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Textbook Outcome as a Quality Metric in Liver 
Transplantation
Austin D. Schenk, MD, PhD, FACS,1 Jing L. Han, MD,1 April J. Logan, MS,1 Jeffrey M. Sneddon, BS,1  
Guy N. Brock, PhD,1 Timothy M. Pawlik, MD, MPH, PhD,1 and William K. Washburn, MD1

INTRODUCTION

Textbook outcome (TO) was first described in 2012 as 
the “perfect hospitalization” after colon cancer resection1 
and has alternatively been reported to characterize an 
“ideal postoperative course.”2 TO is a composite outcome 
metric that incorporates quality across multiple domains 
of performance. TO has been studied in colon,1 gastric,2-4 
esophageal,2,3 pancreatic,5,6 liver,6,7 bariatric,8 and vascular 
surgery9 and even been used to measure quality associated 
with endoscopic retrograde cholangiopancreatography and 
colonoscopy.10 TO is now being explored in transplantation.

TO is a unique quality metric. Historically, outcome stud-
ies have focused on individual binary variables such as sur-
vival or readmission. TO attempts to capture multiple critical 
variables that contribute to an ideal healthcare experience. 
The composite nature of TO increases the “event rate” sur-
rounding this metric7 and creates a very “high bar,” in which 
no credit is given for near-perfect care.11 TO is thought to be 
patient-centric in part because patients use a similar “high 
bar” to judge their healthcare experience, in which a single 
negative event in any domain can taint perception of the 
entire hospitalization. Because TO is a holistic measure that 
incorporates patient outcomes and healthcare efficiency, it is 
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Liver Transplantation

Background. Quality in liver transplantation (LT) is currently measured using 1-y patient and graft survival. Because 
patient and graft survival rates now exceed 90%, more informative metrics are needed. Textbook outcomes (TOs) describe 
ideal patient outcomes after surgery. This study critically evaluates TO as a quality metric in LT. Methods. United Network 
for Organ Sharing data for 25 887 adult LT recipients were used to define TO as patient and graft survival >1 y, length of 
stay ≤10 d, 0 readmissions within 6 mo, absence of rejection, and bilirubin <3 mg/dL between months 2 and 12 post-LT. 
Univariate analysis identified donor and recipient characteristics associated with TO. Covariates were analyzed using pur-
poseful selection to construct a multivariable model, and impactful variables were incorporated as linear predictors into a 
nomogram. Five-year conditional survival was tested, and center TO rates were corrected for case complexity to allow for 
center-level comparisons. Results. The national average TO rate is 37.4% (95% confidence interval, 36.8%-38.0%). The 
hazard ratio for death at 5 y for patients who do not experience TO is 1.22 (95% confidence interval, 1.11-1.34; P ≤ 0.0001). 
Our nomogram predicts TO with a C-statistic of 0.68. Center-level comparisons identify 31% of centers as high performing 
and 21% of centers as below average. High rates of TO correlate only weakly with center volume. Conclusions. The 
composite quality metric of TO after LT incorporates holistic outcome measures and is an important measure of quality in 
addition to 1-y patient and graft survival.
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of interest to multiple stakeholders, including patients, pro-
viders, payers, and regulatory agencies.

Transplantation is, by necessity, a highly regulated field. 
Quality metrics in transplant have enormous implications for 
individual patients, transplant programs, and hospitals. The 
value of current metrics is fiercely debated,12,13 and a joint task-
force appointed by the American Society of Transplantation 
and American Society of Transplant Surgeons has stated 
that “current publicly reported short-term outcome metrics 
are no longer reflective of the quality of care delivered and 
have unintended consequences, including limiting organ uti-
lization and excluding high-risk patients who would benefit 
from transplantation.”14 Recently, the Organ Procurement 
and Transplantation Network hosted national webinars, pro-
viding the first glimpse of proposed changes in quality moni-
toring. Concurrent with this national committee work, we 
have developed the quality metric of TO in liver transplanta-
tion (LT). We define TO after LT using a large contemporary 
cohort and suggest that TO is a novel method for measuring 
and improving quality in LT.

