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Abstract

AIM: To investigate inpatient length of stay (LOS),
complication rates, and readmission rates for sacral
fracture patients based on operative approach.

METHODS: All patients who presented to a large tertiary
care center with isolated sacral fractures in an 11-year
period were included in a retrospective chart review.
Operative approach (open reduction internal fixation
vs percutaneous) was noted, as well as age, gender,
race, and American Society of Anesthesiologists’ score.
Complications included infection, nonunion and malunion,
deep venous thrombosis, and hardware problems; 90-d
readmissions were broken down into infection, surgical
revision of the sacral fracture, and medical complications.
LOS was collected for the initial admission and readmission
visits if applicable. Fisher’s exact and non-parametric ¢-tests
(Mann-Whitney U tests) were employed to compare
LOS, complications, and readmissions between open and
percutaneous approaches.

RESULTS: Ninety-four patients with isolated sacral
fractures were identified: 31 (30.4%) who underwent
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open reduction and internal fixation (ORIF) vs 63
(67.0%) who underwent percutaneous fixation. There
was a significant difference in LOS based on oper-
ative approach: 9.1 d for ORIF patients vs 6.1 d for
percutaneous patients (P = 0.043), amounting to a
difference in cost of $13590. Ten patients in the study
developed complications, with no significant difference in
complication rates or reasons for complications between
the two groups (19.4% for ORIF patients vs 6.3% for
percutaneous patients). Eight patients were readmitted,
with no significant difference in readmission rates or
reasons for readmission between the two groups (9.5%
percutaneous vs 6.5% ORIF).

CONCLUSION: There is a significant difference in LOS
based on operative approach for sacral fracture patients.
Given similar complications and readmission rates, we
recommend a percutaneous approach.

Key words: Sacral fractures; Open reduction and internal
fixation; Percutaneous complications; Readmissions;
Length of stay

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Few studies in orthopaedics have investigated
complication rates, readmission rates, and length of
stay differences with respect to surgical approach for
patients with sacral fractures. Investigating these issues
in an era of rising healthcare costs will help determine
cost-effective care. We reviewed patients presenting
with isolated sacral fractures at a large, level- I trauma
center, and found those treated with open reduction
internal fixation stayed nearly 3 d longer compared to
patients treated with percutaneous approaches. With
similar complication and readmission rates between the
two groups, we recommend a percutaneous approach
to help lower total hospital costs for more value-based
practice.
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INTRODUCTION

Forty-five percent of all pelvic fractures include sacral
involvement™?. These fractures often occur in the
secondary to high-energy mechanisms, with motor
vehicle accidents causing up to 57% of these injuries®.
Traumatic force may also lead to nearby neurovascular
compression, which can precipitate adverse neurological
events®. For these reasons, sacral fractures are
musculoskeletal injuries requiring emergent action at
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trauma centers to reduce the risk of complications.

While open reduction and internal fixation (ORIF)
methods allow for broad visualization of the sacrum
and surrounding structures, highly variable wound
complication rates range from 3.9% to 27% of study
populations™, ORIF specifically has been linked to high
rates of infection, which can complicate 18% to 27% of
sacral fractures treated early and late, respectively™.
Given these high complication rates, it is therefore
reasonable to consider a more minimally invasive
technique such as percutaneous fixation to stabilize the
sacrum™®, Percutaneous fixation with iliosacral screws,
for example, have led to decreases in overall operative
time and soft-tissue disruption, thereby providing
avenues to prevent complications!”.

With the recent focus on healthcare cuts due to
escalating costs in the United States, it is important to
investigate postoperative length of stay (LOS), 90-d
readmissions, and complication rates with respect to
operative approach for sacral fracture patients. Although
sacral fractures constitute a large component of pelvic
fractures, little data exists exploring these issues with
the most available knowledge regarding stress fractures
secondary to osteoporosis'. This study therefore
seeks to explore differences in LOS, complications,
and readmissions based on operative technique to
determine the most value-based approach in treating
this patient cohort.

