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The management of the infected vascular groin 
graft is a challenging problem for plastic and 
vascular surgeons. A common surgical treatment 

involves transposing the sartorius flap and covering the 
vascular conduit that is exposed and infected.1–3 Nega-
tive pressure wound therapy (NPWT) has been used in 
a variety of clinical scenarios for wound preservation. 
More recently, adjunctive NPWT, along with appropri-
ate wound care (eg, wound debridement, antibiotics, 
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Background: Sartorius flap coverage and adjunctive negative pressure 
wound therapy (NPWT) have been described in managing infected vascular 
groin grafts with varying cost and clinical success. We performed a cost–util-
ity analysis comparing sartorius flap with NPWT in managing an infected 
vascular groin graft.
Methods: A literature review compiling outcomes for sartorius flap and 
NPWT interventions was conducted from peer-reviewed journals in MED-
LINE (PubMed) and EMBASE. Utility scores were derived from expert 
opinion and used to estimate quality-adjusted life years (QALYs). Medicare 
current procedure terminology and diagnosis-related groups codes were 
used to assess the costs for successful graft salvage with the associated com-
plications. Incremental cost-effectiveness was assessed at $50,000/QALY, 
and both univariate and probabilistic sensitivity analyses were conducted 
to assess robustness of the conclusions.
Results: Thirty-two studies were used pooling 384 patients (234 sartorius 
flaps and 150 NPWT). NPWT had better clinical outcomes (86.7% success 
rate, 0.9% minor complication rate, and 13.3% major complication rate) 
than sartorius flap (81.6% success rate, 8.0% minor complication rate, 
and 18.4% major complication rate). NPWT was less costly ($12,366 ver-
sus $23,516) and slightly more effective (12.06 QALY versus 12.05 QALY) 
compared with sartorius flap. Sensitivity analyses confirmed the robustness 
of the base case findings; NPWT was either cost-effective at $50,000/QALY 
or dominated sartorius flap in 81.6% of all probabilistic sensitivity analyses.
Conclusion: In our cost–utility analysis, use of adjunctive NPWT, along 
with debridement and antibiotic treatment, for managing infected vascu-
lar groin graft wounds was found to be a more cost-effective option when 
compared with sartorius flaps. (Plast Reconstr Surg Glob Open 2015;3:e566;  
doi: 10.1097/GOX.0000000000000551; Published online 20 November 2015.)
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and surgical wound revision) has also been suggested 
for managing infected vascular groin grafts.4–6 Although 
NPWT is a relatively newer management option for this 
type of wound, there is substantial literature that sup-
ports its use in this scenario.4,6,7

Both the sartorius flap and NPWT have variabil-
ity in their clinical outcomes and costs. Although 
clinical outcomes have been evaluated separately 
for these 2 choices in past clinical case series, costs 
for outcomes, including major and minor complica-
tions, have not. This unknown invites for the study of 
cost–utility in comparing each management option. 
A cost–utility analysis is composed of costs, probabili-
ties, and quality-adjusted life years (QALY) of vari-
ous health states that are used to evaluate competing 
interventions.8–17 For this reason, our goal was to 
perform a cost–utility analysis of sartorius flap versus 
NPWT for salvage of an infected vascular groin graft.

MATERIALS AND METHODS

Literature Review and Health States
A systematic review, using MEDLINE (PubMed) 

and EMBASE, identified publications on treatments 
intended to salvage infected vascular grafts confined 
to the groin (Fig. 1). Search terms included “infect-
ed groin wound and negative pressure wound thera-
py”; “infected groin wound and wound VAC” (V.A.C. 
Negative Pressure Wound Therapy, KCI, an Acelity 
company, San Antonio, Tex.); “infected groin wound 
and sartorius flap”; and “infected groin wound and 
reconstruction”. We also replaced “infected groin 
wound” with “infected vascular groin graft” and  

combined them with all the phrases above to per-
form an additional search. Each identified article 
was examined by 2 reviewers (A.C. and T.K.) for 
adherence to inclusion and exclusion criteria. Dis-
agreements were resolved by consensus. Inclusion 
criteria included patients treated with flaps for vas-
cular groin grafts whose bodies or anastomotic sites 
were infected but did not show signs of bleeding 
and had no associated septicemia. We included pa-
tients who fit Szilagyi III and Samson II and III clas-
sifications for infected vascular grafts.18,19 Exclusion 
criteria included patients younger than 18 years, 
non-human patients, and non-English citations.

Data collected included rates of successful wound 
healing and complications between the treatment 
modalities. Any treatment with partial or total exci-
sion of the graft material was deemed a failure of 
salvage. The complications evaluated were defined 
as distinct “health states” with associated probabili-
ties, costs, and utilities for use in the decision model. 
Major complications included graft failure requiring 
axillary-femoral bypass and amputation or death. Mi-
nor complications included grafts with reinfection, 
seroma/hematoma, and wound dehiscence that 
were salvaged. Vascular graft success and complica-
tion rates from the literature review were utilized to 
calculate the cost-effectiveness of the procedure.

