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Abstract

Although reconstruction is often the primary choice of surgeons following an open tibial fracture,
there is no evidence to support the long-term effectiveness of flap reconstruction over below-knee
amputation. The aim of this study is to perform a decision analysis to evaluate treatment
preferences for type 1B and I1IC tibial fractures. Reconstructive microsurgeons, physical
medicine physicians and patients with lower extremity trauma completed a web-based standard
gamble utility survey to generate quality-adjusted life years (QALYS). Physicians assigned quite
high utility values, and there was a slight preference for reconstruction over amputation, with a
gain of only 0.55 QALY. Patients assigned significantly lower utility values and also favored
reconstruction over amputation, but with a larger gain of 5.54 QALYSs. The disparate utilities
assigned by physicians and patients highlight the necessity of realistic discussion of outcomes,
regardless of management methods.
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The management of open tibial fractures is complex. Tibial fractures are by far the most
common open fracture encountered by physicians; they represent nearly 80% of open
fractures.! The most severe tibial fractures are type I11B and 111C fractures. These are
fractures with exposed bone, extensive soft tissue loss, periosteal stripping and, in the case
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of 111C fracture, arterial damage.? These fractures can be managed by reconstruction or
amputation. The decision regarding which option to choose can be difficult for both
physicians and patients. Complicating this decision is the young age of many of the patients.
The mean age of open tibial fracture patients is 43 years;! these are patients who are still
active professionally, with a long remaining working lifespan, and often have
responsibilities for dependents. The functional and emotional implications of whichever
management option is selected can have long-lasting consequences.

In the past, when there were few reliable options for lower limb reconstruction, amputation
was the preferred choice because salvage attempts generally used skin grafting, which was
inadequate to cover exposed bone.3 This resulted in high rates of osteomyelitis and
secondary amputation.3 The advancement of microsurgical techniques allowed cooperative
efforts between orthopedic and plastic surgeons to reconstruct severe open fractures and
achieve predictable limb salvage.*> Most recently, wound care technology has further
increased surgeons’ ability to treat open tibial fractures.3

Unfortunately, innovative technology and increased expertise in salvaging severely injured
limbs have not substantially improved outcomes. Patients undergoing lower limb
reconstruction endured more complications and incurred higher initial care-related costs.5-8
In addition, the functional and quality of life outcomes for reconstructed patients are similar
to those who had primary amputation.9-11

Reconstruction is performed at a much higher rate than primary amputation, despite the lack
of evidence indicating better outcomes associated with reconstruction.? It is understandable
that both physicians and patients will want to salvage an injured limb. Suffering a serious
injury, like an open tibial facture, will have grave physical, emotional and financial
consequences, regardless of the treatment method used. The choice of treatment ideally
should be based on careful consideration of the available data, however, the overwhelming
desire to save the leg, coupled with having the technology to achieve this aim, can cloud the
decision-making process for both patients and surgeons.

Decision analysis is a powerful tool that can provide evidence when a randomized controlled
trial is not practical or ethically feasible. Assigning utilities to these outcomes allows for the
comparison and careful examination of complex situations that, otherwise, would be
difficult to research. The specific aim of this project is to evaluate the utilities that
reconstructive surgeons, physical medicine physicians and patients with type 111B or 111C
tibial fractures assign to reconstructive surgery and amputation following type I1I1B or I1IC
tibial fractures.

Study Sample

A random sample of physicians was selected from the 2007 membership in the American
Society for Reconstructive Microsurgery (ASRM). ASRM members were chosen because as
reconstructive surgery has become more an integral part of open fracture treatment, these
surgeons are gaining an intimate understanding of the outcomes following lower leg
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trauma.*> Members were numbered in alphabetical order and a random number generator
was used to select a sample of 200 surgeons. After sample selection, we discovered that one
prospective participant had died. We contacted a total of 199 surgeons to complete the
survey. Because we were unable to receive permission from any of the national Physical
Medicine and Rehabilitation societies, we sent survey invitations to all 38 faculty physicians
and house officers associated with the Department of Physical Medicine and Rehabilitation
(PM&R) at the University of Michigan Health System. Prospective participants were first
contacted with a letter explaining the project, their eligibility and how they could participate.
We included a $20 gasoline gift card as a token of appreciation. Letters were followed by
two reminder emails.