MATERIALS AND METHODS

After obtaining approval from our institutional review
board, we identified all patients who sustained operative
sacral fractures at a major academic level | trauma
center from January 1, 2000 to December 31, 2011
through a Current Procedural Terminology code search
(Supplementary Table 1). Two hundred and fifty patients
were identified, and 102 of those patients were found to
have isolated sacral injuries without other concomitant
orthopaedic or medical injuries. Ninety-four patients were
identified out of these 102 for analysis with isolated sacral
fractures fitting the criteria for the operative approach
(ORIF vs percutaneous).

Data extrapolated from patient chart review incl-
uded demographics such as age, gender, and race;
verification of operative approach (percutaneous vs
open), American Society of Anesthesiologists’ (ASA)
classification, complication rates, and readmission
rates. Complications included infection, nonunion and
malunion, deep venous thrombosis, and hardware
problems. Ninety-day readmissions were broken
down into three different categories: infection, surgical
revision of the fracture, and medical complications such
as urinary tract infections, pneumonia, hypotension,
and anemia among others.

The LOS in days was collected for the initial
admission and for 90-d readmissions if any existed.
Additional data concerning the days from discharge
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Table 1 Demographic characteristics of patients

ORIF (7 = 31) Percutaneous (7 = 63) Total

Average age (yr) 44 37.1 39.3
Gender (n)
Male 19 22 41
Female 12 41 58
Average BMI (kg/m?) 26.1 24.8 255

ORIF: Open reduction and internal fixation; BMI: Body mass index.
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Figure 1 Differences in inpatient costs based on operative approach.
ORIF: Open reduction and internal fixation; LOS: Length of stay.

to readmission were also collected for each patient,
including the number of emergency room visits and clinic
visits before a patient was admitted or readmitted to the
hospital. The average cost per inpatient day ($4530/d)
as well as all costs associated with anesthesia, surgery,
and ancillary support (i.e., postoperative lab tests,
radiography, consults, etc.) was obtained from the
institution’s patient financial services department.

Fisher’'s exact, student’s t-tests (for parametric
variables such as LOS), and Mann-Whitney U tests
(for non-parametric variables such as number of clinic
visits) were employed to compare patients undergoing
ORIF to those undergoing percutaneous fixation to note
differences in hospital LOS and subsequent inpatient
costs, complication rates, and readmission rates.

RESULTS

Ninety-four patients with isolated sacral injuries were
identified for analysis: 31 patients (30.4%) underwent
ORIF vs 63 patients (67.0%) who underwent
percutaneous fixation (Table 1). The average age of all
patients was 39.3 years, with ORIF patients older than
percutaneous patients. There were 53 females and 41
males included in the study, with more men in the ORIF
group and more women in the percutaneous group.
The average BMI of all patients was 25.5. There were
no significant differences in any baseline demographic
between the ORIF and percutaneous groups. The
majority of patients (51.1%) had an ASA score of 2,
with similar distributions of ASA scores between the
ORIF and percutaneous groups.

Table 2 lists hospital LOS, inpatient costs, and
average number of emergency room and clinic visits
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Figure 2 Differences in complication and readmission rates based on
operative approach. ORIF: Open reduction and internal fixation.

based on operative approach. The mean LOS in the
hospital for all patients was 7.1 d, with ORIF patients
staying significantly longer (9.1 d) than percutaneous
patients (6.1 d) (P = 0.043). There was no significant
difference in the amount of time from admission to
surgery for both groups, but ORIF patients stayed
significantly longer after surgery (6.6 d) compared to
percutaneous patients (4.6 d, P = 0.045). Using an
average cost of $4530/d, this corresponds to average
inpatient costs of $45300 for ORIF patients and $31710
for percutaneous patients - a difference of $13590 (Figure
1). Furthermore, when breaking down total costs for
the patients based on operative approach, anesthesia
costs were on average $1769 more for ORIF patients
compared to percutaneous patients (P = 0.001), and
surgical costs were on average $4401 more for ORIF
patients (P < 0.001). Ancillary costs were statistically
similar between the groups.