MATERIALS AND METHODS

Healthcare professionals from the liver transplant team at 
our institution met on 4 separate occasions to establish a con-
sensus definition of TO after LT. Our team consists of 5 liver 
transplant surgeons, 6 transplant hepatologists, 6 advanced 
transplant providers, and 3 transplant fellows, and an addi-
tional 5 health service researchers provided input. In defining 
the ideal patient experience after LT, consideration was given 
to relevant clinical outcomes, perceived patient satisfaction, 
complications, and efficient resource utilization. Questions 
used to frame the discussion are listed in Table S1 (SDC, 
http://links.lww.com/TXD/A419). This ideal list was then 
narrowed to data available in the United Network for Organ 
Sharing Standard Transplant Analysis and Research (UNOS 
STAR) files. Once TO criteria were defined, it was necessary 
to define threshold values for TO variables. Within our data 
set, the median length of stay was 10 d, and we selected ≤10 d 
as our threshold. Similar methodology was applied in choos-
ing threshold values for the other criteria. Our final definition 
of TO after LT is provided in Table 1 (with complete details 
of the derivation provided in Table S2 (SDC http://links.lww.
com/TXD/A419).

STAR file data for LT recipients transplanted between 2013 
and 2017 were queried (based on Organ Procurement and 

Transplantation Network data as of June 12, 2020). Exclusion 
criteria included age <18 y at the time of transplant, living 
donor transplant, retransplant within 1 y of the initial trans-
plant, and simultaneous liver-kidney transplant. Covariates 
were chosen (Table 2; complete details provided inTable S3, 
SDC, http://links.lww.com/TXD/A419), and univariate analy-
sis of donor and recipient characteristics was performed using 
the Welch t testing for continuous variables and chi-square 
testing for categorical variables. Table S4 (SDC, http://links.
lww.com/TXD/A419) lists the percentage of data missing 
for each covariate. In total, 7.3% of recipients had a missing 
value in at least 1 of the listed covariates and were excluded 
from the study. Sensitivity analyses indicated that multiple 
imputation would not alter results.

To identify covariates with the greatest impact on the model, 
we performed logistic regression using purposeful selection15 
as the multivariable selection technique. Before fitting the 
regression model, model for end-stage liver disease (MELD) 
scores were capped at 40, and cold ischemia times were capped 
at 16 h. Recipient creatinine, international normalized ratio, 
and bilirubin at transplant were omitted from model fitting, 
as these are redundant with MELD. All covariates with a uni-
variate P value of <0.0001 were initially included in model 
fitting but systematically dropped if the maximum P value of 
the variable failed to meet the retention criteria (P < 0.0001) 
and failed to change at least 1 parameter estimate by ≥50%. 
Dropped variables were retested for inclusion. Categorical 
variables were separated into component parts, and if any part 
met the criteria for inclusion in the purposeful selection, the 
entire categorical variable was included in the model. The final 
cutoffs chosen (P < 0.0001 and 50% change in parameter esti-
mate) were selected by iteratively rerunning purposeful selec-
tion with intent to sensibly reduce the model. Least absolute 
shrinkage and selection operator16 technique was then used to 
assess for a further possible reduction of the model using cross-
validation to find the optimal shrinkage value λ, repeatedly 
fitting the model with nine tenths of the data and withholding 
one tenth of the data for the evaluation of λ for 10 iterations 
(Figure S1A, SDC, http://links.lww.com/TXD/A419).

To rank covariates identified in purposeful selection with 
respect to their impact on the model, odds ratios (ORs) with 
95% confidence intervals (CIs) were calculated from the 
regression. Standardized estimates, calculated as the product 
of regression coefficient and SD, were then used to compare 
categorical and continuous variables, with binary indicators 
for categorical variables. Finally, absolute values of standard-
ized estimates were used to rank order variables with respect to 
their impact on the model. Impactful variables were incorpo-
rated as linear predictors into a nomogram for predicting TO 
after LT. The nomogram was validated using bootstrapping 
technique with resampling performed 1000 times. Unselected 
samples were used to generate an averaged receiver operating 
curve and mean C-statistic reflecting predictive accuracy of 
the nomogram (Figure S1B, SDC, http://links.lww.com/TXD/
A419).

Conditional survival analysis was performed using stand-
ard Kaplan-Meier and Cox proportional hazards techniques 
with TO set as the conditional variable. Seventy-two percent 
of the patient cohort had 5-y survival data available and were 
included in the analysis.

Center-level quality was calculated as the ratio of observed 
(O) to expected (E) TO rate, and centers performing <20 liver 

TABLE 1.

