood loss was
found to be the most represented intraoperative complication.?’ 2°
Studies often attempted to assess the risk for blood transfusion by
measuring blood loss among patients with varying comorbidities.
However, many of these articles did not discriminate blood loss into
discrete categories of “intraoperative” and “postoperative” blood loss.
When blood loss was discriminated into discrete categories, there was
often no statistical analysis conducted that compared the patient
characteristics listed in the methods section with intraoperative blood
loss.

Multiple studies found that a higher BMI was correlated with higher
intraoperative blood loss (Table 2). In a prospective study of 80 THA's,
Bowditch et al.** found that patients with a BMI over 30 lost on average
213 mL more blood intraoperatively than patients with a BMI under 30
(p = 0.003). In 2013, Naziri et al.>* conducted a retrospective study of
190 TKA's, the results of which agreed with Bowditch's findings. Naziri
et al. compared “super obese” patients, defined as those with a
BMI > 50, to patients with a BMI < 30. They found that the “super
obese” patients lost on average 121 mL more blood intraoperatively
(p = 0.001). Gupta et al.>®* supported this finding with their retro-
spective analysis of 119 TSA's. They found that patients with a
BMI > 35 lost on average 62 mL more blood intraoperatively than pa-
tients with a BMI < 35 (p = 0.050).

BMI was not the only patient characteristic compared to in-
traoperative blood loss. Alberth et al.,>* through a retrospective study
of 540 THA's, found that patients with blood types A, B, and AB did not
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Table 2
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Pertinent findings of each study regarding intraoperative blood loss and related patient risk factors. The risk factor column lists the case group followed by the control
group for each study. (+) represents a positive, or larger, amount of blood lost from the perspective of the case group to the control group. Statistically significant p-

values are denoted by an asterisk*. The significance level was p < 0.05.

Studies Comparing Patient Characteristics and Intraoperative Blood Loss

Author(s) Number of Arthroplasties (n) Type of Arthroplasty  Risk Factor (Case vs Control) Mean Blood Loss (Case vs Control) P Value

Bowditch et al. (21) 80 THA BMI > 30 vs +213 mL P = 0.003*
BMI < 30

Naziri et al. (22) 190 TKA BMI > 50 vs +121 mL P = 0.001*
BMI < 30

Gupta et al. (23) 119 TSA BMI > 35 vs +62 mL P = 0.050*
BMI < 35

Alberth et al. (24) 540 THA Blood Type O vs. Blood Types A, B, and AB  No significant difference, per author. ~ Unavailable

Prasad et al. (25) 66 TKA Sex: +61.2 mL P=0.139
Male vs. Female

Prasad et al. (25) 66 TKA RA vs OA +19 mL P=0.78

have increased intraoperative blood loss when compared to patients
with blood type O. No p-value was provided by the author. Sex was
considered by Prasad et al.>® in a prospective study of 66 TKA's. It was
found that the sex of the patient played no role in intraoperative blood
loss, with male patients losing an average of 265 mL and female pa-
tients losing an average of 203.8 mL intraoperatively (p = 0.139).
Prasad et al. also found that there was no significant difference in in-
traoperative blood loss between patients with RA compared to patients
with OA. RA patients had a mean intraoperative blood loss of 235 mL
while OA patients had a mean loss of 216 mL (p = 0.78).

Of note, a review article considering the risk of blood loss and
transfusion in TKA and THA was conducted by Sizer et al.>® While their
abstract suggests a key point that age, ASA grade over III, and a
Charlson Index greater than three are indicative of greater in-
traoperative blood loss, the articles they cite to support this*’ >° do not
differentiate intraoperative blood loss from total blood loss.

3.2. Mortality and microemboli

Although the safety of TSA's, THA's, and TKA's is well documented,
there continues to be a risk for intraoperative death. Bone cement im-
plantation syndrome (BCS) is a cause of this terrible outcome. Although
BGS is not well understood, according to Donaldson et al.>" the common
definition includes a variety of the following: hypoxia, hypotension,
cardiac arrhythmias, increased pulmonary vascular resistance, and
cardiac arrest. According to a retrospective analysis of 38,488 THA's by
Parvizi et al.,>” female elderly patients with an underlying cardiovas-
cular disease, fracture diagnosis (p < 0.05), and undergoing a

Table 3

cemented arthroplasty were most at risk for BCS (Table 3). “Elderly”
was not defined in the review, however the mean age of females in the
study population was 80.9 years. No additional p-values were included
in the study for these findings.

Most studies considering mortality focus on postoperative
deaths.>**™° This is expected, as Parvizi et al.>* found only 23 in-
traoperative deaths in his review sample. Moreover, another retro-
spective study by Dobbs et al.° found there were only three in-
traoperative deaths out of the 85 patients who died in their study
population of 37,304 patients. It is worth mentioning that this study
included both internal fixation and THA, with 31,086 patients under-
going the arthroplasty. The three intraoperative deaths are not dis-
criminated into internal fixation or THA groups, leading to the possi-
bility that the number of deaths related to THA may be lower.

When considering microemboli separately from intraoperative
deaths, one article sheds light on the subject. Patel et al.?” prospectively
studied 45 THA's. They found that neither age (p = 0.60) nor the pre-
sence of a PFO (p = 0.23) increased the likelihood of intraoperative
microemboli (Table 3).