ORIF patients and percutaneous patients had similar
numbers of ER and clinic visits before initial hospita-
lization. Readmissions were rare, with ORIF patients
spending an average of 13.5 d between discharge and
readmission compared to 16.5 d for percutaneous
patients. There were similar numbers of ER and clinic
visits occurring in this period for the two groups. The
average LOS (about 5.6 d) for readmissions was similar
for the two groups (P = 0.954).

Table 3 lists the reasons for complications and
readmissions for the two surgical groups. Overall,
10 (10.6%) patients developed complications. While
there was a difference in complications between the
two groups as shown in Figure 2 (19.4% for ORIF
vs 6.3% for percutaneous), this was not statistically
significant. The distributions of the complications were
similar for the ORIF and percutaneous groups (Figure
3). Similarly, 8 (8.5%) patients had readmissions within
90-d, with a difference in readmission rates based on
operative approach (9.5% for percutaneous vs 6.5%
for ORIF) that did not reach statistical significance. The
distributions of readmissions was also similar between
the two groups (Figure 4). When comparing those who
sustained complications to those who did not in the ORIF
and percutaneous groups, there were no significant
differences with respect to age or BMI.
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Table 2 Hospital length of stay, costs, and emergency room and clinic visits based on operative approach

ORIF (7 = 31) Percutaneous (7 = 63) P value
Initial hospitalization
Average LOS (d) 9.1 6.1 0.043
Average time (admission-surgery) 24 15 0.062
Average time (surgery-discharge) 6.6 4.6 0.045
Average LOS costs $45300 $31710 0.043
Average anesthesia costs $4265 $2496 0.001
Average surgical costs $13490 $9089 <0.001
Average ancillary costs $27811 $18476 0.239
Average clinic visits 41 3.5 0.123
Average ER visits 11 1.0 0.465
Readmissions
Average LOS (d) 55 57 0.954
Average days to readmission 135 16.5 0.552
Average ER visits 0.0 0.5 0.267
Average clinic visits 5.0 3.5 0.323
LOS: Length of stay.
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Figure 3 Reasons for complications based on operative approach. ORIF: Open reduction and internal fixation; DVT: Deep venous thrombosis.

Table 3 Differences in complications and readmissions based

on operative approach

ORIF (7 = 31) Percutaneous (7 = 63) P value

Complications

Infection 1(3.2) 1(1.6)

Nonunion 1(3.2) 1(1.6)

Hardware failure 2 (6.4) 2(3.2)

DVT 2 (6.4) 0 (0)

Total 6 (19.4) 4(6.3) 0.062
Readmission

Infection 0(0) 1(1.6)

Surgical 2 (6.4) 1(1.6)

Medical 0(0) 4(6.3)

Total 2 (6.4) 6(9.5) 0.473

ORIF: Open reduction and internal fixation; DVT: Deep venous
thrombosis.

DISCUSSION

LOS during initial hospital admissions has been shown to
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affect readmission rates, thereby affecting overall quality
of care delivered to patients’. Based on our study, we
have demonstrated a significant difference in the LOS
in patients undergoing ORIF vs percutaneous fixation of
sacral injuries, with ORIF patients on average staying 3
d longer in the hospital. This amounts to, on average,
a difference in LOS costs of close to $14000 for ORIF
patients.