Textbook outcome after liver transplantation

Criteria

 No. and %  
of patients 

meeting criteria Median (IQR)

1. Patient and graft survival ≥1 y 23 395 (90.4) –
2. Absence of rejection during first year 

posttransplant
19 983 (77.2) –

3. Length of stay ≤10 d 14 206 (54.9) 10 (7–16)
4. No readmissions during first 6 mo 

posttransplant
19 371 (74.7) –

5. Total bilirubin not >3 during month 
2–12 of follow-up

23 677 (91.5) 0.6 (0.4–0.9)

IQR, interquartile range.
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TABLE 2.

Donor and recipient characteristics in transplants with 
and without textbook outcome

 
Textbook outcome, 
 n (%) or mean [SD]  

 

Yes  
N = 9691  
(37.4%)

No  
N = 16 196  
(62.6%) P

Recipient characteristics    
  Age (y) 57 [10] 55 [11] <0.0001
  Gender   <0.0001
    Male 6920 (71.4) 10 332 (63.8)  
    Female 2771 (28.6) 5864 (36.2)  
  BMI (kg/m2) 28.7 [5.4] 29.0 [6.1] 0.0011
  Ethnicity   <0.0001
    White 7110 (73.4) 11 382 (70.3)  
    Black 784 (8.1) 1529 (9.4)  
    Hispanic 1190 (12.3) 2367 (14.6)  
    Other 607 (6.3) 918 (5.7)  
  ABO   0.1591
    A 3546 (36.6) 5982 (36.6)  
    AB 520 (5.4) 769 (4.8)  
    B 1310 (13.5) 2186 (13.5)  
    O 4315 (44.5) 7313 (45.2)  
  Primary diagnosis   <0.0001
    NASH 1069 (11.0) 1953 (12.1)  
    Alcoholic liver disease 1572 (16.2) 3371 (20.8)  
    Hepatitis B or C 1767 (18.2) 2759 (17.0)  
    Cholestatic liver disease 660 (6.8) 1324 (8.2)  
    Autoimmune liver disease 171 (1.8) 484 (3.0)  
    Metabolic liver disease 229 (2.4) 450 (2.8)  
    Malignant liver disease 3437 (35.5) 3934 (24.3)  
    Graft failure 37 (0.4) 161 (1.0)  
    Acute liver failure 216 (2.2) 674 (4.2)  
    Idiopathic and other 533 (5.5) 1086 (6.7)  
  Diabetic   0.8140
    Yes 2653 (27.4) 4412 (27.2)  
    No 7038 (72.6) 11 784 (72.8)  
  Hx of malignancy   <0.0001
    Yes 2784 (28.7) 3398 (21.0)  
    No 6907 (71.3) 12 798 (79.0)  
  Hx upper abdominal surgery   0.3045
    Yes 5121 (52.8) 8665 (53.5)  
    No 4570 (47.2) 7531 (46.5)  
  Hx of prior liver transplant   <0.0001
    Yes 138 (1.4) 413 (2.6)  
    No 9553 (98.6) 15 783 (97.5)  
  Portal vein thrombosis   0.0004
    Yes 1272 (13.1) 2381 (14.7)  
    No 8419 (86.9) 13 815 (85.3)  
  TIPS   0.0002
    Yes 872 (9.0) 1691 (10.4)  
    No 8819 (91.0) 14 505 (89.6)  
  Dialysis before transplant   <0.0001
    Yes 325 (3.4) 2441 (15.1)  
    No 9366 (96.7) 13 755 (84.9)  
  Waitlist time (d) 274 [413] 242 [420] <0.0001
  Karnofsky fxn status at Tx   <0.0001
    0%–40% 2783 (28.7) 8312 (51.3)  
    50%–70% 4684 (48.3) 5920 (36.6)  
    80%–100% 2224 (23.0) 1964 (12.1)  