Probabilities
The probabilities associated with treatment- 

specific health states/complications were derived 
from a comprehensive review of the literature pre-
viously described. Data were extracted from the 

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) diagram.
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relevant publications, pooled, and weighted by 
the size of each study (Tables 1, 2). Meta-analyses 
for both NPWT and sartorius flap were conducted 
to estimate the pooled probabilities for the minor, 
major, and total complications. Studies were only 
included if they reported the outcome of interest. 
For each outcome measure, number of patients 
with an event and total number of patients were 
used to determine effect sizes for individual stud-
ies. A value of 0.1 was used for studies in which 
there were 0 events. A weighted estimator in-
versely proportional to the variance in each study 
was used to weight the effect sizes. Subsequently, 
a weighted mean effect size (probability of an 
event) and standard error were determined for 
the combined studies. Homogeneity of the effect 
sizes across studies was assessed. The homogene-
ity test results led to the use of a random-effects 
model to pool effect-size estimates and compute 
treatment effect for both the NPWT total com-
plications and sartorius flap total complications 
outcome measures. A fixed-effect model was used 
to pool effect-size estimates for all other analyses. 
The mean and standard error (SE) were used to 
parameterize beta distributions for each health 
state to avoid negative probabilities; beta distribu-

tions produced continuous probabilities between 
0 and 1.

Health State Value and Quality-Adjusted Life Years
Health state values were obtained using a 10-cm 

visual analog scale (VAS). The VAS had a minimum 
anchor of 0, representing death and a maximum 
anchor of 1 representing perfect health. Fifteen 
surgical experts familiar with infected vascular 
groin graft reconstruction and management of 
complications were provided identical health state 
scenarios and asked to rank each scenario on the 
VAS scale. An example question posed to the surgi-
cal experts was “Consider a patient with an infected 
groin graft that goes on to have a successful salvage 
with a muscle flap. Place a mark on the VAS that 
in your opinion would represent this particular 
health state for the patients on a scale between 0 
indicating death and 1 indicating perfect health.” 
A nonparametric bootstrap was then applied on 
the 15 VAS values for each health state separately; 
1000 samples with replacement were used to char-
acterize the mean and standard deviation for each 
health state. The health state values were assumed 
to represent health state utility for the purposes of 
deriving QALYs (Tables 3, 4).

Table 1.  Probabilities of Complications Using Sartorius Flap Alone

References
Total No. 	
of Cases

Minor 	
Complications

Major 	
Complications

Total 	
ComplicationsDebridement

Graft 
Reconstruction, 

Excision or Ligation Amputation Death

Töpel et al20 34 1 4 1 0 6
Herrera et al21 5 — 2 0 0 2
Cyrochristos et al22 1 — — 0 0 0
Armstrong et al23 3 — 2 — — 2
Wu et al24 10 1 — 0 0 1
Seify et al25 5 — 0 0 2 2
Schutzer et al26 50 — 1 2 6 9
Colwell et al1 4 1 — — — 1
Graham et al27 18 — — 5 0 5
Zeltsman et al28 18 4 — — — 4
Sladen et al29 25 4 3 0 0 7
Maser et al3 15 3 — 0 0 3
Taylor et al30 5 4 — — — 4
Perez-Burkhardt et al31 1 — 1 0 0 1
Thomas et al32 4 1 — 0 0 1
Kimmel et al33 2 1 — 0 0 1
Calligaro et al34 4 2 — 1 0 3
Sladen et al35 10 — 0 0 0 0
Evans et al36 1 — — 0 0 0
Calligaro et al37 1 — — — 1 1
Petrasek et al38 11 2 — — — 2
Mahoney39 5 — 1 — 0 1
Kaufman et al2 2 1 — 0 — 1
Total 25 14 9 9 57
Probability (SE)* 0.080 (0.024) 0.032 (0.015) 0.014 (0.009) 0.007 (0.006) 0.184 (0.036)
*Probability and standard error (SE) were derived from a meta-analysis. A value of 0.1 was used for studies reporting 0 events for a particular 
complication for the purposes of the meta-analysis. The sample size of a study not reporting a particular complication, denoted by” —,” was 
not included for the purposes of calculating a probability.
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The health state values were converted to QALYs 
by multiplying the values of a specific health state by 
the duration of that health state and adding that to 
the product of the remaining life years and the value 
of a successful operation.

QALY = (value of health state) × (duration of 
health of state) + (value of sucesful procedure) × 
(remaining life years)

Duration of health state = Number weeks for 
recovery from complication ÷ Number of weeks in 
a year

Remaining life years

Average lifeexpectancy averageageof patie= − nnt

The remaining life years were derived from the as-
sumption that a hypothetical cardiovascular patient 
undergoing salvage reconstruction is 50 years old 

and has a life expectancy of 73.7 years (based on the 
results of the Whitehall study).46 Assumptions were 
made regarding the appropriate follow-up for health 
states based on the current practice of surgeons at our 
institutions. Patients suffering minor complications 
underwent surgical debridement with antibiotics and 
were assumed to recover within 4 weeks. Major com-
plications assumed a longer recovery; graft failure 
requiring axillary-femoral bypass and amputation as-
sumed a recovery period of 12 weeks. However, after 
amputation, patients were not assumed to receive the 
full health state value for their remaining years of life. 
For example, the “graft excision and axillary-femoral 
bypass” health state assumes that the patient would 
recover in a 12-week period; thereafter, the patient 
returned to the value of successful surgery for the 
remaining years of life, whereas for amputation, the 