The average LOS we obtained for all patients (7.05
d) is within range of similar studies in Level I trauma
centers. Vallier et al'™” calculated a LOS of 9.2 d for
patients undergoing operative fixation of pelvic and
acetabular fractures; in comparison, Dechert et a/
found an average LOS of 11.5 + 14.1 d in patients
under 65 years of age with pelvic trauma™® ", With
regards to operative approach, our difference in LOS of
3 d is similar to other orthopaedic studies which show
minimally invasive surgical techniques decrease LOS
compared to open approaches. For example, decreases
up to 3.8 d in LOS due to minimally invasive techniques
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Figure 4 Reasons for readmission based on operative approach. ORIF: Open reduction and internal fixation.

have been demonstrated in sacroiliac joint fusionst***,
Similar decreases in LOS up to 3.2 d have been shown
for patients undergoing minimally invasive lumbar
fusions compared to open approaches'**®, Finally, open
dynamic hip screw (DHS) fixation of the femur increases
LOS by 4.5 d compared to a minimally invasive DHS™".

LOS is particularly important as it can also have
consequences with respect to rehabilitation''®. It is also
a reliable tool for cost analysis of facility charges. For
example, the cost of inpatient rooms are included in total
facility charges, which are on average almost 4 times
greater than orthopaedic professional charges!*®. An
important factor affecting LOS with regard to operative
approach reflects how orthopaedic surgeons may
postpone surgical fixation. For example, open surgical
approaches are often delayed for days for patients with
pelvic ring fractures to prevent disruption of tamponade
and dlot formation”). Although percutaneous approaches
for sacral fractures may also occur days after admission,
with one study finding a delay of 4.2 d prior to fixation,
definitive fixation may occur much sooner after admi-
ssion®, Given a decreased delay to fixation coupled
with fewer bleeding episodes and other complications,
a percutaneous approach for sacral fractures may be a
more time-effective procedure leading to savings in LOS
costs.

Our study further demonstrated surprisingly high
overall readmission (8.5%) and complication (10.6%)
rates. Although there were trends toward higher rates
of readmissions (9.5%) in the percutaneous group and
complications (19.4%) in the ORIF group, these did not
reach statistical significance. Nevertheless, our overall
complication rate (10.6%) falls within the range of
pelvic and acetabular complications reported by Vallier
et al™® study, which found a 12% (58/465 patients
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with 95 complications) rate of post-operative adverse
events.

When comparing complication rates for the two
approaches, ORIF treatment outcomes differ across
various fracture types. For example, reconstruction plate
internal fixation of type C unstable sacral fractures can
have a 12.5% infection rate and 15.6% complication
rate secondary to urological problems™!l. Conversely,
Hsu et ai** found a low complication rate (1/19 patients)
when following-up two post-operatively a patient
cohort with displaced sacral fractures treated with open
reductions and internal. Other studies showed 2.8%
infections in internal fixation'*!. Based on our results for
ORIF patients, hardware failure and infection are the
top two causes of complications, similar to published
results™**, In comparison, percutaneous screw fixation
complications can result from poor visualization of
relevant anatomy, incomplete fluoroscopy, unexpected
anatomic variations, and malreduction™. Most common
complications, based on our results, include implant
failure and infection. Routt et al*” described fixation
failure in 4.5% of patients using a percutaneous iliosacral
screw technique, which is close to our 3.17% hardware
failure in patients treated percutaneously. Avoidance of
deep tissue exposure to the environment in percutaneous
approaches is one main reason that is postulated to
result in theoretically fewer complications with this
approach compared to open techniques™, although this
was not seen in our results. Nevertheless, our results
suggest that the percutaneous approach may be just as
safe as ORIF in preventing surgical complications. This
early data may serve in the future as a quantitative factor
for the surgical team to plan and decide whether an open
or percutaneous approach is the most efficient manner
to approach a fracture. Given that a percutaneous
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approach is less invasive and faster, allowing for less
pain and early post-operative mobilization, our data may
implicate that a percutaneous approach is a better “value”
approach given shorter LOS and ultimately lower hospital
costs. Our results have even demonstrated lower costs
associated with anesthesia and surgery for percutaneous
patients, highlighting the added value of a percutaneous
approach.

