Liver Transplantation

Resources Utilization After Liver Transplantation
in Patients With and Without Hepatopulmonary
Syndrome: Cleveland Clinic Experience

Jacek B. Cywinski, MD," Natalya Makarova, MS,? Andrea Arney,® Qiang Liu, MD,* Masato Fujiki, MD,*
K. V. Narayanan Menon, MD,® and Cristiano Quintini, MD*

Background. Patients with hepatopulmonary syndrome (HPS) reportedly experience posttransplant morbidity and require
more resources to care during perioperative period. The exact incremental increase of resources utilization compared with non-
HPS population remains unknown. Methods. In this single-center retrospective investigation, we compared the periopera-
tive resources utilization of HPS patients undergoing orthotopic liver transplant (n=28) to cohort without HPS (n=739). Potential
confounding variables were adjusted in the analysis and the multivariable log-linear regression were used. Results. The
overall hospital costs for HPS patients were about 27 % higher compared with non-HPS patients (the ratio of geometric means,
1.27; 98.3% confidence interval, 1.09-1.47; P<0). HPS diagnosis was independently associated with both longer intensive
care unit stay (P<0.001) and hospital stay (P<0.001). The odds of being discharged to extended care facility were about
15 times higher for HPS patients comparing to non-HPS patients (odds ratio, 14.9; 97.5% confidence interval, 4.98-44.29;
P<0.001). There were no differences observed in odds of being readmitted to the hospital within 6 mo after the transplant
(P=0.75). Conclusions. HPS diagnosis was associated with longer intensive care unit stay, hospital stay, and increased

hospital cost, together with higher odds of being discharged to extended care facility compared with non-HPS patients.
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rthotopic liver transplantation (OLT) remains the only

definitive treatment option for the patients with end-
stage liver disease. OLT requires significant resources and it
is believed that significant comorbidities of transplant candi-
dates add to the overall cost of care of the patients under-
going OLT.! Hepatopulmonary syndrome (HPS) is defined
as poor arterial oxygenation caused by intrapulmonary vas-
cular dilatations and intrapulmonary shunting associated
with liver disease. HPS of varying severity has been found
in 10%-32% of patients with cirrhosis being evaluated for
liver transplantation.?® It is diagnosed by presence of arte-
rial deoxygenation, intrapulmonary vascular dilatations, and
liver disorder.> Currently, the only established treatment for
HPS is OLT. To improve survival in patients with HPS, start-
ing from 2002, HPS patients with the partial pressure of arte-
rial oxygen <60 mm Hg are allocated extra (exception) points
to model for end-stage liver disease.* It seems that after this
prioritization of HPS patients on the waiting list, long-term
survival in HPS patients improved as compared to earlier
(before 2002) HPS transplants.® Interestingly survival after
liver transplant was not associated with partial pressure of
arterial oxygen levels at the time of HPS diagnosis.® Despite
established survival benefit, HPS patients undergoing OLT
may require long intensive care unit (ICU) and hospital stay
and extensive postoperative respiratory rehabilitation, all of
which conceivably increase resource utilization.® Based on the
report by Gupta et al,® patients with diagnosis of HPS experi-
enced substantial posttransplant morbidity, mainly related to
respiratory complications. Authors, however, did not quan-
tify the incremental increase of resources utilization needed
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to provide perioperative care for these patients as compared
with non-HPS population. Our investigation is intended to fill
this gap in knowledge and inform clinicians about additional
resources required to provide care for HPS patients after OLT.
This information may help liver transplant centers to decide
if they are able and willing to provide care for these unique
patient populations and expedite the referral to the centers
that are capable/willing to afford needed resources.

Our primary aim was to quantify the perioperative
resources utilization in HPS patients undergoing OLT and
compare to matched cohort without diagnosis of HPS who
were transplanted at our institution.

MATERIALS AND METHODS

This retrospective study was approved by Cleveland Clinic
Institutional Review Board (number 16-992). The need for
the informed consent from individual patients was waived.

Specifically, we compared overall cost of the hospital stay
(the cost of ICU and hospital stay) and posttransplant hospi-
talization (length of post-OLT intensive unit stay and hospital
stay), as well as posthospital discharge disposition and need
for hospital readmissions within 6 mo after transplant. We
believe that findings of this study may help transplant cent-
ers to better predict resources needed to provide perioperative
care for HPS patients undergoing OLT.