Table 2.  Probabilities of Complications Using Negative Pressure Wound Therapy Alone

References
Total No. 	
of Cases

Minor 
Complications Major Complications

Total 
ComplicationsDebridement

Graft 
Reconstruction, 

Excision or Ligation Amputation Death

Berger et al40 17 3 0 0 0 3
Acosta and Monsen7 28 0 4 2 1 7
Mayer et al41 32 1 1 0 1 3
Beno et al42 2 0 2 0 0 2
Dosluoglu et al6 12 0 2 0 0 2
Svensson et al43 24 4 4 2 0 10
Kotsis and Lioupis44 7 1 0 0 0 1
Dosluoglu et al5 4 0 0 0 0 0
Pinocy et al45 24 0 0 0 0 0
Total 9 13 4 2 28
Probability (SE)* 0.009 (0.008) 0.0140 (0.01) 0.007 (0.007) 0.008 (0.007) 0.133 (0.047)
*Probability and standard error (SE) were derived from a meta-analysis. A value of 0.1 was used for studies reporting 0 events for a particular 
complication for the purposes of deriving a probability.

Table 3.  Utilities, Costs, and QALYs for Graft Infections: Infected Graft Repair with Flap

Health States Value (SD) QALY (SD)

Cost ($) Codes

Likely Min Max CPT DRG

Successful 
reconstruction 0.706 (0.039) 12.22 (0.14) 12,134 9101 18,201 15,738 908

Wound complica-
tions requiring 
debridement

0.572 (0.019) 12.19 (0.14) 20,444 15,333 30,666 15,738
10,140 908
11,403 920
11,046

Graft excision with 
axillary-femoral 
bypass

0.386 (0.031) 12.14 (0.14) 35,486 26,615 53,230 15,738 908
11,043
11,046
35,565

Amputation 0.386 (0.031) 6.68 (0.11) 34,912 26,184 52,368 15,738 908
11,043
11,046
35,565
27,590

Death 0 0 12,134 9101 18,201 15,738 908
Mean and SD utility values based on 1000 bootstrapped estimates from 15 individual physicians surveys. Amputation and graft excision assumed 
to have the same utility. QALY discounted at 3%. Likely baseline cost is derived from Medicare CPT reimbursement, minimium (Min) is 75% 
of Likely cost and maximim (Max) is 150% of Likely cost.
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value of the health state remained unchanged after 
recovery. A graft excision example calculation can be 
found below:

Remaining health years: years years

years

73 7 50

23 7

.

.

−
=

Durationof healthstate: weeks weeks

years

12 52

0 23

÷
= .

QALY

years undiscounted

: . . . ( . . )

. ( )

0 385 0 23 0 706 23 7 0 23

16 66

× + × −
=

Given that QALYs accrue over a period of  
23.7 years, the value was discounted at a rate of 3% 
per year (Tables 3, 4).47

Perspective and Cost
The perspective of Medicare was adopted for the 

decision analysis. Given the advent of bundled pay-
ments and accountable health organizations as a  
potentially foreseeable eventuality, the authors felt 
this perspective was most pertinent for such a cost–
utility analysis.

Medicare current procedure terminology (CPT) 
codes and diagnosis-related groups (DRG) codes were 
used to assess the costs for successful graft salvage with 
the particular flap and associated major and minor 
complications. Costs for a complication included the 
cost of a successful surgery plus the cost of a specific 
complication. All payment data were based on 2012 
Medicare CPT and DRG reimbursement national av-
erages (Tables 3, 4).48,49 Medicare payments were used 
as a surrogate for cost, which would be particularly 
applicable if the hospital were an accountable care or-
ganization responsible for payment when managing a 
patient with an infected vascular groin graft.

The cost of death was conservatively assumed to 
be the same cost as a successful procedure because 

at minimum the same procedures would have been 
performed as those for a successful case. NPWT was 
assumed to be applied for 6 weeks. Costs were not 
discounted, as all costs were assumed to occur within 
a year of the surgical procedure.

