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INTRODUCTION
Economic evaluation research is a crucial element of 

cost-effective surgical decision-making and the minimiza-
tion of unnecessary healthcare spending.1 Although sev-
eral types of economic evaluation are commonly reported, 
a major advantage of using cost-utility analyses (CUA) is 
the assessment of health benefits in terms of patient health 

states rather than cost alone.1,2 CUAs incorporate quanti-
tative and qualitative metrics when comparing operative 
techniques or interventions with nonoperative manage-
ment. These analyses are particularly important in plastic 
and reconstructive surgery (PRS), as some of the most sig-
nificant improvements after interventions are related to 
increasing patient quality, rather than quantity, of life.3–5

The methodology for completing a CUA is complex. To 
identify if the health gains acquired by interventions are jus-
tified by associated costs, clinical outcomes are measured 
using quality-adjusted life years. Quality-adjusted life years 
measure disease burden in terms of survival and health-
related quality of life by assessing an individual’s prefer-
ence for living in a given health state.2,6,7 These preference 
weights are otherwise known as health state utility values 
(HSUVs) and are typically scaled from 0 (death) to 1 (ideal 
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health).8 Metrics to derive HSUVs vary and include direct 
and indirect survey instruments that can be administered 
to patients, the general public, and/or healthcare provid-
ers.8,9 Direct measures include standard gamble (SG), time 
trade off (TTO), and visual analog scale (VAS), with varia-
tion within measures based on study design. Depending 
on the instrument, individuals are asked to gamble on a 
hypothetical intervention that may cause perfect health or 
death (SG), trade part of future life for a period of shorter, 
perfect health (TTO), or rate a health state on a visual 
scale from 1 to 100 (VAS).10 Indirect measures, in contrast, 
obtain preference weights by using prespecified health 
state classification systems [ie, the Health Utility Index,11 
Short Form-6-Dimension (SF-6D),12 EuroQol 5-dimension 
questionnaire (EQ-5D),13 among others]. Quality-adjusted 
life years are then calculated by multiplying the life-years 
obtained from an intervention by its HSUV.14

In a systematic review of HSUVs in the surgical literature 
in 2004, only three studies within PRS were included.14 The 
importance of HSUVs in PRS cost analyses has been empha-
sized since that time1,15; however, widespread implementa-
tion has been slow.16 The purpose of this study was threefold: 
(1) To systematically review the PRS literature and evaluate 
the state of HSUV research, (2) to aggregate this data where 
appropriate into a useable database of HSUVs that can be 
referenced by investigators interested in performing CUAs, 
and (3) to critically appraise the quality of the included stud-
ies using a pre-established set of criteria.17

METHODS

Inclusion and Exclusion Criteria
The systematic review was conducted in accordance 

with the Preferred Reporting Items for a Systematic Review 
and Meta-Analysis checklist.18 (See figure, Supplemental 
Digital Content 1, which shows the Preferred Reporting 
Items for a Systematic Review and Meta-Analysis 2020 
checklist. http://links.lww.com/PRSGO/B849.) Articles 
were considered eligible for inclusion if they were full-text 
and reported original HSUVs for health states associated 
with PRS procedures. PRS was defined according to the 
American College of Surgeons as procedures involving 
the “repair, reconstruction, or replacement of physical 
defects of form or function involving the skin, musculo-
skeletal system, cranio and maxillofacial structures, hand, 
extremities, breast and trunk, and external genitalia.”19 
Abstracts alone, editorials, commentaries, and systematic 
reviews were excluded, as were economic analyses that did 
not utilize HSUVs or did not report derived HSUVs.

Search Strategy
A literature search was conducted on 1/19/2021 

within the MEDLINE, Embase, Cochrane, Web of Science, 
Scopus, and CINAHL electronic databases. Search strate-
gies were individualized to the databases as appropriate. 
Key search terms were derived and adapted from previ-
ously published recommendations17 as Medical Subject 
Headings (MeSH) terms do not cover all HSUVs. (See 
figure, Supplemental Digital Content 2, which shows 

the systematic review search strategies checklist. http://
links.lww.com/PRSGO/B850.) Titles and abstracts were 
screened by two reviewers (ANC and KK), and records 
were excluded if they did not meet inclusion criteria. 
The bibliographies of any systematic reviews on HSUVs 
were reviewed before exclusion, as well as all those of the 
included studies, to ensure that no relevant studies were 
missed. Any disagreements were resolved by the review-
ers. The full text of records not excluded at this stage 
were retrieved and further screened against our inclusion 
criteria.