Limitations of our study include the retrospective
nature of our methodology, which could not account
if surgeons may be driven to favor a certain operative
approach for specific patient populations. Although
the ASA classification was taken into account as a
risk-stratifying mechanism, many patient risk factors
were not accounted for during data collection. For
example, patients referred to our tertiary care center
could be held at other centers prior to transportation.
Some research suggests a delay to ORIF that may be
upwards of 7 d due to delays in transfer’®®. In some
cases, ORIF is actually preferred after 7 d because
soft-tissue fibrosis may prevent a successful approach
with percutaneous fixation”). The longer nature of
the ORIF approach may therefore confound LOS
when compared to the immediacy of a percutaneous
approach, with inherent differential risk stratification
for the two approaches. In our study, there was no
difference in time to surgery once patients were
admitted, but ORIF patients did stay significantly longer
after surgery, perhaps highlighting more extensive
recovery following an open approach. Furthermore, our
study only involved patients treated at a single, level-
I tertiary care trauma center. These patients may not
be representative of the general population, with some
bias in the severity of traumatic fractures that may
bias our results. High-volume centers like ours often
have patients with more medical comorbidities, which
factor into LOS calculations due to more hospital days
necessary to address these other medical concerns®”.
In our cost analyses, we used a fixed-cost calculation
based on total inpatient duration. In this analysis, the
use of fluoroscopy or electromyographic monitoring in
percutaneous operations was not specifically studied.
Yet, the use of these technologies has been shown to
impact both safety and cost®®®®!, In addition, hospital
legal procedures, insurance status, and the variations
in surgeon-specific complication and readmission rates
may affect discharge planning, LOS, and ultimately total
cost.

The results presented in this study suggest an
avenue for quality improvement for patients presenting
with sacral fractures. Many health systems have tried
to improve patient satisfaction, LOS, complication rates
with better discharge planning and education®®*", Our
study is the first of its kind to demonstrate a significant
difference in LOS between ORIF vs percutaneous
fixation of sacral injuries, with an average difference
of $13590 based on difference in LOS. With similar
complication and 90-d readmission rates compared to
ORIF, we recommend a percutaneous approach when
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possible. Our results will provide orthopaedic surgeons
with some predictive information as a risk stratification
tool to potentially reduce postoperative costs related to
sacral fractures.
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Background

In an era with rising healthcare costs, avenues to reduce expenses must be
explored including costs associated with length of stay (LOS), complications,
and readmissions. Despite sacral fractures constituting a majority of all pelvic
trauma, relatively little data exists exploring differences in these areas based
on operative approach. The aim of this study is to investigate inpatient LOS,
complication rates, and readmission rates for sacral fracture patients based
on surgical technique to determine the most cost-effective approach in treating
these patients.

Research frontiers
No study to date has investigated LOS, complication, and readmission
differences for patients sustaining sacral fracture based on operative approach.

Innovations and breakthroughs

The authors’ study is the first of its kind to show a significant difference in LOS
for open reduction and internal fixation (ORIF) vs percutaneous patients, with
ORIF patients on average staying 3 more days in the hospital amounting to a
cost of approximately $14000 more when compared to percutaneous patients.

Applications

Given similar rates of complications and readmissions, yet an overall decreased
LOS and subsequent hospital-related costs when compared percutaneous
patients to ORIF patients, patients with sacral fractures should be treated with
a percutaneous approach. Percutaneous approaches are common techniques
now for most major orthopaedic fractures and can be implemented in any major
hospital system, providing an avenue for benchmarking quality based on costs.

Terminology

Open reduction internal fixation is a surgical approach used by orthopaedic
surgeons in which a fracture is placed in normal, anatomic position with the
aid of implants, often necessitating a large incision. Percutaneous fixation is
another surgical approach used by orthopaedic surgeons where a fracture
is placed in a normal, anatomic position with pins or other stabilizing devices
through the use of X-rays, thereby avoiding the need for large incisions.

Peer-review
The authors have performed a good study, the manuscript is interesting.
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