We also reported graft failure and in-hospital mortality for
both study groups without formal comparison.

Study Population

All adult patients (>18 y old), who underwent OLT at the
Cleveland Clinic from January 1, 2005, to June 1, 2016, were
included in this retrospective investigation. We obtained base-
line and outcome data on 789 adult patients undergoing liver
transplant from Transplant Center Database: Electronic Data

789 (100%) liver transplant
surgeries in adult patients (>18
yrs) at Cleveland Clinic Main
Campus between January 1,
2009 and December 31, 2015
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Interface for Transplantation. Intraoperative data were obtained
from Perioperative Health Data System and resources utilization
data were retrieved from Departmental Operating Statements.

Patients who had diagnosis of HPS at the time of the liver
transplant were identified via Electronic Data Interface for
Transplantation. We excluded patients who underwent mul-
tivisceral transplantation or for acute hepatic failure, retrans-
plantations, and patients with incomplete records (Figure 1).
None of the patients were on extracorporeal membrane oxy-
genation pretransplantation or posttransplantation. No dif-
ference existed between these patients in model for end-stage
liver disease exception.

Cost primary outcome included all technical and profes-
sional as well as direct and indirect costs. We inflated the
in-hospital cost of the 2009-2014 cases to 2015 US dollars.
Since the cost information is confidential and proprietary
for the Cleveland Clinic, we report percentage of total cost
between 2 groups instead of reporting actual dollar amount.

Statistical Analysis

First, balance on potential confounding variables between
HPS and non-HPS patients was evaluated by using standard
univariable summary statistics as well as by using absolute
standardized difference scores (absolute difference in means,
mean ranking, or proportions, divided by a pooled estimate
of SD among the 2 groups). Potential confounding variables
exhibiting a standardized difference score of 0.107 or greater
are supposedly imbalanced. All the variables listed in Table 1
were used for adjustment in all subsequent analyses. SAS 9.4
statistical software, Cary, NC was used for all analyses.

Primary Analysis

A logarithmic transformation of overall in-hospital cost
were performed before analysis to meet modeling assump-
tions. The multivariable log-linear regression were used to

( 15 (2%) re-transplant surgeries

[ 774 (98%) surgeries ]

1

7 (1%) missing either recipient’s
BMI, MELD score, preoperative

A
[ 767 (97%) surgeries J

v

comorbidities, smoking status, or
primary diagnosis or donor info

FIGURE 1. Flow chart of patient selection. BMI, body mass index; MELD, Model for End-stage Liver Disease.
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The demographic, baseline, and intraoperative characteristics for patients with and without hepatopulmonary syndrome
(N=767)