  Pre-Tx medical condition   <0.0001
    In ICU 536 (5.5) 3193 (19.7)  
    Hospitalized, not ICU 1205 (12.4) 3777 (23.3)  
    Not hospitalized 7950 (82.0) 9226 (57.0)  
  Intubated before transplant   <0.0001
    Yes 102 (1.1) 1151 (7.1)  
    No 9589 (99.0) 15 045 (92.9)  
  Ascites   <0.0001
    Absent 3225 (33.3) 3833 (23.7)  
    Slight 4186 (43.2) 6787 (41.9)  
    Moderate-severe 2280 (23.5) 5576 (34.4)  
  Encephalopathy (grade)   <0.0001
    None 4366 (45.1) 5371 (33.2)  
    1–2 4712 (48.6) 8389 (51.8)  
    3–4 613 (6.3) 2436 (15.0)  
  MELD at transplant 19 [10] 25 [12] <0.0001
    Total bilirubin at Tx (mg/dL) 6.1 [8.7] 11.0 [12.5] <0.0001
    Serum Cr at Tx (mg/dL) 1.2 [0.8] 1.5 [1.1] <0.0001
    INR at Tx 1.8 [1.0] 2.1 [1.4] <0.0001
  Exception cases   <0.0001
    HCC 3330 (34.4) 3018 (18.6)  
    Non-HCC 6361 (65.6) 13 178 (81.4)  
  Serum albumin 3.2 [0.7] 3.1 [0.7] <0.0001
Donor characteristics    
  Age (y) 42 [16] 42 [16] 0.0773
  BMI (kg/m2) 28.1 [6.7] 28.0 [6.6] 0.1728
  Cold ischemia time (h) 6.0 [2.4] 6.3 [2.4] <0.0001
  DCD   0.0050
    Yes 696 (7.2) 1018 (6.3)  
    No 8995 (92.8) 15 178 (93.7)  
  Allocation type   <0.0001
    Local 6900 (71.2) 10 216 (63.1)  
    Regional 2410 (24.9) 5256 (32.5)  
    National 381 (3.9) 724 (4.5)  
  Increased risk donor   0.0721
    Yes 2340 (24.2) 3752 (23.2)  
    No 7351 (75.9) 12 444 (76.8)  
  Donor w/ clinical infection   <0.0001
    Yes 6968 (71.9) 12 005 (74.1)  
    No 2723 (28.1) 4191 (25.9)  

BMI, body mass index; Cr, creatinine; DCD, donation after circulatory death; fxn, function; HCC, 
hepatocellular carcinoma; Hx, history; ICU, intensive care unit; INR, international normalized 
ratio; MELD, model for end-stage liver disease; NASH, nonalcoholic steatohepatitis; SD, 
standard deviation; TIPS, transjugular intrahepatic portosystemic shunt; Tx, transplant; /w, with.

TABLE 2. (Continued)

Donor and recipient characteristics in transplants with 
and without textbook outcome

 
Textbook outcome,  
n (%) or mean [SD]  

 

Yes  
N = 9691  
(37.4%)

No  
N = 16 196  
(62.6%) P

Continued next page

transplants per year were excluded from analysis. Expected 
log odds of TO for each center were calculated on the basis 
of averaging the patient-level expected values from the pur-
poseful selection logistic regression model. Bootstrapping was 
used to calculate 95% CIs for the O:E ratio, using 1000 boot-
strap samples stratified by center. Margins of error for each 
center were based on half differences between the 2.5th and 
97.5th bootstrap percentiles. SAS (9.4 TS1M3, Cary, NC) and 
R software (R 3.6.1, Vienna, Austria) were used for analyses. 
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Patient-level identifiers were not used in the analyses, and this 
study was exempt from institutional review board approval.

RESULTS

A total of 25 887 adults who received liver transplants 
between 2013 and 2017 and had complete UNOS STAR file 
data were included in the study. TO after LT (Table 1) was 
defined as (1) patient and graft survival ≥1 y, (2) absence of 
rejection episodes during the first year posttransplant, (3) 
length of stay for the transplant admission ≤10 d, (4) no read-
missions during the first 6 mo posttransplant, and (5) total bil-
irubin not >3 mg/dL during months 2 to 12 of follow-up. TO 
was achieved in 37.4% (95% CI, 36.8%-38.0%) of LT recipi-
ents. Excessive length of stay and early readmission accounted 
for the vast majority of non-TOs (Figure  1). Patient death, 
graft loss, and significant hyperbilirubinemia accounted for 
the minority of non-TOs, whereas treatment for rejection was 
identified in just >20% of LT recipients.

Univariate analyses of both categorical and continuous 
variables are presented in Table 2. LT recipients with TO were 
slightly older (57 versus 55), more commonly male (71% 
versus 29%), and more frequently associated with White or 
“other” ethnicity. Recipients with malignant liver disease or 
hepatitis (B or C) had a higher likelihood of achieving TO. 