Patients were recruited as part of a qualitative study of the lower extremity trauma
experience. Forty-eight patients who had type I11B or I1IC fractures treated at the University
of Michigan between 1997 and 2007 were contacted via mail to explain the project and
provide information on how to participate. One reminder letter was sent. The survey was
self-administered by patients following an interview about their lower limb injury and
recovery. Patients were given $100 grocery gift cards for their time. This study was
approved by the University of Michigan Institutional Review Board.

Survey Design

A web-based anonymous survey was created using Zoomerang.com, an online service to
create and conduct surveys. The survey too approximately 15 minutes to complete and
included 8 standard gamble scenarios. This survey was constructed based on our prior
experiences with utility surveys!2:13 and was pilot tested multiple times to ensure
completeness and clarity of the survey items. The standard gamble method is based on von
Neumann and Morgenstern’s utility theory, which states that by asking a participant to
compare a variety of events each with varying levels of certainty, it is then possible to
mathematically rank those events in order of the participant’s preference.14 This allows
investigators to elicit preferences for complex issues that would normally be hard for
participants to compare.

In a standard gamble survey, the participant is offered a choice between living in a particular
health state (State A) with certainty or taking a gamble on treatment (Treatment B) which
provides a chance of complete cure, but is also associated with a risk of immediate
death.1415 The amount of risk involved with Treatment B is varied until participants feel
that State A and the risk of death associated with Treatment B are equal.1#15 For instance,
the risk involved with Treatment B may be 1% death (99% cure). The participant now must
balance the desire to avoid State A with the risk of death involved with Treatment B.
Clearly, the more undesirable State A is, the more risk a participant is willing to endure. But
if the participant feels that State A is not particularly objectionable, he/she may feel that any
more than a 1% risk of death is not worth it. In this case the participant would select, “Too
hard to choose between the two.” This point of indifference, in which State A and the risk of
death involved with Treatment B are the same to the participant, is used to determine the
utility for State A. In this example, the participant’s utility for State A is 0.99, or nearly the
same as perfect health (utility=1.0).
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On the other hand, if the participant feels strongly about avoiding State A, he/she may
choose to gamble on Treatment B. The next scenario would then offer an increased risk, say
5% death (95% cure). If the participant keeps choosing to gamble on Treatment B, the risk
of death will be increased until the indifference point is reached. The lower the risk of
complete cure when this point is reached, the lower the utility that will be assigned to State
A. Lower utility indicates that the participant feels that the health state in question is further
from perfect health, or closer to death (utility=0). The standard gamble technique is
particularly well-suited to objectively study the difficult treatment choices that are faced
with a type 111B or I1IC tibial fracture, because unlike other utility elicitation methods, the
uncertainty of the outcome is included in the scenarios.16

Our survey begins with brief explanation of the standard gamble concept. An animated
explanation with audio instructions is available to participants to ensure that the participant
has a complete understanding of the survey methodology (The video can be accessed at
http://www-personal.umich.edu/~dsaddawi/le_survey/explanation.html). The participants
are presented with a simple sample scenario in which they are asked to choose between
permanent blindness and death. A brief vignette instructs the participant to imagine that
he/she has become permanently blind, and that his/her physician has offered a magic pill
that could potentially cure the blindness. However, this magic pill carries with it a certain
risk of sudden, painless death. The participant can choose to take the pill, remain blind or
say that it is too difficult to choose between the two. The amount of risk (percent chance of
death) is altered until the participant can no longer choose between the two. This point is the
participant’s utility for permanent blindness.

