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 Background: Medical accessibility is important in liver transplantation (LT) because of the risk of infections associated with 
the use of immunosuppressants and complications that require continuous treatment, such as biliary stenosis. 
However, the effect of medical accessibility on LT success rates has yet to be scrutinized. The aim of this ret-
rospective observational study is to determine whether medical accessibility affects LT outcomes.

 Material/Methods: We enrolled patients who had undergone LT at Samsung Medical Center between January 2017 and December 
2021. The level of medical access was divided into 2 categories (difficult and easy) based on a cutoff of a 
120-min commute on public transportation to access LT. Baseline characteristics were calibrated with propen-
sity score matching. The outcomes (overall survival and graft survival) and severity of emergency center visits 
according to medical accessibility were also investigated.

 Results: A total of 486 patients was included in this study. The median time to reach the hospital by public transpor-
tation was 135 min. Sex, Child-Pugh classification, Model for End-stage Liver Disease score, presence of hepa-
tocellular carcinoma, and donor type were calibrated with propensity score matching, and each group consist-
ed of 186 patients. The overall survival (88.3% vs 86.2%, P=0.67, 5-year) and graft survival (98.6% vs 95.4%, 
P=0.086, 5-year) showed no significant differences between the difficult-to-access and easy-to-access groups. 
While severity of emergency center visits differed between the difficult group (27.6%) and the easy group 
(15.5%), the difference was not statistically significant.

 Conclusions: Medical access to LT did tend to increase emergency center presentation severity but did not affect long-term 
outcomes.
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 Abbreviations: HCC – hepatocellular carcinoma; LT – liver transplantation; PSM – propensity score matching; OS – overall 
survival; MELD – Model for End-stage Liver Disease; HR – hazard ratio; IRB – Institutional Review Board; 
BMI – body mass index; HBV – hepatitis B virus; HCV – hepatitis C virus
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Introduction

Medical care is an essential service for all populations, but it is 
often not provided equally due to differences in economic sta-
tus and physical accessibility [1-4]. To address the problems gen-
erated by lack of medical equity, some jurisdictions are trying 
to expand their national insurance systems through social con-
sensus, and telemedicine technologies are being introduced to 
mitigate disparities in physical access [5-10]. The application of 
technologies that address limitations in physical access is rapid-
ly expanding, particularly due to the experience of the COVID-19 
pandemic [11]. However, little attention has been paid to whether 
improvements in medical accessibility are necessary for all dis-
eases and how physical accessibility affects patient outcomes.

Liver transplantation (LT), which has been considered a high 
risk-procedure since it was first described in 1963, is a wide-
ly accepted treatment for end-stage liver disease due to the 
development of immunosuppressants and advanced surgical 
techniques [12-14]. For LT patients, medical accessibility and 
close surveillance are important to maintaining graft function 
because immunosuppressants increase the risks of various 
infections, with low levels of immunosuppression leading to 
graft rejection [15,16]. However, no studies are available on 
the effects of medical accessibility and LT.

Moreover, although centralized care has been shown to lead to 
more favorable outcomes in LT [17], there are inherent limita-
tions in terms of patient access to hospitals when transplant 
centers are centralized. In this context, patient access to hos-
pitals may be an important determinant of centralization of 
LT centers. However, there is controversy regarding the effect 
of hospital distance on LT outcomes [18,19].

The aim of this study was to investigate whether medical ac-
cessibility affects LT outcomes of graft and patient survival 
and severity of emergency room presentation.

Material and Methods

A retrospective observational study was performed at Samsung 
Medical Center, Seoul, Korea. Patients who underwent first 
LT between January 2017 and December 2021 were includ-
ed. Exclusion criteria were age £18 years; death or graft fail-
ure within 1 month after LT; no discharge from the hospital 
more than 1 month after LT; or simultaneous liver and kidney 
transplantation.

Primary outcomes were Overall Survival (OS) and graft survival ac-
cording to medical accessibility. Graft failure was defined as death 
due to liver failure or re-LT. Death due to cancer progression was 
excluded from graft failure. Secondary outcomes were severity 

and number of emergency center visits according to medical ac-
cessibility. The severity of admission through emergency center 
visits was categorized into 2 grades (mild-to-moderate and se-
vere). A mild-to-moderate visit was defined as one in which the 
patient required treatment with medication and endoscopic or 
radiologic intervention. A severe visit was defined one in which 
the patient required surgical treatment or admission to an inten-
sive care unit, or death. Hospital stays after admission through an 
emergency center were also investigated for secondary outcomes.

Data Collection

Data on sex, body mass index (BMI), underlying disease (hy-
pertension, diabetes mellitus), liver function, donor type, eti-
ology of LT, presence of HCC, ABO incompatibility, and history 
of emergency center visits were investigated through elec-
tronic medical records. Liver function was evaluated using 
the Child-Pugh classification and Model for End-stage Liver 
Disease (MELD) scores [20,21].

Regarding postoperative course, all variables (presence and 
severity of complications and presence and number of rejec-
tions) were investigated through medical records. The pres-
ence and number of rejections were defined as biopsy-proven 
rejection, including acute cellular rejection, chronic rejection, 
and antibody-mediated rejection. The severity of complica-
tions was assessed with the Clavien-Dindo classification [22].

Measure of Medical Accessibility

Based on the home addresses of all patients, distance to the 
hospital, commute time using personal transportation, and 
commute time using public transportation were measured. The 
commute time using public transportation was measured with 
Google Maps (maps.google.com). The distance to the hospi-
tal and the commute time using personal transportation were 
measured with TMAP (TMAP Mobility Corporation, TMAP, ver-
sion 9.9.4.291622). All measurements assumed a departure 
time of 9 a.m. on weekdays to account for traffic congestion.