History of prior upper abdominal surgery did not change 
probability of TO; however, history of transjugular intrahe-
patic portosystemic shunt, portal vein thrombosis, or prior 
liver transplant all negatively impacted likelihood of TO. 
Factors associated with critical illness, including intensive care 
unit (ICU) status, high MELD, pretransplant dialysis, intu-
bated state, marked ascites, severe encephalopathy, or reduced 
Karnofsky functional status at the time of transplant, reduce 
probability of TO. Donor characteristics associated with TO 
include short cold ischemia time, local allocation, absence of 
donor infection, and brain-dead donor type.

The top 9 covariates associated with TO in multivariable 
modeling are shown in Table 3. ICU status (OR, 1.71; 95% 
CI, 1.50-1.96; P < 0.0001), high MELD (OR, 0.98; 95% CI, 
0.97-0.98; P < 0.0001), pretransplant dialysis (OR, 1.73; 
95% CI, 1.50-1.98; P < 0.0001), and reduced Karnofsky 
functional score (OR, 1.58; 95% CI, 1.44-1.73; P < 0.0001) 
were strongly correlated with decreased odds of TO. Gender 
was the only demographic recipient characteristic not asso-
ciated with disease severity that factored prominently in the 
model. Long cold ischemia time and national allocation were 
the donor variables most strongly associated with reduced 
odds of TO. These 9 covariates were then integrated into the 
nomogram shown in Figure 2. Internal validation with boot-
strapping yielded a C-statistic of 0.68 (Figure S1, SDC, http://
links.lww.com/TXD/A419, displays least absolute shrinkage 
and selection operator reduction analysis (A) and averaged 
receiver operating curve curve (B)). As shown in Figure 2C, 
critically ill patients with low nomogram point scores and 
high MELD are least likely to experience a TO.

Conditional survival analysis with TO as the conditional 
variable was used to validate TO as a relevant clinical qual-
ity metric. LT recipients who achieved TO had significantly 
increased survival 5 y posttransplant (Figure 3); the hazard 
ratio (HR) for death at 5 y for patients who do not experience 
TO is 1.22 (95% CI, 1.11-1.34; P ≤ 0.0001). Component parts 
of TO were also analyzed individually. The HR for death was 
1.18 (95% CI, 1.04-1.34) for patients experiencing rejection, 
1.25 (95% CI, 1.14-1.37) for patients with a length of stay 
exceeding 10 d, 1.11 (95% CI, 0.99-1.24) for patients with 
readmission during the first 6 mo posttransplant, and 2.22 
(95% CI, 1.81-2.72) for patients with bilirubin ≥3 mg/dL dur-
ing months 2 to 12 posttransplant.

The logistic regression model informing the nomogram pro-
vides an E TO rate at each level of patient complexity, in which 
low nomogram point scores reflect the complexity of sicker 
higher MELD patients. To enable center-level comparisons 

FIGURE 1.  National TO rate by individual quality domain is shown. 
TO after liver transplantation in a national cohort of 25 877 recipients 
is shown. Bars represent percentage of recipients achieving the 
threshold for TO in each quality domain. Line represents cumulative 
percentage TO achieved across all quality domains. LOS, length of 
stay; TO, textbook outcome.

TABLE 3.

Multivariable model of TO after liver transplantation

Variable Comparison OR for TO (95% CI) Absolute value of standardized estimate

Pre-Tx medical condition Not hospitalized vs hospitalized in ICU 1.711 (1.496-1.957) 0.1399
MELD 1 pt increase in MELD score 0.978 (0.974-0.981) 0.1329
Dialysis Not on dialysis vs on dialysis 1.726 (1.504-1.982) 0.0930
Karnofsky fxn status at Tx 80%–100% vs 0%–40% 1.578 (1.442-1.726) 0.0926
Intubated Not intubated vs intubated 2.087 (1.660-2.623) 0.0871
Encephalopathy Absent vs grade 3–4 1.301 (1.165-1.452) 0.0702
Cold ischemia time 1 additional hour 0.956 (0.944-0.968) 0.0551
Gender Female vs male 0.817 (0.771-0.865) 0.0525
Allocation type National vs local 0.738 (0.646-0.843) 0.0338