Decision Analysis
A decision analytic model (Fig.  2) evaluated  

2 clinical strategies: sartorius flap coverage versus 
NPWT for managing an infected vascular groin 
graft. Probabilities, costs, and QALYs for each 
health state were incorporated into the model for 
all the health states relevant to the reconstruction. 
Expected values for costs and outcomes were de-
rived by multiplying the probability of a health state 
by its cost and QALY. Expected values were summed 
for each clinical strategy to derive the overall ex-
pected cost and utility (QALY). The incremental 
cost–utility ratio (ICUR) was then calculated using 
the formula below:

ICUR

Expectedcost of NPWT

Expectedcost of sartorius flap
Ex

=
−

( )

( )
( ppectedQALY of NPWT

ExpectedQALY of sartorius flap− )

This represented the added cost to prolong a 
patient’s life by 1 year of perfect health.50 A novel 
intervention is “cost effective” if the ICUR is greater 
than 0 and less than the “willingness to pay (WTP)” 
for an added year of perfect health, which we de-
fined as $50,000.51,52 If one clinical strategy is more 
clinically effective and costs less, then this strategy, 
by definition, dominates the alternative strategy, and 
the ICUR is not calculated.53

Sensitivity Analysis
To identify important areas of uncertainty for 

future research, 1-way and selected 2-way sensitivity 

Table 4.  Utilities, Costs, and QALYs for Graft Infections: Infected Graft Repair with Adjunctive NPWT

Health States Value(SD) QALY(SD)

Cost ($) Codes

Base Case Min Max CPT DRG

Successful reconstruction 0.709 (0.04) 12.27 (0.14) 9904 7428 14,856 920
Wound complications 

requiring debridement
0.585 (0.025) 12.27 (0.14) 18,214 13,661 27,321 10,140 920

11,043
11,046

Graft excision with 
axillary-femoral  
bypass

0.389 (0.031) 12.19 (0.14) 32,301 24,226 48,451 97,597 920
902
908

Amputation 0.389 (0.031) 6.74 (0.11) 31,727 23,795 47,590 97,597 920
27,590 902

908
Death 0 0 9904 7428 14,856 920
Mean and SD utility values based on 1000 bootstrapped estimates from 15 individual physicians surveys. Amputation and graft excision assumed 
to have the same utility. QALYs discounted at 3%. Likely baseline cost is derived from Medicare CPT reimbursement, minimum (Min) is 75% 
of Likely cost and maximum (Max) is 150% of Likely.
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analyses were conducted based on a WTP of $50,000/
QALY by changing base case values as follows: QALY 
(±15%), probabilities (±25%), and costs (±50%). In 
addition, a probabilistic sensitivity analysis (PSA) was 
conducted using all parameter estimates: (a) prob-
abilities used beta distributions and were parameter-
ized based on the mean and SE derived from the 
meta-analysis; (b) QALYs used normal distributions 
and the mean and SE from the bootstrap estimates; 
(c) costs used triangular distributions based on the 
base case costs and −25% (minimum value) to +50% 
(maximum value), to address regional variation in 
Medicare payments (Tables 3, 4). PSA was conduct-
ed using 10,000 random samples; essentially, the ex-
pected value calculation was repeated 10,000 times 
using simultaneous random draws from each distri-
bution for costs, QALYs, and probabilities to charac-
terize the uncertainty of the ICUR. The WTP value 
was assessed up to $100,000 cost/QALY. All of the 
above statistical calculations were performed using 
TreeAge Pro 2014 (Williamstown, Mass.) and Micro-
soft Excel 2007 (Redmond, Wash.).

This study was done in accordance with the prin-
ciples outlined in the Declaration of Helsinki.

RESULTS

Literature Review
The literature review pooled 32 studies totaling 

384 patients who had their infected vascular groin 
grafts managed with sartorius flaps or NPWT (234 sar-
torius flaps, 150 NPWT; Fig. 1; Tables 1, 2).1–3,5–7,20–45,54

Complication and Clinical Success Rates
The overall complication rate was higher for the 

sartorius group at 18.4% (SE = 3.6) compared with the 
NPWT group at 13.3% (SE = 4.7). Subsequently, the 
clinical success rate without complication was higher 
for the NPWT group at 86.7% (SE=3.6) versus 81.6% 
(SE=4.7) for the sartorius group. Major complications 
were higher for the sartorius group versus NPWT: 
graft excision requiring axillary-femoral bypass 3.2%  
(SE = 1.5) versus 1.4% (SE = 1.0), respectively, and 
amputation 1.4% (SE = 0.9) versus 0.7% (SE = 0.7), 

Fig. 2. Decision tree analysis with variable definitions. # denotes 1 minus the sum of the probabilities for each outcome 
for a particular strategy. VAC treatment is used in place of NPWT.
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respectively. Death was similar in the sartorius group 
versus the NPWT group: 0.7% (SE = 0.6) versus 0.8% 
(SE = 0.7), respectively. Minor complications (ie, 
wound complication requiring debridement) were 
higher for the sartorius group at 8% (SE = 2.4) versus 
0.9% (SE = 0.8) for the NPWT group (Tables 1, 2).

Quality-Adjusted Life Years and Incremental 	
Cost–Utility Ratio

Health state value scores with subsequent QALYs 
and associated costs for each health state are shown 
in Table 3 and 4.53 From a clinical effectiveness stand-
point, the decision tree analysis showed a slight clini-
cal benefit favoring NPWT (QALY: 12.06) versus the 
sartorius flap (QALY: 12.05). Conversely, costs were 
substantially lower for the NPWT group at $12,366 
versus $23,516 for sartorius flap group (Table 5). As 
a result, NPWT dominated the sartorius flap (domi-
nance = lower costs and greater effectiveness).