Following the sample scenario, a brief explanation of type I11B and 111C tibial fractures is
presented, followed by the possible outcomes after this injury. Amputation without
complications and reconstruction without complications are explained along with the length
of initial hospital stay and time to full recovery. Possible complications of reconstruction
(osteomyelitis, nonunion, flap failure and secondary amputation) and amputation
(osteomyelitis and secondary revision) are presented and the effect of these complications
on the overall recovery process is explained. After reviewing potential complications,
participants are asked to select which complication they would least prefer, in other words,
their worst-case scenario.

Utilities are elicited for the least-preferred complication in the same manner as the sample
scenario, with the participant’s least-preferred complication in place of blindness. The
participant can either choose to take the magic pill and accept the risk of death, choose for
his/her least-preferred complication to occur with certainty or say that it is too difficult to
choose between the two. The risk of death is varied until the participant selects “Too hard to
choose between the two.” This point represents this participant’s utility for the least-
preferred state.

The utilities for the remaining 5 complication states, reconstruction without complications,
and amputation without complications are elicited in a similar fashion, using the
participant’s least-preferred complication state in the place of death. In other words, the
participant can either choose to take the magic pill and accept the risk of his/her least-
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preferred complication, choose for the presented scenario to occur with certainty or say that
it is too difficult to choose between the two. The point of indifference is used to calculate
that participant’s utility for each of the other outcome states. (Figure 1) Appendices A, B
and C give further example survey questions and responses.

Data Analysis

Results

Data were analyzed using SAS 9.1 (SAS Institute, Cary, NC) statistical analysis software.
Differences between the two recruitment groups were analyzed using non-parametric tests
(the Wilcoxon-Mann-Whitney test and the Wilcoxon signed-rank test) and the Fisher’s exact
test. Significance was set at p<0.05. A decision tree was created using TreeAge decision
analysis software (TreeAge Pro Excel, Version 2008; TreeAge Software, Inc.,
Williamstown, Mass). The two main branches of the tree were the two possible treatment
options for type I11B and IIC tibial fractures: reconstruction and amputation. The lesser
branches showed the major complications of each of these procedures. (Figure 2) In order to
keep the trees from becoming too unwieldy, two basic assumptions are introduced into
decision analysis methodology. First, all outcomes are mutually exclusive and a patient can
experience only one outcome. Secondly, each outcome has a definitive conclusion. For
example, a patient who undergoes reconstruction can experience nonunion. After the
nonunion is resolved, the patient will experience no other sequelae or additional
complications.

The use of quality-adjusted life years (QALYS) allows investigators to quantify not only the
length of remaining life, but the quality of remaining life as well.1” We used the standard
method for calculating QALYSs, which considers time spent recovering from complications
and the utility of those compilicaitons.18:19 (Figure 3) Complication times were calculated as
a percentage of a year. For example, flap failure requires approximately 3 weeks of
additional treatment. Therefore the complication time for flap failure is 3 weeks/52 weeks (1
year) = 0.058 years. Rates for each complication were provided by a systematic review of
the literature.11 The average age of open tibial fracture patients is 42.8 years.! Because this
injury occurs overwhelmingly in males (76%),! we used the National Vital Statistics
Expectation of Life to established 35 years as the remaining years of life for males between
age of 40 and 45.20

By nature, the calculation of QALYSs is inexact. Complication rates are only averages and
remaining healthy years are based on large populations and are only estimates. A sensitivity
analysis can be performed to vary the assumptions that are made in the model to assess the
effects of change in any of the variable values. Sensitivity analysis is necessary to determine
the robustness of the model.2! We varied the remaining healthy years to assess how well our
model holds up to large changes of this variable.