Data Extraction
Characteristics of the included studies were extracted 

with predefined variables, which included year of publi-
cation, publication journal, study country, subspecialty, 
respondent sample size, and whether or not a CUA was 
performed. For each HSUV, the utility measures [SG, 
TTO, VAS, EQ-5D, Health Utility Index, SF-6D, 15D (15 
Dimension), QWB (Quality of Well Being Index), AQoL 
(Assessment of Quality of Life)], point estimate (mean), 
and measure of variance (SD/confidence interval/inter-
quartile range) were recorded. If multiple HSUVs were 
derived for the same health state, they were all collected.

Quality Reporting
The quality of each study was evaluated through crite-

ria proposed by Papaioannou et al.17 Each study was evalu-
ated for (1) sample size of 100 or more; (2) description 
of respondent selection/recruitment; (3) description of 
inclusion/exclusion criteria; (4) response rate of 60% or 
more; (5) reporting of the amount and reasons of loss to 
follow-up; (6) reporting of missing data and methods to 
deal with missing data; and (7) appropriateness of mea-
sure. The individual scores were summed for an overall 
score (0–7), with higher scores indicating higher quality.

Statistical Analysis
Standard descriptive statistics were used to report 

counts and frequencies of categorical data. Utility scores 
were pooled into a weighted average and variance based 
on sample size if scores existed for the same health state 
and were derived from the same utility metric. For ease 
of interpretation, the range of HSUVs derived for each 
health state was represented graphically.

Takeaways
Question: A systematic review of the literature to identify 
the extent and quality of existing original health state util-
ity value (HSUV) research within PRS.

Findings: The PRS HSUV literature is scant and hetero-
geneous. Fifty-six studies within seven PRS subspecialties 
derived 348 HSUVs for 194 disease states. Only 18 health 
states were able to be aggregated.

Meaning: Integrating utility and cost data will help illus-
trate that the impact of certain interventions is cost effec-
tive when we consider quality of life.

http://links.lww.com/PRSGO/B849
http://links.lww.com/PRSGO/B850
http://links.lww.com/PRSGO/B850
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RESULTS

Study Selection
The search strategy identified 1298 articles (Fig. 1). After 

removing duplicates, 1214 articles were scanned by title/
abstract, and 1110 articles were excluded for either hav-
ing the wrong patient population (not PRS), or the wrong 
outcomes (no original HSUVs). Seventy-one articles were 
retrieved and reviewed in full. An additional 15 records were 
excluded during the full-text review, leaving 56 studies.

The study characteristics are summarized in Table 1. 
Content included musculoskeletal (MSK)/abdominal wall 
reconstruction (n = 1, 1.79%),20 breast (n = 17, 30.4%),21–

37 skin/body contouring (n = 4, 7.14%),38–41 facial plas-
tics (n = 13, 23.2%),42–54 hand/upper extremity (n = 15, 
26.8%),55–69 pediatrics/craniofacial (n = 4, 7.14%),70–73 and 
lower extremity (n = 2, 3.57%).74,75 Direct measurements 
were most frequent (TTO: n = 32, 57.1%; VAS: n = 31, 
55.4%; SG: n = 26, 46.4%). Indirect methods were less 
common (n = 12, 21.4%); however, of these, the EQ-5D 
was used most frequently (n = 6, 50%). Twenty-eight of 
the studies used one measurement to derive HSUVs, and 
28 utilized more than one measurement, thus providing 
multiple HSUVs for a single health state.