Sensitivity Analysis
One-way deterministic sensitivity analysis demon-

strated that the model was sensitive to QALYs asso-
ciated with successful management for both NPWT 

and sartorius flaps (data not shown), although all 
other variables did not change the conclusion across 
the ranges tested. As a result, a 2-way sensitivity analy-
sis was performed to elucidate the cost-effectiveness 
based on changes in the 2 variables (Fig. 3).

PSA results are shown as an ICUR scatter plot and 
a cost-effectiveness acceptability curve and demon-
strate that NPWT is the dominant strategy in 49.4% 
of the cases, and cost-effective in an additional 32.2% 
of the cases (Fig.  4) at a WTP of $50,000/QALY. 
Sartorius flaps are considered to be cost-effective in 
18.4% of the cases at the base case WTP. The cost-
effectiveness acceptability curve shows the impact of 
change by the WTP (base case represented by the ver-
tical line at $50,000/QALY). Under a range of WPTs, 
NPWT remains the preferred option (Fig. 5).

DISCUSSION
A cost–utility analysis is most useful in answer-

ing which surgical approach to use when a surgical 
disease has several competing approaches to choose 
from, each of which has its own clinical success rates, 
complication rates, and costs.9–13,15,17 This type of 

Table 5.  Comparison of Cost and Clinical Quality and the Calculation of ICUR

Cost ($) ∆C ($) QALY ∆Q ICUR = (∆C/∆Q)
Sartorius flap 23,350.76 −11,150 12.05 0.01

NPWT 12,366 12.06 NPWT dominates 
sartorius flap

∆C, difference in cost; ∆Q, difference in QALY.

Fig. 3. Two-way sensitivity analysis of QALYs for successful therapy of NPWT versus sartorius 
flap. The blue line is the threshold line for WTP at $50,000/QALY or a line of indifference be-
tween the 2 therapies. The area above the line favors NPWT, whereas combinations of QALYs 
below the line favor sartorius flap.
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analysis affords the surgeon the ability to argue clini-
cal benefit while weighing costs when advocating the 
appropriate treatment for the patient.

Adjunctive NPWT, along with appropriate wound 
care (eg, wound debridement, antibiotics, and surgical 
wound revision), has been reported to be an excellent 
option for managing the infected vascular groin graft 
wound. Once a wound has been debrided, NPWT is rel-
atively easy to apply and does not require the technical 
fortitude of flap harvesting that a sartorius flap requires. 
Management of the infected vascular groin graft wound 
with adjunctive NPWT was initially introduced in Eu-
rope in the early 2000s, where the controversial place-
ment of foam close to a large vessel was justified as a 
last resort effort to salvage the wound when the patient 
was too ill for additional flap or extra-anatomic bypass 
surgery.4,5 Given the initial success of this treatment in a 
critically ill patient population, this treatment scheme 
gained popularity, especially in the European vascular 
realm.4,5 The choice of using NPWT versus the sartorius 
flap can also be limited by patient characteristics. In 
general, NPWT is contraindicated in fully anticoagulat-
ed patients, many of whom are those receiving vascular 
surgery. Additionally, the sartorius flap should not be 
used if there is substantial disease in or total occlusion 
of the superficial femoral artery, from which segmental 
perforators supply the flap with blood.

It is important to note that cost–utility analysis 
addresses a question from a global viewpoint that 
generalizes results with the goal of providing sugges-
tions, not policy dictum. We caution against a blanket 
interpretation of our results, as it is very likely that a 
high-volume flap surgeon who is very comfortable 
using a sartorius flap for covering infected vascular 
groin graft wounds can obtain clinical outcomes that 
are comparable with or supersede those for NPWT. A 
second limitation inherent in cost–utility analysis is its 
dependence on the reliability of the literature in the 
literature review, although we attempted to address 
this through sensitivity analyses. Additionally, there is 
an assumption that the data gathered with regards to 
surgical technique and outcomes when performing 
flaps or placing NPWT devices are uniform with little 
variability. In reality, there are different NPWT com-
panies that supply devices and recommend different 
negative wound pressure settings. Additionally, the lit-
erature varies in what negative pressure setting should 
be used when placing a NPWT device over a vascu-
lar structure.4,6,7,42 Clearly, inherent flaws are present 
when pooling data from a literature review, given the 
variability of data collection, patients, and surgeons.

The sensitivity to the QALY estimates for successful 
treatment is notable; our estimates were derived us-
ing a VAS instrument using surgeon estimates. Other 

Fig. 4. Incremental cost-effectiveness scatter plot of NPWT versus sartorius flap. The dashed red line (thresh-
old) represents the base case WTP value of $50,000/QALY. The scatter plot represents 10,000 random simula-
tions (1000 points shown for clarity). Values below base case WTP are considered cost-effective. Approximately 
18.4% of the simulations are above the threshold line (ie, NPWT not cost-effective). The absence of data in 
Quadrant II indicates that in 10,000 random samples the sartorius flap did not dominate NPWT.
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methods, such as standard gamble and time trade-off, 
can yield different values. A review of these 3 methods 
indicated that the VAS can produce the lowest health 
value among the 3 instruments for the same health 
state.55 The implications on our findings are unclear 
because both strategies presumably would suffer from 
the same lower health values. Nevertheless, this is an 
area for further research.