Factor HPS group (N=28) Non-HPS group (N=739) ASD?
Donor info
Donor risk index 2.7+0.79 2.7+0.80 0.01
Donor age, y 40+16 41+15 0.08
Donor height, cm 169+12 172+11 0.23
Donor race 0.33
White 21(75) 597 (81)
Black 7(25) 118 (16)
Other 0(0.0) 24 3.2
Donor cause of death 0.39
Anoxia 11 (39) 232 (31)
CVA/stroke 10 (36) 214 (29)
Head trauma 6 (21) 200 (27)
Other 1(3.6) 93 (13)
Donation after circulatory death 3(11) 84 (11) 0.02
Cold ischemic time, h 6.7+1.6 6.5+2.1 0.07
Whole graft (whole) 25 (89) 647 (88) 0.05
Graft location 0.16
Local 17 (61) 394 (53)
Regional 10 (36) 306 (41)
National 1(3.6) 39 (6.3
Recipient info
Recipient age, y 59+7.5 56+9.9 0.26
Recipient gender, female 10 (36) 234 (32) 0.09
Recipient BMI 29+57 29+6.8 0.01
Chemical MELD score at transplant 12+3.1 20+10.1 1.06
Primary diagnosis 0.64
Hepatitis induced cirrhosis 7(25) 214 (29)
Alcoholic cirrhosis 8(29) 170 (23)
NASH cirrhosis 6(21) 137 (19)
PSC 0(0.0) 58 (7.9)
PBC 1(3.6) 39(6.3)
Cryptogenic cirrhosis 3(11) 35(4.7)
Autoimmune cirrhosis 1(3.6) 15(2)
Acute liver failure 0(0.0) 9(1.2)
Others 2(7.1) 62 (8.4)
Medical history
Hepatocellular carcinoma 7(25) 252 (34) 0.20
Hypertension 17 (61) 364 (49) 0.23
Encephalopathy 20 (71) 530 (72) 0.01
Ascites 1(3.6) 167 (23) 0.59
Hepatorenal syndrome 0(0.0) 112 (15) 0.60
Pulmonary hypertension 7(25) 56 (7.6) 0.49
CAD 7(25) 127 (17) 0.20
Diabetes on insulin 4(14) 111 (15 0.03
Dialysis 1(3.6) 92 (12) 0.34
Smoking 17 (61) 427 (58) 0.06
Arrhythmia 0(0.0) 41 (5.5) 0.35
Surgery duration, min® 600+138 604 +128 0.13
Surgery y 0.57
2009 22 108 (98)
2010 6 (5) 105 (95)
2011 22 99 (98)
2012 54) 118 (96)
2013 6 (5) 105 (95)
2014 6 (5) 104 (95)
2015 1(1) 100 (99)
Blood loss, L 3.5(2.0-5.5) 5.0 (2.4-10) 0.31
RBC transfused, L 1.4(0.68-2.1) 2.1(1.04-3.5) 0.42
FFP transfused, L 0.66 (0.0-2.0) 1.05(0.0-2.2) 0.14
Platelets transfused, U 1.0 (0.0-3.5) 2.0 (0.0-4.0) 0.10
Cryoprecipitate, mL 0.00 (0.0-262) 0.00 (0.0-256) 0.01

4f ASD>0.2, 2 groups are considered as imbalanced.

"Time period between start and end of case including anesthesia and preparation time.

Summary is presented as mean +SD, median (1st quartile—3rd quartile), or N (%), as appropriate.

ASD, absolute standardized difference; BMI, body mass index; CAD, coronary artery disease; CVA, cerebrovascular accident; FFP, fresh frozen plasma; HPS, hepatopulmonary syn-
drome; MELD, Model for End-stage Liver Disease score; NASH, nonalcoholic steatohepatitis; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; RBC, red blood cell.
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compare overall in-hospital costs between HPS and non-HPS
patients. The ratio of geometric means comparing HPS to
non-HPS patients along with 98.3% confidence interval were
reported.

The multivariable Cox proportional hazard regression®
was employed to assess the relationship between HPS status
and hospital lengths of stay to account for patient’s survival
information. Discharges for patients who died in hospital
were considered as failures, with time censored at the worst
observation (longest length of stay) in the analysis. The haz-
ard ratios (time to discharge alive comparing HPS to non-HPS
patients) were reported along with 98.3% confidence interval.

To compare length of ICU stay for 2 study groups, the sur-
vival analysis were implemented in same manner as for hos-
pital length of stay. Discharges for patients who died in ICU
were considered as failures, with time censored at the worst
observation (longest ICU stay).

A Bonferroni correction for multiple testing was applied
and a significance criterion of 0.05/3 tests=0.017 was used
to control the overall type I error of the primary hypotheses
at 5% level. Model-based Wald tests were used for formal
primary hypothesis testing.

Secondary Analysis

To compare posthospital discharge dispositions (extended
care facility [ECF] versus home) between 2 study groups, the
multivariable logistic regression was used. The odds ratio of
discharge to ECF comparing HPS and non-HPS patients along
with the 97.5% confidence interval was reported.

We planned to assess the relationship between study groups
and incidence of hospital readmissions within 6 mo after trans-
plant by a logistic regression model. The odds ratio of hospital
readmission comparing HPS and non-HPS patients along with
the 97.5% confidence interval was planned to be reported.

Only patients discharged alive from the hospital were used
for both secondary analyses. A Bonferroni correction for mul-
tiple testing was applied and a significance criterion of 0.05/2
tests=0.025 was used for each secondary hypothesis to control
the overall type I error of the secondary hypotheses at 5% level.

We also reported the incidence of graft failure and in-hospi-
tal mortality for HPS and non-HPS patients without formally
comparing 2 study groups.