Respondent populations included patients, general 
public, or healthcare professionals (see Table  1). Forty-
one studies surveyed one of these populations (73.2%), 
while 15 reported HSUVs from a combination of these 
groups (26.8%). When a combination of groups was uti-
lized, studies reported overall HSUVs as well as HSUVs for 

each population. Studies surveying the general public had 
the most respondents (n = 165, IQR 103–299), followed by 
patients (n = 61, IQR 48–79) and healthcare professionals 
(n = 42, IQR 10–109). The sample sizes varied widely from 
nine to 355 with a median of 101 respondents per study. 
Twenty studies included a CUA in addition to deriving 
original HSUVs.20,22,24,26,27,30–32,34,36,37,51,56,57,60,62,66,68,69,73

Quality Assessment
In all of the studies included, the utility metric was con-

sidered appropriate by the authors (100%), and 58.9% had 
a sample size greater than  100. Nearly all described how 
respondents were recruited (98.2%) and the inclusion/
exclusion criteria (94.6%). True response rates were diffi-
cult to ascertain in studies that surveyed the general public, 
as many sent electronic surveys or publicly advertised and 
therefore included whomever responded. An estimated 13 
studies clearly stated response rates greater than 60%.22–24,29–

32,51,55,56,60,61,64 Where appropriate, most longitudinal studies 
reported reasons or loss to follow up (n = 11 studies); how-
ever, few studies reported the extent of missing data and 
how it was handled (3.57%). The summed scores are found 
in Table 1, and the individual scores in Supplemental Digital 
Content 3. (See figure, Supplemental Digital Content 3, 
which shows individual and summed quality assessment cri-
teria. http://links.lww.com/PRSGO/B851.)

HSUVs
A total of 348 original HSUVs for 194 health states were 

retrieved from the 56 studies included in this analysis. 

Fig. 1. Preferred Reporting items for a Systematic Review and Meta-analysis flow diagram.

http://links.lww.com/PRSGO/B851
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Individual HSUVs were organized by subspecialty. HSUVs 
along with the corresponding utility metric, respondent 
sample size, mean respondent age, and variance, can be 
found in Supplemental Digital Content 4. (See figure, 
Supplemental Digital Content 4, which shows a database 
of original and aggregated health state utility values by 
plastic and reconstructive surgery subspecialty. http://
links.lww.com/PRSGO/B852.)

Twenty-three studies (41.1%) reported preintervention 
and postintervention HSUVs,20,22,24,27,29,31,44,45,48–54,57,58,61,63,67–

69,73 and 15 (26.8%)20,26,27,30,32,34,36,37,57,62,63,66,68,69,74 reported 
HSUVs associated with procedure-related complications. 
Three studies (5.3%) looked at HSVUs after aesthetic 
procedures, including nasal deformity and cosmetic rhi-
noplasty,46 hair loss and hair transplant,53 and thigh lifts.39 
HSUVs were most commonly derived in the breast liter-
ature, with the most common disease state being breast 
hypertrophy with or without reduction mammoplasty (n 
= 7 studies).21–24,29,31,35 In the studies that derived HSUVs 
for breast reconstruction, the respondent populations 
were healthcare professionals only (plastic surgeons, n = 
9–33), and all included a CUA.26,27,30,32,34,36,37 Utilities for 
hand disease states and related hand surgery procedures 
were the next most common, and CUAs were performed 
in seven of 15 studies.56,57,60,62,66,68,69 MSK/abdominal wall 
reconstruction, skin/body contouring, pediatrics/cranio-
facial, and lower extremity had the least number of stud-
ies deriving HSUVs, and only two studies from these four 
specialties included CUAs.20,73 The ranges of HSUVs for 
preintervention and postintervention disease states are 
represented in Figure 2.

Only 18 disease states had multiple HSUVs derived 
from the same utility metric that were eligible for aggrega-
tion. Tetraplegia had the lowest aggregated HSUV (0.47 ± 
0.3), whereas patients 1-year after functional septoplasty/
septohinoplasty had the highest aggregated HSUV (0.92 ± 
0.14). (See Supplemental Digital Content 4, http://links.
lww.com/PRSGO/B852.)