CI, confidence interval; fxn, function; ICU, intensive care unit; MELD, model for end-stage liver disease; OR, odds ratio; pt, patient; TO, textbook outcome; Tx, transplant.
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and account for the average-case complexity at each center, 
expected odds of TO were calculated for the patient cohort 
associated with each center and compared with the O TO rate 
for that center (Figure 4A). Thirty-one percent of centers are 
identified as overperforming (O:E TO rate >1 with ≥95% con-
fidence), and 21% of centers are identified as underperforming. 
Only weak correlation is observed between transplant center 
volume and center TO rate (Figure 4B), indicating that both 
low- and high-volume transplant centers are capable of offering 
high-quality transplant care.

DISCUSSION

When applying TO to a new surgical procedure, it is first 
necessary to define the ideal course after that operation. We 

convened a multidisciplinary group of medical and surgical 
LT providers at our institution to brainstorm relevant out-
comes. The initial list generated bore a striking resemblance 
to benchmarks previously reported by Muller et al17 and pre-
viously studied by others,18-20 including mortality, graft loss, 
length of ICU and hospital stay, complications including bil-
iary tract complications and hepatic artery thrombosis, vol-
ume of intraoperative blood transfusion, and need for renal 
replacement therapy. This ideal list was reshaped by necessity, 
as highly granular data (eg, volume of intraoperative blood 
transfusion) are not present in the national UNOS data set, 
highlighting a well-recognized need for better data collection 
in transplantation.21-23 Readmission turned out to be the most 
reliable catch-all for surgical complications, and likewise, bili-
rubin >3mg/dL between months 2 and 12 posttransplant was 

FIGURE 2.  Nomogram for predicting probability of TO. A, Point assignments for nomogram predicting probability of TO. B, Scale for conversion of 
point score to probability (%). C, Probability of TO plotted by total nomogram point score (left y-axis) with individual clinical outcomes (TO [green] or 
non-TO [red]) by MELD overlaid (right y-axis). ICU, intensive care unit; MELD, model for end-stage liver disease; TO, textbook outcome; Tx, transplant.
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the most reliable method to detect significant biliary compli-
cations. In keeping with the patient-centric intention of TO, 
we felt it necessary to include rejection, as this can cause psy-
chological distress to recipients.24

When we applied our definition of TO after LT to a large 
contemporary national cohort of LT recipients, 37.4% of 
patients experienced a TO. In multivariable analysis, top 
determinants of TO (ICU status, MELD, pretransplant dial-
ysis) were all associated with disease severity, suggesting, as 
expected, that TO is most difficult to achieve in critically ill 
recipients. It is critically important to note that many non-TOs 
are still of enormous benefit to the LT recipient. In contrast to 
surgical oncology, where an incomplete resection with posi-
tive margins may negate the benefit of the operation, failure to 
achieve TO in LT because of a single readmission or rejection 
episode does not negate the value of lifesaving surgery.

Recently, Moris et al25 studied TO in 231 liver transplant 
recipients at their institution. Like ours, their definition of TO 
included patient and graft survival, length of stay, readmis-
sion, and rejection and also included numerous elements not 
measurable in the UNOS data set, including ICU readmission, 
intraoperative complications, early allograft dysfunction, and 
transfusion requirements. They report an overall TO rate of 
31%, and in their small single-institution cohort, they were 
unable to demonstrate differences in overall or rejection-free 
survival. In our 5-y national cohort, we are able to demon-
strate significantly increased 5-y survival for LT recipients 
who achieve TO (HR for death = 1.22 in non-TO recipients), 
and these data are consistent with reports of diminished over-
all survival after esophagectomy (HR, 2.38) and gastrectomy 
(HR, 2.58)2 for patients who do not experience TO. The 
opportunity for transplant centers to use a composite qual-
ity metric predictive of survival, rather than survival alone, 
offers important opportunities for quality-directed healthcare 
delivery.

A link between TO and cost is established in hepatopan-
creatic surgery, in which Medicare payments among patients 
who achieved TO were markedly lower than among patients 
who did not, indicating that TO may also be a surrogate for 
value.6 Similarly, Moris et al25 report approximately $60 000 
less in total hospital charges for LT recipients who experi-
enced a TO. We have not yet analyzed costs in our national 
data set.