Furthermore, the reliance on the literature review 
in determining outcome probabilities inherits the con-
founding variable limitation present when using retro-
spective data. For example, it is difficult to assess how 
much impact flap or NPWT choice had in the death 
outcome. Certainly, there was a greater rate of minor 
and major complications in the sartorius flap group, 
and one may state that such complications may have 
contributed to an increased death rate given that the 
studied population of vascular patients has such little 
reserve. Nevertheless, there could be other confound-
ing variables other than flap choice contributing to the 
death rate. A future, prospective study comparing the 
sartorius flap versus NPWT in this vascular population 
would address this limitation. A hospital perspective 
was not performed and thus may have underestimated 
costs and resources consumed; extrapolating conclu-
sions to individual hospitals, as such, would be outside 
the scope of our analysis. A broader societal perspec-
tive was also not considered and would have to incor-
porate the total costs to the patient.

CONCLUSIONS
In our cost–utility analysis, the use of adjunctive 

NPWT, along with appropriate wound care (eg, wound 
debridement, antibiotics, and surgical wound revision), 
for managing infected vascular groin graft was found 
to be cost-effective under a wide range of assumptions, 
when compared with using a sartorius flap and when 
considered from the Medicare perspective.

Abhishek Chatterjee, MD, MBA
Divisions of Surgical Oncology and
Plastic and Reconstructive Surgery

Department of Surgery
Tufts Medical Center, 800 Washington St.  

Boston, MA 02111
Email: chatterjeeac14@gmail.com

ACKNOWLEDGMENT
The authors thank Julie M. Robertson (Acelity) for  

assistance with medical editing.

REFERENCES
	 1.	 Colwell AS, Donaldson MC, Belkin M, et al. Management 

of early groin vascular bypass graft infections with sartori-
us and rectus femoris flaps. Ann Plast Surg. 2004;52:49–53.

	 2.	 Kaufman JL, Shah DM, Corson JD, et al. Sartorius muscle 
coverage for the treatment of complicated vascular surgi-
cal wounds. J Cardiovasc Surg (Torino). 1989;30:479–483.

	 3.	 Maser B, Vedder N, Rodriguez D, et al. Sartorius myoplasty 
for infected vascular grafts in the groin. Safe, durable, and 
effective. Arch Surg. 1997;132:522–525; discussion 525.

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 20,000 40,000 60,000 80,000 100,000 120,000

Pr
ob

ab
ili

ty
 o

f B
ei

ng
 C

os
t-E

ffe
ct

iv
e 

Willingness to Pay 

Flap

NPWT

Fig. 5. Cost-effectiveness acceptability curve for NPWT and sartorius flap. The cost-effectiveness 
acceptability curve shows the probability of each strategy being cost-effective at different 
WTP thresholds. The base case WTP value of $50,000/QALY is shown by the vertical line; 
NPWT therapy was cost-effective 81.6% of the time among 10,000 random samples. At a 
WTP of $100,000/QALY, 67.8% of the samples were cost-effective for NPWT.

mailto:chatterjeeac14@gmail.com


PRS Global Open • 2015

10

	 4.	 Demaria R, Giovannini UM, Téot L, et al. Using VAC 
to treat a vascular bypass site infection. J Wound Care. 
2001;10:12–13.

	 5.	 Dosluoglu HH, Schimpf DK, Schultz R, et al. Preservation 
of infected and exposed vascular grafts using vacuum as-
sisted closure without muscle flap coverage. J Vasc Surg. 
2005;42:989–992.

	 6.	 Dosluoglu HH, Loghmanee C, Lall P, et al. Management 
of early (<30 day) vascular groin infections using vacuum-
assisted closure alone without muscle flap coverage in a 
consecutive patient series J Vasc Surg. 2010;51:1160–1166.

	 7.	 Acosta S, Monsen C. Outcome after VAC® therapy for in-
fected bypass grafts in the lower limb. Eur J Vasc Endovasc 
Surg. 2012;44:294–299.

	 8.	 Cavaliere CM, Chung KC. A cost-utility analysis of non-
surgical management, total wrist arthroplasty, and total 
wrist arthrodesis in rheumatoid arthritis. J Hand Surg Am. 
2010;35:379–391.e2.

	 9.	 Chung KC, Saddawi-Konefka D, Haase SC, et al. A cost-
utility analysis of amputation versus salvage for Gustilo 
type IIIB and IIIC open tibial fractures. Plast Reconstr Surg. 
2009;124:1965–1973.

	10.	Chatterjee A, Krishnan NM, Rosen JM. Complex ventral 
hernia repair using components separation with or with-
out biologic mesh: a cost-utility analysis. Ann Plast Surg. 
2015;74:471–478.

	11.	Chatterjee A, Krishnan NM, Rosen JM. Complex ventral 
hernia repair using components separation with or with-
out synthetic mesh: a cost-utility analysis. Plast Reconstr 
Surg. 2014;133:137–146.