Survey Response Rate

Sixty-five physician comprised of 54 members of the American Society for Reconstructive
Microsurgery (ASRM) (27%) and 11 physicians associated with the University of Michigan
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Department of Physical Medicine and Rehabilitation (PM&R) (29%) completed the entire
survey. There was no statistical difference in the response rate between the two physician
groups. The generalizability of any survey rests upon the degree to which the survey sample
is representative of the entire population. It would be impossible to survey every member of
ASRM. Because our sample was randomly selected, it is likely that the respondents
represented the views of the population. Because of the anonymous nature of the survey we
were not able to assess nonresponder bias in this study. The survey sample of physical
medicine physicians is not ideal. However, we feel it is important to obtain the opinions of
this specialty group. Physical medicine physicians are involved with patients in a very
different way than surgeons by working with the patients’ to reintegrate them into society
after surgery.

Twenty patients (42%) completed qualitative interviews and 18 of those patients completed
the survey (90%).

Demographic Data

Physician demographic data are shown in Table 1. The sample was overwhelmingly male
(91%), however, the PM&R sample had significantly more female physicians (p=0.03). The
majority of the sample was plastic surgeons (68%); 68% of those sampled were affiliated
with an academic institution, although this is skewed by the PM&R sample in which 100%
of the sample had an academic affiliation. There was no significant differences in experience
between the two groups.

Patient demographic data are shown in Table 2. Like in other studies of high-energy lower
extremity trauma, our patient sample was largely male (78%).5:8° The majority of our
patients were treated with reconstruction, with 22% requiring secondary amputation. The
mean time since injury was 82 months (6.8 years).

Utility Survey

Physicians assigned quite high utility values to all states. Only reconstruction with
secondary amputation and amputation with osteomyelitis were given utilities below 0.96
(0.90 and 0.84, respectively). Unsurprisingly, the highest utility value was given to
reconstruction without complications (0.98). When examined separately, the utilities
assigned by ASRM members and PM&R physicians were virtually identical.

As is often the case,22 our patient population assigned lower utility to all conditions than did
physicians. Mean utility values with p-values are presented in Table 3. Although the values
were lower, patients also assigned the highest utility to reconstruction without complications
(0.83) and the lowest utility to amputation with osteomyelitis (0.58). There was no
relationship between the treatment patients received and utility assignment (p=0.63).

Decision Analytic Model

The decision tree shows that both physicians and patients find that reconstruction is
preferable to primary amputation. (Figure 4) However, for physicians reconstruction is
associated with a gain of only 0.55 QALY over amputation (33.93 vs. 33.38, p=0.67). For
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patients, reconstruction in associated a more substantial gain of 5.54 QALY (30.43 vs.
24.89, p=0.02).

Sensitivity Analysis
Sensitivity analyses were performed to assess the robustness of the model. In other words,
the number of remaining years and complication rates were changed by including the
extreme ranges of the estimates to gauge the effect on the outcomes. Increasing the number
of healthy years remaining from 10 to 60 leads to a linear increase in expected QALYSs. For
physicians, reconstruction continues to garner just slightly more QALY's than amputation.
(Figure 5) However, for patients, as the number of healthy years remaining increases, the
number of QALY gained by reconstruction over amputation increases. (Figure 6)

Discussion

Physicians treating severe tibia fractures assigned very similar QALY for the two treatment
options. However, patients who have experienced severe lower extremity trauma assigned
more disparate values, favoring reconstruction. This is despite the fact that patients
undergoing reconstruction can expect more operations and longer rehabilitation times, and
experience similarly poor functional outcomes to patients who have primary
amputation.”923 A multi-center long-term prospective study found that after 2 years, only
about half of the patients had returned to work and more than 40% had Sickness Impact
Profile (SIP) scores that indicated severe disability.® Seven years after injury, patients did
not fare any better. Only 58% of patients had returned to work and nearly 50% had SIP
scores indicating a severe disability.1924 Furthermore about half of patients said that they
felt “insecure in their social relations.””