Power Consideration

We used all available patients going through the OLT
between January 1, 2005, and June 1, 2016. Planning the
study, we anticipated having around 1000 OLT patients that
satisfy inclusion and exclusion criteria of the study with about
70 (7%) HPS patients.

The power calculation was based on the primary outcome
of in-hospital cost since it is assumed to reflect longer ICU
and hospital stay and utilization of additional procedures and
resources. Given total sample size of 767 including 28 (3.7%)
HPS patients and assuming cost coefficient of variation of 0.6
(mean/SD), we had about 92% power to identify 1.5 ratio of
geometric means costs comparing HPS to non-HPS patients at
0.017 level of significance.

RESULTS

We obtained data for 767 liver transplant patients
(Figure 1), including 28 patients (3.7 %) with and 739 patients
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(96.3%) without HPS. The summary of the recipient’s demo-
graphic and baseline characteristics, intraoperative data, and
donor info are reported in Table 1.

The overall hospital costs for HPS patients were about 27%
higher compared with non-HPS patients (the ratio of geometric
means, 1.27; 98.3% confidence interval, 1.09-1.47; P<0). HPS
diagnosis was independently associated with both longer ICU
stay (P<0.001; significance criterion of 0.017) and lengthier
hospital stay (P<0.001; significance criterion of 0.017) with
significance criterion of 0.017 (Tables 2 and 3). Distribution
of technical, professional, direct, and indirect costs in HPS and
control groups is presented in Table 4.

The results on secondary analyses with supplementary out-
comes are presented in Table 5. The odds of being discharge
to ECF were about 15 times higher for HPS patients compar-
ing to non-HPS patients (odds ratio, 14.9; 97.5% confidence
interval, 4.98-44.29; P<0.001). There were no differences
observed in odds of being readmitted to the hospital within
6 mo after the transplant (P=0.75). We observed 48 patients
who experienced either graft failure (29) and/or in-hospital
death (32) or both after liver transplant.

DISCUSSION

Medical care for the patients undergoing liver transplanta-
tion requires considerable amount of resources. Conceivably,
patients with significant comorbid conditions may consume
disproportionally more healthcare resources because of
increased posttransplant morbidity. Although this notion is
intuitively sound, there is limited data exploring the incre-
mental increase of the resources utilization in patients with
certain comorbid conditions. This information could be help-
ful for transplant programs to determine if they are capable to
take care of more complex patients. HPS is reported to affect
10%-32% of patients with cirrhosis being evaluated for liver
transplantation®’; however, there is limited data available
regarding overall expanse of providing care for these patients
when they undergo OLT. This investigation attempted to fill
the gap in knowledge about the cost of care for HPS patients
undergoing OLT relative to matched cohort. The biggest prob-
lem with estimation of the cost of care is the fact that actual
dollar amount spent by individual institution is confidential,
proprietary, and governed by local factors that are not pub-
licly available. Therefore, there is paucity of publicly available
reports regarding actual cost of care of medically complex
organ recipients, such as patients with HPS. It is unlikely that
any institution will be willing to disclose actual expense spent
on taking care of HPS patients; however, analysis of propor-
tional comparison of the total expenditure including techni-
cal, professional, direct, and indirect cost between HPS and
non-HPS patients in the same institution may provide the
guidance about resource utilization irrespective of the actual
dollar amount.

Our analysis showed that HPS patients had significantly
higher overall technical and professional, direct and indi-
rect cost by 27% compared with non-HPS patients even
after accounting for number of potential confounding fac-
tors. Essentially all cost categories were higher in HPS group;
however, for majority of them, incremental increase was
modest. On the other hand, nursing cost was 6 times higher
as well as cost of respiratory care was 2.6 times higher for
HPS patients, which was not surprising given the fact that
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Primary analysis —associations between HPS status and cost (N=767)

Cost primary outcome

Total cost, including technical and professional,
direct and indirect, in December 2015 dollars
Organ acquisition
Professional
Surgical services
Pathology laboratory
Nursing
Pharmacy
Respiratory pulmonary
Imaging diagnostic
Other

% of total Ratio of geometric means?
cost (N=767) (98.3% CI)® (HPS vs not HPS) P

100% 1.27 (1.09-1.47) <0.001
37.9% 1.18 (0.93-1.51)

18.8% 1.29 (1.09-1.53)

12.7% 1.03 (0.93-1.16)

9.6% 1.24 (1.04-1.48)

8.7% 6.09 (2.38-15.62)

7.8% 1.36 (1.06-1.75)

0.7% 2.61(1.87-3.62)

0.7% 1.58 (1.15-2.16)

2.3% 1.53 (1.21-1.92)

aThe multivariable log-linear regression were used. All potential factors listed in Table 1 were adjusted for.