	12.	Chatterjee A, Krishnan NM, Van Vliet MM, et al. A com-
parison of free autologous breast reconstruction with and 
without the use of laser-assisted indocyanine green angi-
ography: a cost-effectiveness analysis. Plast Reconstr Surg. 
2013;131:693e–701e.

	13.	Krishnan NM, Chatterjee A, Rosenkranz KM, et al. The 
cost effectiveness of acellular dermal matrix in expander-
implant immediate breast reconstruction. J Plast Reconstr 
Aesthet Surg. 2014;67:468–476.

	14.	Krishnan NM, Chatterjee A, Van Vliet MM, et al. A com-
parison of acellular dermal matrix to autologous dermal 
flaps in single-stage, implant-based immediate breast re-
construction: a cost-effectiveness analysis. Plast Reconstr 
Surg. 2013;131:953–961.

	15.	Thoma A, Khuthaila D, Rockwell G, et al. Cost-utility anal-
ysis comparing free and pedicled TRAM flap for breast 
reconstruction. Microsurgery 2003;23:287–295.

	16.	Ziolkowski NI, Voineskos SH, Ignacy TA, et al. Systematic 
review of economic evaluations in plastic surgery. Plast 
Reconstr Surg. 2013;132:191–203.

	17.	Chatterjee A, Ramkumar DB, Dawli TB, et al. The use of 
mesh versus primary fascial closure of the abdominal do-
nor site when using a transverse rectus abdominis myo-
cutaneous flap for breast reconstruction: a cost-utility 
analysis Plast Reconstr Surg. 2015;135:682–689.

	18.	Szilagyi DE, Smith RF, Elliott JP, et al. Infection in ar-
terial reconstruction with synthetic grafts. Ann Surg. 
1972;176:321–333.

	19.	Samson RH, Veith FJ, Janko GS, et al. A modified clas-
sification and approach to the management of infections 
involving peripheral arterial prosthetic grafts. J Vasc Surg. 
1988;8:147–153.

	20.	Töpel I, Betz T, Uhl C, et al. The impact of superficial 
femoral artery (SFA) occlusion on the outcome of proxi-
mal sartorius muscle transposition flaps in vascular sur-
gery patients. J Vasc Surg. 2011;53:1014–1019.

	21.	Herrera FA, Kohanzadeh S, Nasseri Y, et al. Management 
of vascular graft infections with soft tissue flap coverage: 
improving limb salvage rates–a veterans affairs experi-
ence. Am Surg. 2009;75:877–881.

	22.	Cyrochristos DJ, Papadopoulos O, Liapis C, et al. Coverage 
strategies in exposed implants. Am Surg. 2009;75:1132–
1138.

	23.	Armstrong PA, Back MR, Bandyk DF, et al. Selective ap-
plication of sartorius muscle flaps and aggressive staged 
surgical debridement can influence long-term out-
comes of complex prosthetic graft infections J Vasc Surg. 
2007;46:71–78.

	24.	Wu LC, Djohan RS, Liu TS, et al. Proximal vascular ped-
icle preservation for sartorius muscle flap transposition. 
Plast Reconstr Surg. 2006;117:253–258.

	25.	Seify H, Moyer HR, Jones GE, et al. The role of muscle 
flaps in wound salvage after vascular graft infections: the 
Emory experience. Plast Reconstr Surg. 2006;117:1325–
1333.

	26.	Schutzer R, Hingorani A, Ascher E, et al. Early transposi-
tion of the sartorius muscle for exposed patent infraingui-
nal bypass grafts Vasc Endovascular Surg. 2005;39:159–162.

	27.	Graham RG, Omotoso PO, Hudson DA. The effectiveness 
of muscle flaps for the treatment of prosthetic graft sep-
sis. Plast Reconstr Surg. 2002;109:108–113; discussion 114.

	28.	Zeltsman D, Tzarnas CD, Kerstein MD. Management of 
vascular prosthetic infections: results of long-term follow-
up. Am Surg. 1999;65:331–333.

	29.	Sladen JG, Chen JC, Reid JD. An aggressive local approach 
to vascular graft infection. Am J Surg. 1998;176:222–225.

	30.	Taylor SM, Weatherford DA, Langan EM 3rd, et al. 
Outcomes in the management of vascular prosthetic graft 
infections confined to the groin: a reappraisal. Ann Vasc 
Surg. 1996;10:117–122.

	31.	Perez-Burkhardt JL, Gonzalez-Fajardo JA, Carpintero LA, 
et al. Sartorius myoplasty for the treatment of infected 
groins with vascular grafts. J Cardiovasc Surg (Torino). 
1995;36:581–585.

	32.	Thomas WO 3rd, Parry SW, Powell RW, et al. Management 
of exposed inguinofemoral arterial conduits by skeletal 
muscular rotational flaps. Am Surg. 1994;60:872–880.

	33.	Kimmel RM, Murphy RX Jr, Chowdary RP. Optimal man-
agement of inguinal vascular graft infections. Ann Plast 
Surg. 1994;32:623–629.