There is a good deal of research examining the outcomes of severe lower extremity injuries.
Most notable is the Lower Extremity Assessment Project (LEAP), a multi-center prospective
observation of patient suffering from high-energy lower extremity trauma admitted to 8
Level | trauma centers.2> The LEAP study has amassed over 600 patients and has examined
functional outcomes, costs and quality of life with follow-up periods as long as to 7 years.
This study has contributed an unprecedented amount of information to the literature.2> But
despite this impressive body of knowledge, there is still no data to support a dominant
treatment strategy.

Decision analyses, like the one we have performed, can help to fill in the gaps that previous
outcomes studies have left open. Decision analysis provides a way to quantify preferences,
and when it is evaluated in conjunction with cost data, this analytic tool may provide
additional evidence for clinical decision-making. Decision analysis is ideal for severe tibial
fractures, because it combines all possible outcomes and their associated risks, and forces
the decision-maker to think more critically about the decision, rather than acting solely on
intuition.28 This is especially important with emotional decisions, like the potential loss of a
limb.

This study has several limitations. The assumptions inherent to the decision tree design
assume that patients experience only one complication and that complications are mutually
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exclusive. Furthermore, the decision tree also assumes that each complication occurs for a
defined period of time. With an injury as complex as type I11B and I1IC tibial fractures, it is
not unusual for patients to experience more than one complication, for example nonunion
followed by secondary amputation, with several additional operations in between. Because
these are flaws with all decision analyses, they do not hamper the validity of our model.

Our physician response rate was not as high as we would have hoped, despite the inclusion
of a timely incentive. There are several reasons this may have been the case. First,
physicians are a notoriously difficult population to survey, often leading to low response
rates.228 Secondly, although our survey was conducted online, we wanted to provide a
physical incentive to participants, thus our initial contact was done via postal mail. We
followed this postal communication with an email containing a link to the survey website.
Ideally, the email would arrive within a few days of receipt of the postal invitation.
However, due to the mail delivery systems at some large institutions, mail can be delayed,
meaning that some participants may have received the email before the incentive. This may
have led to confusion for some respondents.

The patient response rate was also low, but this was not unexpected. Several factors may
have contributed to this. First, patients were recruited to take the survey and participate in an
open-ended interview concurrently. Patients may have been reluctant to volunteer to discuss
their injury and recovery at length, and thus never had a chance to complete the survey.
Secondly, because open tibial fractures are injuries that are often treated at a Level | trauma
center, like our institution, many patients do not live nearby. Because the interviews were
conducted in person, patients may have not wanted to drive a significant distance to
participate in the study. Despite these low response rates, we are confident that our samples
are generalizable to larger populations. Our patient sample was similar to those gathered for
other studies®8.9 and because the base sample of ASRM members was randomly selected,
we have no reason to believe that surgeons who opted to participate would hold different
beliefs than those who did not.

This study demonstrates that reconstructive surgeons and physical medicine physicians
show a slight preference for the quality of life experienced after lower leg reconstruction
over amputation after a severe open fracture of the tibia. However, this increase is not
significant. This indicates that physicians tend to agree with the literature - there is no clear
evidence that one management method is considerably better than the other. Patients, on the
other hand, show a clear preference for reconstruction. This preference is something that
physicians should keep in mind when counseling these patients through the difficult
decision-making process.

None of the physician-rated complication states were associated with a loss of more than 4
QALYs. This may seem low, given that the injury can have such serious physical, emotional
and financial tolls. But in fact, this is much higher than the loss of QALY associated with
other fractures. For instance, vertebral fracture without complication is associated with a
loss of only 0.18 QALYs, while hip fracture is associated with a loss of only 0.16 QALYs.2°
Furthermore, we see these results as an indication that, although reconstructive surgeons and
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physical medicine physicians know the long-lasting effects of this injury, they also feel that
recovery of a near-normal life is possible.