3.3. Intraoperative changes in blood pressure: absolute hypotension and
hypertension

While many articles have studied the events of intraoperative ab-
solute hypotension and hypertension, only one has taken the time to
compare intraoperative blood pressure with a patient characteristic of
interest to this review (Table 3). This was a prospective study con-
ducted by Perka et al.>® that assessed 237 cementless TKA's. They found

Significance of certain patient characteristics for certain intraoperative complications in total arthroplasty. (+)'s represent the determination by a study author that
the risk factor considered significantly increases the risk of the intraoperative complication considered. (-)'s represent the determination by a study author that the
risk factor considered does not increase risk for the intraoperative complication considered. P-values are provided when available and significance is denoted by an

asterisk*. The significance level was p < 0.05.

Studies Comparing Intraoperative Complications with Patient Characteristics

Author Number of Arthroplasties (n) Type of Arthroplasty ~Outcome Considered Risk Factor Significa-nce P Value
Parvizi et al. (32) 38,488 THA Death Age (+) Unavail-able
Parvizi et al. (32) 38,488 THA Death Fracture Diagnosis (+) P < 0.05*
Parvizi et al. (32) 38,488 THA Death Sex (+) Unavail-able
Patel et al. (37) 45 THA Microemboli Incidence Age ) P = 0.60
Patel et al. (37) 45 THA Microemboli PFO O] P=0.23
Incidence
Perka et al. (38) 237 TKA Change in Intraoperative Blood BMI ) Unavail-able
Pressure
Saltzman et al. (39) 136 TSA All Intraoperative Complications Age ) P =0.071
Saltzman et al. (39) 136 TSA All Intraoperative Complications Sex ) P = 0.950
Saltzman et al. (39) 136 TSA All Intraoperative Complications Charlson's Comorbidity ) P =0.670

Index
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there was no statistically significant relationship between BMI and in-
traoperative blood pressure. No p-value was provided by the authors.

3.4. General intraoperative complications

Several studies measured the incidence of all complications com-
pared to patient characteristics of interest. However, only one of these
studies measured the incidence of intraoperative complications in this
regard (Table 3). In their comparative retrospective cohort study,
Saltzman et al.>* found that neither age (p = 0.071), sex (p = 0.950),
BMI (p = 0.670), or the Charlson's comorbidity Index (p = 0.601) were
predictive of any of the intraoperative complications recorded in their
sample of 136 TSA's. Intraoperative complications in this study were
defined as any event that deviated from the normal intraoperative
course.

4. Discussion

Intraoperative complications continue to result in increased costs
and suboptimal patient outcomes,>* including death.®? This review
found that blood loss was the only intraoperative complication ade-
quately compared to a patient characteristic. While there were studies
that compared other patient characteristics to other intraoperative
complications, these studies were few, and most times did not solely
focus on intraoperative complications. The studies reported in the re-
sults section offer few conclusive findings besides the need for more
research. Fortunately, this review highlights subjects of interest for
future studies concerning intraoperative complications and their risk
factors.

The most well-supported conclusion of this review was that patients
with a BMI > 30 had a statistically significant increase in intraoperative
blood loss.?’** Understanding the preventative measures that can be
taken to limit blood loss in these patients can result in better health
outcomes, especially given the secondary complications that include
the adverse effects of some blood transfusions.’” Examples of pre-
ventative measures include optimizing the use of tourniquets during
surgery or developing a formula that predicts the need for perioperative
Transexamic acid administration, both on the basis of BMI. Likewise,
these techniques to limit blood loss can be tailored to other patient
characteristics once their relationship with intraoperative blood loss is
more thoroughly understood.

This review found only one study that compared absolute in-
traoperative hypotension to a patient characteristic, which in the case
of Perka et al.'s®® study was BMI. Although they found no link, it is
important to explore the relationships of other patient characteristics,
such as CHF, with absolute hypotension during total arthroplasty.
Especially given that absolute hypotension may occur in bone cement
implantation syndrome. According to Dobbs et al. patients with serious
intraoperative hypotension had a higher chance of death in the hospital
as well as a protracted postoperative course.*®

When comparing TSA, TKA, and THA this review found that they
were all represented in considering BMI versus blood loss, however the
other intraoperative complications were studied by only one patient
population each. Intraoperative mortality, absolute hypotension, and
general complications were each only represented by THA, TKA, and
TSA patients respectively, highlighting the limitations of this review
article. Additionally, another limitation of this review arises from the
low number of articles retrieved, forcing this review to consider all
three major total arthroplasties. This introduced unnecessary variables,
making conclusions less reliable. Moreover, while it would have been
beneficial to the orthopaedics community for this review to evaluate
the effects of Transexamic acid, tourniquet times, surgeon laterality,
and a variety of other excluded items, these were not considered to be
patient characteristics, and would have diluted the conclusions written
here due to the addition of unnecessary complexity.

The following are a few suggestions to improve relevant future
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studies regarding the topic of this review. First, researchers should
differentiate complications temporally. For example, instead of only
reporting perioperative complications, researchers should differentiate
their complications into discrete categories of intraoperative, early
postoperative, 30 days postoperative, and so on. Second, researchers
should not only collect data on age, sex, BMI, and other relevant patient
characteristics, but make the effort to compare these to complications
in both the intraoperative and postoperative periods. Third, full re-
porting of data should be included in future studies to allow other re-
searchers the ability to conduct their own statistical analyses on im-
portant relationships. We believe applying these suggestions, as well as
targeting areas of interest outlined in this review, will lead to better
patient health outcomes and reduced costs.
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