	34.	Calligaro KD, Veith FJ, Schwartz ML, et al. Selective pres-
ervation of infected prosthetic arterial grafts. Analysis of a 
20-year experience with 120 extracavitary-infected grafts. 
Ann Surg. 1994;220:461–469; discussion 469.

	35.	Sladen JG, Thompson RP, Brosseuk DT, et al. Sartorius 
myoplasty in the treatment of exposed arterial grafts. 
Cardiovasc. Surg. 1993;1:113–117.

	36.	Evans GR, Francel TJ, Manson PN. Vascular prosthetic 
complications: success of salvage with muscle-flap recon-
struction. Plast Reconstr Surg. 1993;91:1294–1302.

	37.	Calligaro KD, Veith FJ, Schwartz ML, et al. Are gram-
negative bacteria a contraindication to selective preser-
vation of infected prosthetic arterial grafts? J Vasc Surg. 
1992;16:337–345; discussion 345.

	38.	Petrasek PF, Kalman PG, Martin RD. Sartorius myoplasty 
for deep groin wounds following vascular reconstruction. 
Am J Surg. 1990;160:175–178.

	39.	Mahoney J. Salvage of the infected groin vascular graft 
with muscle flaps. Ann Plast Surg. 1989;22:252–256.

	40.	Berger P, de Bie D, Moll FL, et al. Negative pressure 
wound therapy on exposed prosthetic vascular grafts in 
the groin. J Vasc Surg. 2012;56:714–720.



 Chatterjee et al. • Cost Analysis: Sartorius Flap versus NPWT

11

	41.	 Mayer D, Hasse B, Koelliker J, et al. Long-term results of vas-
cular graft and artery preserving treatment with negative pres-
sure wound therapy in Szilagyi grade III infections justify a 
paradigm shift. Ann Surg. 2011;254:754–759; discussion 760.

	42.	Beno M, Martin J, Sager P. Vacuum assisted closure in vas-
cular surgery. Bratisl Lek Listy. 2011;112:249–252.

	43.	Svensson S, Monsen C, Kölbel T, et al. Predictors for out-
come after vacuum assisted closure therapy of peri-vascu-
lar surgical site infections in the groin. Eur J Vasc Endovasc 
Surg. 2008;36:84–89.

	44.	Kotsis T, Lioupis C. Use of vacuum assisted closure in vas-
cular graft infection confined to the groin. Acta Chir Belg. 
2007;107:37–44.

	45.	Pinocy J, Albes JM, Wicke C, et al. Treatment of peripros-
thetic soft tissue infection of the groin following vascular 
surgical procedures by means of a polyvinyl alcohol-vacu-
um sponge system. Wound Repair Regen. 2003;11:104–109.

	46.	 Clarke R, Emberson J, Fletcher A, et al. Life expectancy in 
relation to cardiovascular risk factors: 38 year follow-up of 
19,000 men in the Whitehall study. Br Med J. 2009;339:b3513.

	47.	Gold MR, Siegel JE, Russell LB, et al. Appendix A: sum-
mary recommendations. In: Gold MR, Siegel JE, Russell 
LB, et al, eds. Cost-Effectiveness in Health and Medicine. New 
York, NY: Oxford University Press; 1996.

	48.	 Ingenix Inc. DRG Expert 2012. 2012 Ed. Salt Lake City, UT: 
Optuminsight Incorporated; 2011.

	49.	Centers for Medicare and Medicaid Services. Physician 
Fee Schedule Search. Baltimore, MD: Centers for 
Medicare and Medicaid Services; 2015. Available at www.
cms.gov. Accesses on August 20, 2015.

	50.	Thoma A, Veltri K, Khuthaila D, et al. Comparison of the 
deep inferior epigastric perforator flap and free trans-
verse rectus abdominis myocutaneous flap in postmas-
tectomy reconstruction: a cost-effectiveness analysis. Plast 
Reconstr Surg. 2004;113:1650–1661.

	51.	Grosse SD. Assessing cost-effectiveness in healthcare: 
history of the $50,000 per QALY threshold Ex Rev 
Pharmacoecon Outcomes Res. 2008;8:165–178.

	52.	Neumann PJ, Cohen JT, Weinstein MC. Updating cost-
effectiveness—the curious resilience of the $50,000-per-
QALY threshold. N Engl J Med. 2014;371:796–797.

	53.	Drummond MF, Sculpher MJ, Torrance GW, et al. Methods 
for the Economic Evaluation of Health Care Programmes. 3rd 
Ed. New York, NY: Oxford University Press; 2005.

	54.	Alkon JD, Smith A, Losee JE, et al. Management of com-
plex groin wounds: preferred use of the rectus femoris 
muscle flap. Plast Reconstr Surg. 2005;115:776–783; discus-
sion 784.

	55.	Morimoto T, Fukui T. Utilities measured by rating 
scale, time trade-off, and standard gamble: review and 
reference for health care professionals. J Epidemiol. 
2002;12:160–178.

http://www.cms.gov
http://www.cms.gov