The significance criterion was P<0.017 (ie, 0.05/3, Bonferroni).
Raw data are reported as median (1st quartile—-3rd quartile).
Cl, confidence interval; HPS, hepatopulmonary syndrome.

Primary analysis—associations between HPS status and time to ICU and hospital discharge (N=767)

Yes (N=28)
Hospital stay primary outcomes Discharge alive Days to discharge®
ICU discharge 28 (100%) 9.5 (2-18.5)
Hospital discharge 27 (96%) 14 (11-28)

HPS group
No (N=739) HR* (98.3% CI)"
Discharge alive Days to discharge® (HPS vs not HPS) P
711 (96%) 3(2-5) 0.38(0.23-0.63)  <0.001
708 (96%) 11 (8-18) 0.38(0.22-0.64)  <0.001

aThe multivariable Cox proportional hazards regressions were used. All potential confounding covariables listed in Table 1 were adjusted for.

"The significance criterion was P<0.017 (ie, 0.05/3, Bonferroni).

‘The summary statistics were median (Q1—Q3) for patients who were discharged alive from ICU/hospital. We assessed the relationship by Cox proportional hazards regres-
sions, in which patients dying before discharge were considered as failures in the analysis and censored at time of longest observation of any patient.

Summary is presented as N (%) or median (1st quartile—3rd quartile), as appropriate.

Cl, confidence interval; HPS, hepatopulmonary syndrome; HR, hazard ratio; ICU, intensive care unit.

HPS patients required more complex medical care, longer
ICU, and hospital length of stay. Importantly cost of these
resources as a proportion of the overall perioperative cost was
relatively low (8.7% and 7.8%, respectively), which means
that although HPS patients require overall more resources,
the biggest proportional increase is consumed by services with
relatively low contribution to total cost of care. Our analysis
demonstrated that HPS patients required longer ICU stay and
lengthier hospital stay, which did translate on large increase
of total expenditure as compared with non-HPS patients. It
seemed that median ICU stay of HPS patients was almost 3
times longer compared with non-HPS patients, which was
most likely related to more complex respiratory care, how-
ever incremental increase in median length of hospital stay
was only 3 d, which may be explained by the fact that HPS
patients were 15 times more likely to be discharged to ECF
as opposed to home. Although we did not analyze the dura-
tion and cost of the ECF in both groups, it seems plausible
that more resources needed to be allocated to cover expenses
of ECF in HPS group based on the fact that 61% of these
patients were discharged there.

To the best of our knowledge, this is the first report com-
paring resources utilization between HPS and matched non-
HPS liver transplants. Although we found significantly higher

overall cost, it seems to be acceptable given complexity of
these patients. Results of this analysis can be used by other
institutions to aid the decision-making process when accept-
ing HPS candidates to their programs.

We duly recognize limitations of this analysis: as with any
and all retrospective studies, our ability to adjust for poten-
tial confounding factors is limited to available data. Although

Distribution of technical, professional, direct, and indirect
costs in HPS and control groups

% of total cost

HPS group
Cost primary outcomes Yes (N=28) No (N=739)
Total cost 100% 100%
Technical costs
Direct costs 62% 65%
Indirect costs 20% 18%
Professional costs
Direct costs 13% 13%
Indirect costs 5% 4%

HPS, hepatopulmonary syndrome.
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Secondary analysis—associations between HPS status and discharge disposition and hospital readmission rate within

6 mo (N=767)
HPS group OR? (97.5% Cl)®

Outcomes Yes (N=28) No (N=739) (HPS vs not HPS) P
Secondary outcomes

Discharge dispositions (ECF vs home) 17 (61) 205 (28) 14.9 (4.98-44.29) <0.001

Hospital readmissions within 6 mo after transplant surgery 16 (57) 386 (52) 1.15(0.40-2.98) 0.75
Supplementary outcomes®

Graft failure 0(0) 29(3.9

In-hospital mortality 1(3.5) 31 (4.2

The multivariable logistic regression was used. All covariables listed in Table 1 were adjusted for.
"The significance criterion for secondary hypotheses was P< 0.025 (ie, 0.05/2, Bonferroni).