DISCUSSION
This is the first systematic review to examine the preva-

lence and quality of original HSUV literature in PRS. Our 
results demonstrate that there has been a small and steady 
increase in the number of publications per year dedicated 
to utility score outcomes (Fig.  3). Unfortunately, recent 
literature has found that CUAs, despite their robust and 
comprehensive methodology, remain the least frequently 
reported type of economic evaluation.76 This houses an 
immense opportunity for the PRS community. As many 
of the conditions we treat are measured by subjective 
endpoints, and very few are life-limiting or life-threat-
ening, there can be a false sense of “less importance” by 
healthcare policy drivers and insurance agencies. In turn, 
this limits coverage, funding, and increases patient wait 
times for surgery,77 particularly in countries with social-
ized medicine, like Canada and the United Kingdom, 
where resource allocation is dictated by a single-payer, 
government-run healthcare system. Characterizing the 
health-burden associated with PRS disease states, and 
the magnitude of improvement following intervention, 

may therefore have the ability to affect the distribution 
of health care resources. Moreover, quantifying and 
understanding the results of these health states may help 
individual clinicians guide medical and surgical decision-
making and aid in patient counseling.

It is postulated that the lack of original HSUV data 
in the literature is partly due to the fact that direct mea-
surement of HSUVs can be complex and costly.78 We 
hypothesized that pooling existing HSUVs would enable 
us to create a resource database that would facilitate the 
comparison of various pre and postoperative PRS disease 
states. What we found, however, was a high degree of het-
erogeneity in the description of health states tested, the 
utility metric used, and the respondent populations. We 
felt that grouping a majority of the HSUVs was therefore 
inappropriate.79 Although we were unable to aggregate 
all the scores as initially planned, the compilation of col-
lected data still allowed us to create and critically analyze a 
database of HSUVs. From this, we present several conclu-
sions regarding the state of current PRS HSUV literature 
and highlight several points that may help the individual 
reader interested in conducting HSUV and CUA research.

Utility Measures
It has been previously demonstrated that utilizing dif-

ferent measures to derive HSUVs may yield conflicting 
results.80,81 Specifically, the use of VAS over SG or TTO and 
indirect over direct methods, have resulted in lower util-
ity values for a range of disease states.78,80 These findings 
were corroborated here. In three separate studies that 
derived HSUVs using VAS, TTO, and SG for patients with 
moderate facial paralysis, aggregated VAS scores were on 
average lower (0.65 ± 0.2) than TTO (0.81 ± 0.22) or SG 
(0.82 ± 0.2). The same was true for patients with severe 
facial paralysis [VAS (0.52 ± 0.21), TTO (0.72 ± 0.27), 
SG (0.76 ± 0.24)]. These discrepancies were also noted 
in postoperative health states. Faris et al compared direct 
measurements for 298 patients undergoing facial re-ani-
mation, and reported VAS scores of 0.74 ± 0.19, but TTO 
and SG scores of 0.84 ± 0.19 and 0.84 ± 0.21, respectively.52 
Similarly, Izadpanah et al found that HSUVs for patients 
after thigh lift procedures were 0.77 ± 0.15 if patients com-
pleted VAS, but 0.9 ± 0.11 and 0.89 ± 0.14 if they com-
pleted TTO or SG.39 This is important as the potential 
incremental gains for an intervention are dependent on 
baseline values, and a difference of even 0.1 may alter the 
results of a CUA to favor one intervention or another. The 
variability and discrepancies between methods may there-
fore preclude the use of a single method to analyze cost-
effectiveness of an intervention.81,82 Larger repositories of 
utility values are needed for comparative and value analy-
ses. For those interested in conducted HSUV research, uti-
lizing and aggregating multiple methods to derive HSUVs 
should be considered, as this may provide a more accurate 
HSUV for inclusion in a CUA.