Great care must be taken when using the patient-level met-
ric of TO as a center-level comparator. As Figure 2C illustrates, 
both low- and high-MELD patients achieve TO; however, low 
MELD strongly favors TO. These data clearly indicate that 
the application of TO as a center-level quality metric requires 
adjustment for case complexity. Aggressive transplant centers 
using donation after circulatory death and nonideal donors 
and routinely caring for high-acuity recipients have lower 
unadjusted center TO rates. Our goal is to measure quality 
across the spectrum of liver disease, enable equitable compari-
sons between centers, and do nothing that might discourage 

FIGURE 3.  Five-year conditional survival analysis for liver transplant 
recipients who have and have not achieved a TO. CI, confidence 
interval; HR, hazard ratio; TO, textbook outcome.

FIGURE 4.  O:E TO rates by center as a function of (A) center-level average-case complexity and (B) center volume. Overperforming and 
underperforming centers have O:E ratios >1 or <1 with 95% confidence. O:E, observed:expected; TO, textbook outcome.
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transplantation of critically ill patients. Acknowledging the 
limitations of MELD as a single variable,26,27 we incorporate 9 
variables predictive of TO in our risk adjustment. We find that 
quality, as measured by O:E center-level TO rates, is deliv-
ered to both low- and high-acuity patients by many transplant 
centers independent of case volume. These results are consist-
ent with our goal of associating quality with all patients who 
experience a successful, efficient, and uncomplicated liver 
transplant. The O:E methods that we use are analogous to 
those used by the Centers for Medicare and Medicaid Services 
to compare quality across hospitals.28

By whom and how should TO be used? First and foremost, 
TO offers an opportunity for transplant programs to compare 
themselves, on a risk-adjusted basis, with peer institutions and 
identify target areas, in which they can improve patient expe-
rience. Even high-performing institutions will find domains 
within the composite outcome in which there is room for 
performance improvement. Many centers seeking to improve 
internal quality using our definition of TO would focus on 
length of stay and readmission.

For potential LT recipients, TO offers opportunity to use 
their own pretransplant characteristics to calculate the prob-
ability of having both a “smooth” perioperative course and 
enhanced 5-y survival. It is critical to note that not every qual-
ity metric should be co-opted as a regulatory metric. In kidney 
transplantation, it is well established that regulatory flagging 
decreases kidney offer acceptance and may actually decrease 
access to transplantation.29 Many authors note the precarious 
balance wherein regulatory monitoring can inadvertently dis-
courage transplantation of higher-risk candidates.30,31 Similar 
concerns apply if payers choose to co-opt TO. Almost all 
transplants, regardless of TO status, are both lifesaving and 
cost-saving.32-34

Our work has several limitations. First, definitions of 
TO are admittedly arbitrary, and reaching professional 
consensus may be an iterative process. Our definition was 
formulated at our institution, and a national provider sur-
vey may be necessary to refine this definition. Second, in its 
truest form, TO is a patient-centric metric. We are actively 
working to correlate TO with patient-reported outcome 
data; however, we have not yet established this link. Finally, 
current liver transplant metrics publicly reported by the 
Scientific Registry of Transplant Recipients include a 5-tier 
quality score calculated in the domains of waitlist survival, 
transplant rate, and 1-y liver survival.35 Within the trans-
plant community, there is now widespread recognition that 
access to transplantation,36 quality of care for waitlisted 
patients,37 and time to transplant38 are as important as the 
peritransplant and posttransplant experience, and these 
factors undoubtedly contribute to patients’ perception of 
an ideal transplant experience. In some fields, “front end” 
variables, such as time from initial consult to colonoscopy,10 
have been incorporated into the definition of TO. At pre-
sent, it is necessary to omit waitlist survival and transplant 
rate from center-level definitions of TO because of inade-
quate data addressing the burden of liver disease in different 
geographic regions,39 lack of standardized listing practices 
across centers,40-42 inequity in access to care,43,44 and vari-
ability in organ procurement organization practice.45,46 
Nonetheless, our definition of TO in LT will improve when 
we are able to incorporate comprehensive data reflective of 
the entire transplant experience.

In summary, as patient and graft survival rates after LT con-
tinuously rise, quality improvement initiatives demand more 
meaningful measures of quality. We propose a novel definition 
of TO after LT, report a national TO rate of 37.4%, demon-
strate that TO is predictive of long-term survival, and suggest 
that TO can be equitably applied as a center-level comparator.
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