‘Supplementary outcomes were reported without formal comparison.
Summary is presented as N (%).

Cl, confidence interval; ECF, extended care facility; HPS, hepatopulmonary syndrome; OR, odds ratio.

we accounted for potential confounding effects of 31 factors,
residual bias due to uncontrolled confounding variables may
remain and cannot be determined. Consequently, the associa-
tions we report should not be considered evidence of a causal
relationship. We also did not consider the posthospital dis-
charge cost of rehabilitation facilities, disposition 15 times
more likely in HPS patients, which surely added to the over-
all cost of care. We also admit that we can investigate some
factors or categorization of factors further than the current
analysis, for instance, the severity of pretransplant hypoxemia
correlated to the cost on HPS, or the itemized cost of each
supply, for example, Opitflow. We did not do that because a
model with more variables may have less validity with this HPS
patient number. Moreover, we admit the cost analysis would
vary in other hospitals and healthcare systems. The generaliz-
ability of the cost in this study is a challenge. However, we
cannot expose the cost structure and insurance profile, or use
national Medicaid data to quantify ours because the intent
of this study was to inform about incremental cost increase
compared with matched non-HPS patients in our institution.
In addition, we admit that cost-effectiveness analysis is a point
of interest as Roberts et al’ reported. It is out of the intent of
this study and may be in the further analysis.

CONCLUSIONS

In conclusion, we found significant association between
HPS diagnosis and increased hospital cost by 27% in adult
patients after having liver transplant surgery. HPS diagno-
sis was independently associated with longer ICU stay and

prolonged hospital stay, together with odds of being dis-
charged to ECF 15 times higher compared with non-HPS
patients. No difference in being readmitted to the hospital
within 6 mo after the transplant was found.

REFERENCES

1. Kelly DM, Bennett R, Brown N, et al. Predicting the discharge status
after liver transplantation at a single center: a new approach for a new
era. Liver Transpl. 2012;18:796-802. doi:10.1002/1t.23434

2. Pascasio JM, Grilo |, Lépez-Pardo FJ, et al. Prevalence and sever-
ity of hepatopulmonary syndrome and its influence on survival in cir-
rhotic patients evaluated for liver transplantation. Am J Transplant.
2014;14:1391-1399. doi:10.1111/ajt.12713

3. Fallon MB, Krowka MJ, Brown RS, et al; Pulmonary Vascular
Complications of Liver Disease Study Group. Impact of hepatopul-
monary syndrome on quality of life and survival in liver transplant
candidates. Gastroenterology. 2008;135:1168-1175. doi:10.1053/}.
gastro.2008.06.038

4. Fallon MB, Mulligan DC, Gish RG, et al. Model for end-stage liver dis-
ease (MELD) exception for hepatopulmonary syndrome. Liver Transpl.
2006;12(12 Suppl 3):5105-S107. doi:10.1002/1t.20971

5. lyer VN, Swanson KL, Cartin-Ceba R, et al. Hepatopulmonary syn-
drome: favorable outcomes in the MELD exception era. Hepatology.
2013;57:2427-2435. doi:10.1002/hep.26070

6. Gupta S, Castel H, Rao RV, et al. Improved survival after liver transplan-
tation in patients with hepatopulmonary syndrome. Am J Transplant.
2010;10:354-363. doi:10.1111/j.1600-6143.2009.02822.x

7. Austin PC. An introduction to propensity score methods for reducing
the effects of confounding in observational studies. Multivariate Behav
Res. 2011;46:399-424. doi:10.1080/00273171.2011.568786

8. Cox DR. Regression models and life-tables. J R Stat Soc B.
1972;34:187-220. doi:10.1007/978-1-4612-4380-9_37

9. Roberts DN, Arguedas MR, Fallon MB. Cost-effectiveness of screen-
ing for hepatopulmonary syndrome in liver transplant candidates. Liver
Transpl. 2007;13:206-214. doi: 10.1002/1t.20931