Patients clearly feel differently. All of the patient-rated complication states represented a
loss of at least 6.21 QALYSs. Patients clearly believe that this injury has a significant impact
on their lives. Physicians assigned utilities of 0.97 and 0.95 to reconstruction without
complications and amputation without complications, respectively. This is nearing perfect
health. Patients assigned utilities of 0.83 and 0.67, respectively, far from perfect health. Of
course, it is understandable that physicians would not have an entirely accurate perception of
life after a type I11B or I1IC tibial fracture; they simply have not lived had to live with it.
Physicians must be careful not to convey this overestimation to their patients.

This study is only the beginning of an in-depth exploration of this vexing topic. We have
recently performed studies to both add cost information to our decision analysis3 and to
qualitatively examine the patient perspective. By combining the perspectives of both
physicians and patients with cost data, evidence may arise to better guide the treatment of
this devastating injury
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Equation for utility
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(Complication Time) x (Utility of Complication) + (Healthy Years — Complication Time) x (Utility of No Complications) = QALYs
Sample Calculation:

Complication: Amputation with Osteomyelitis

Complication Time = 9 weeks = 9/52 =0.17

Utility of Complication = 0.844

Healthy Years = 35

Utility of Amputation with no Complications = 0.954

0.17x 0844 + (35-0.17) x 0.954 =3337QALYs

Figure 3.
Equation for QALY's
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Type I1IB and HIC tibial fracture decision tree
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Figure6.
Sensitivity analysis on healthy remaining years of life using patient-rated utilities

Ann Plast Surg. Author manuscript; available in PMC 2015 April 02.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Chung et al.

Demographic Information

Table 1

Total (%) | ASRM (%) | PM&R (%)
n 65 54 11
Specialty
Plastic Surgery | 44 (68%) 44 (81%) -
Orthopedic Surgery 8 (12%) 8 (15%) -
Physical Medicine | 11 (17%) -- 11 (100%)
other 2 (3%) 2 (4%) -
Experience
1-9years | 25(38%) | 19(35%) | 6 (55%)
10-19 years | 21 (32%) | 19(35%) | 2 (18%)
20-29 years | 15(23%) | 13(24%) | 2 (18%)
30+years | 4 (6%) 3 (6%) 1 (9%)
Practice Type
Academic | 44 (68%) | 33(61%) | 11 (100%)
Solo practice | 10 (15%) 10 (19%) -
Single-specialty 8 (12%) 8 (15%) -
Multi-specialty 3 (5%) 3 (6%) -
Gender
Male | 59 (91%) | 52 (96%) | 7 (64%)
Female | 6 (9%) 2 (4%) 4 (36%)
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Patient Demographic Information

n| 18
Gender Distribution (M/F) 14/4
Mean age (range) 47 (23 - 68)
Injury information
Fracture type
1H-B | 12
1H-C | 6
Treatment type
Reconstruction | 13
Secondary Amputation | 4
Primary Amputation | 5
Injury Cause
Motor vehicle accident | 11
Crush injury | 3
Fall from height | 2
Pedestrian hit by vehicle | 2

Mean follow-up time (range)

82 months (28 — 144)
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Table 3
Mean utilities and QALY's

Scenario Physicians Patients

utility” | QALYs* | utility" | QALYs? | p-value
Reconstruction with no complications 0.98 34.12 0.83 30.79 <0.0001
Reconstruction with secondary amputation | 0.90 31.55 0.70 25.84 0.0004
Reconstruction with osteomyelitis 0.97 34.12 0.72 30.77 <0.0001
Reconstruction with nonunion 0.97 34.12 0.72 30.78 <0.0001
Reconstruction with flap failure 0.96 34.12 0.70 30.79 <0.0001
Amputation with no complications 0.97 33.39 0.67 24.89 <0.0001
Amputation with secondary revision 0.96 33.39 0.70 24.90 <0.0001
Amputation with osteomyelitis 0.84 33.37 0.58 24.88 <0.0001

*
1.0 is perfect health

#QALYs are based on 35 remaining healthy years
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