Respondents
According to the first Panel on Cost-Effectiveness in 

Health and Medicine, the use of “societal perspective” 
best facilitated the goals of making comparisons across 

http://links.lww.com/PRSGO/B852
http://links.lww.com/PRSGO/B852
http://links.lww.com/PRSGO/B852
http://links.lww.com/PRSGO/B852
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interventions and patient groups, and recommended the 
use of the general public as respondents when possible.83 
In the second panel, the authors recommend both soci-
etal and healthcare sector perspectives be reported.84 The 
healthcare sector is utilized based on the rationale that 
individuals can personally or professionally relate to the 
disease state in question. However, research has noted that 
patients who have adapted to their chronic health state 
may experience a better health-related quality of life than 

perceived by others leading to higher HSUVs.85 No clear 
trends in reported HSUVs by respondent populations 
were elicited in this review. Importantly, none of the stud-
ies that included CUAs in this review utilized societal and 
healthcare perspectives. Admittedly, choice of respondent 
population may be dictated by resource availability, as uti-
lizing physicians and medical students may be the most 
time-efficient and cost-effective, however readers who 
seek to conduct HSUV and CUA research should aspire 

Fig. 2. Range of baseline and postintervention HSUVs.
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to adhere to the panel’s recommendation for including 
these populations, as it may improve the quality of future 
research. Further, studies that survey multiple respondent 
populations should report separate HSUVs for each popu-
lation to increase transparency of the results.

Cost Analyses
In two systematic reviews of economic evaluations in 

PRS conducted in 2014 and 2021, six and 10 CUAs were 
reported in the literature.16 Our review identified 20 CUAs; 
however, readers should be aware that the true incidence 
of CUAs in the PRS literature may be underestimated in 
this and other works as the lack of medical subject heading 
(MeSH) terms makes it difficult to systematically review 
this literature. Two additional important studies warrant 
mentioning. In 2013 and 2014, Thoma et al published the 
first randomized control trial in parallel to a CUA, and 
found variations in economic value of two mammaplasty 
techniques depending on the perspective used (societal/
patient versus ministry of health).86,87 These results were 
particularly important in elucidating why utility mea-
surement is so important in PRS while additionally high-
lighting that using a clinical trial alongside an economic 
evaluation is more transparent and intuitive to clinicians. 
Researchers are encouraged to report their derived 
HSUVs and include cost analyses, as describing and inte-
grating these will help streamline future utilities research 
and demonstrate if interventions are cost-effective.

Limitations
A limitation of this study, and of all studies that attempt 

to systematically review utility research, is the lack of MeSH 
terms for common HSUVs. We utilized Papaionannou et 

al’s guide for systematically reviewing the HSUV litera-
ture17 and cross-referenced to collect an unbiased and 
inclusive selection of studies, but acknowledge that lit-
erature may have been missed in our search. Established 
MeSH terms would facilitate and improve the accuracy of 
similar reviews in the future. Further, details on the extent 
of missing data and how this missing data was accounted 
for when deriving utility measures were not commonly 
reported amongst these studies. This must be considered 
in interpreting the included results, and the statistical 
validity of future work would be substantiated by the inclu-
sion of this information. Two additional quality metrics, 
loss to follow up and response rate, were difficult to assess 
in many of the included studies, making our summed 
quality analysis challenging to interpret. Losing respon-
dents to follow-up was not relevant to studies that were 
cross-sectional in nature, and true response rate was not 
able to be calculated in studies that recruited members 
voluntarily based on advertisements. The heterogeneity of 
study type therefore negatively influenced our ability to 
make conclusions regarding the quality of the study group 
as a whole. Studies utilizing patient populations in a lon-
gitudinal manner should continue to report response rate 
and follow up metrics as this information increases the 
transparency of the work.

CONCLUSIONS
This systematic review has identified gaps in the current 

HSUV literature as well as the need for standardization 
of methodologic tools and characteristics of respondent 
populations to limit variation and increase the general-
izability and validity of utility scores. The importance of 
continuing to conduct and refine HSUV research in the 

Fig. 3. the number of publications with original HSUVs per publication year.
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PRS community cannot be understated, as HSUVs are 
objective means to demonstrate that PRS procedures are 
impactful.1 Integrating these values with cost data will help 
illustrate that the certain interventions are cost-effective 
when we consider health-related quality of life.

John P. Fischer, MD, MPH
Division of Plastic Surgery, Department of Surgery

University of Pennsylvania Health System
Penn Presbyterian Hospital

51 North 39th Street
Wright Saunders Building

Philadelphia, PA 19104
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