Medical accessibility was divided into 2 groups based on a cut-
off of 120 min on public transportation. Those who took less 
than 120 min to reach the hospital were assigned to the easy 
medical accessibility group, and those who took more than 120 
min were assigned to the difficult medical accessibility group. 
The cutoff of 120 minutes was chosen based on the maximum 
value from a previous study that examined the average trav-
el time to healthcare services by public transportation [23].

Propensity Score Matching

The 2 groups of patients (difficult vs easy medical accessibili-
ty) were not randomly selected, and because various variables 

e944839-2

Jo S.J. et al: 
Liver transplantation and medical accessibility

© Ann Transplant, 2024; 29: e944839
ORIGINAL PAPER

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE] 
[Chemical Abstracts] [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



could differ due to selection bias, PSM was performed. One-to-
one PSM was performed using differences in baseline charac-
teristics between the 2 groups. The variables in the PSM were 
sex, Child-Pugh classification, MELD score, presence of HCC, 
and donor type. Matching analyses were performed using R 
software, MatchIt package (The R Core Team, Vienna, Austria).

Statistical Analysis

Continuous variables with normal distribution are summarized 
with mean±standard deviation, and non-normal continuous 
variables are expressed as median (range). Fisher’s exact test 
or Pearson’s chi-square test was applied as appropriate to com-
pare proportions between groups. Fisher’s exact test was spe-
cifically chosen when the expected frequency was less than 5. 
For comparison of continuous variables, normality testing was 
performed with Kolmogorov-Smirnov and Shapiro-Wilk tests 
(Supplementary Table 1). The t test was used when the normal 
distribution was followed, and the Mann-Whitney U test was 
used when the distribution did not follow normal distribution. 
In Mann-Whitney U testing, ties were managed by assigning the 
average rank to tied values. The Cox proportional hazards mod-
el was used to evaluate prognostic variables, and an estimat-
ed HR with a 95% confidence interval was presented. A Kaplan-
Meier curve was applied to analyze OS and graft survival, and 
P<0.05 was considered statistically significant. All analyses were 
performed using R software (The R Core Team, Vienna, Austria).

Ethics Approval

The study protocol confirmed to the ethics guidelines of the 
Declaration of Helsinki and was approved by the Institutional 
Review Board of Samsung Medical Center (IRB No. SMC 
2022-09-014).

Informed Consent

The need for informed consent was waived by the IRB of 
Samsung Medical Center due to the retrospective nature of 
the study.

Results

Among 762 patients considered for the study, 486 met the in-
clusion criteria. Twelve of these patients, for whom medical 
accessibility could not be investigated, were excluded, leaving 
474 eligible for analysis. A flow diagram of the selection of pa-
tients included in the study is provided in Figure 1.

Distribution of Patients

The distance from a patient’s home to the hospital ranged 
from 29.2 km to 280.8 km, with a median value of 100 km. The 
median commute time of personal transportation was 92 min, 
ranging from 43 to 207 min, and the median commute time 
of public transportation was 135 min, ranging from 87 to 214 
min. The distribution of all patients is illustrated in Figure 2.

Baseline Characteristics Before Propensity Score Matching

Based on the commute time using public transportation (120 
min), 257 patients were classified into the difficult group 
and 217 into the easy group. A comparison of the character-
istics of patients in the difficult and easy groups is summa-
rized in Table 1.

In the medical accessibility factors, distance from hospital was 
approximately 6 times longer in the difficult group (mean=242.1 

 Patients received liver transplantation (n=762) 
Excluded patients (n=276)
• Pediatric patients (n=35) 
• Re-transplantation (n=9) 
• Simultaneous liver and kidney transplantation (n=1) 
• Primary non-function (n=28) 
• Patients who expired within 1-month (n=27) 
• Patient admitted for post-operative care more than 1 -month (n=176) 

Excluded patients (n=12)
• Island patients (n=11) 
• Foreign patient (n=1)

 Patients eligible for inclusion criteria (n=486)

Patients eligible for analysis (n=474)

Figure 1. A flow diagram of the selection criteria.
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vs 38.8), whereas the time in minutes was 3.7 times longer for 
personal transportation (mean=183.8 vs 48.4) and 2.6 times 
longer for public transportation (mean 213.0 vs 81.2) in the dif-
ficult group. Interestingly, in the difficult group, there was no 
association in travel time between personal transportation and 
public transportation. However, in the easy group, public trans-
portation took about twice as long as personal transportation.

There were no associations in age (mean=55.6 vs 54.2, P=0.112), 
BMI (median=24.2 vs 24.4, P=0.970), hypertension (23.0% vs 
15.7%, P=0.061), and diabetes mellitus (25.3% vs 24.4%, 
P=0.912) between the difficult and easy groups. However, sig-
nificant associations were found for sex (male 74.7% vs 65.4, 
P=0.035), Child-Pugh score (A 44.7% vs 35.0%, P=0.002), and 
MELD score (median 13.0 vs 14.0, P=0.001).

In the transplantation-related factors and postoperative course, 
the difficult group included a larger proportion of living do-
nors (P=0.021) and those with hepatocellular carcinoma (HCC) 
(P=0.023). No significant associations were evident in the 

proportions of ABO-incompatible patients, etiology of trans-
plantation, and postoperative course.

Baseline Characteristics After Propensity Score Matching

Patients in the difficult group were successfully matched one-
to-one with those in the easy group. Each group included 186 
patients. The variables that showed significant differences be-
fore matching (sex, Child-Pugh classification, MELD score, pres-
ence of HCC, and donor type) were not ignificant after propen-
sity score matching (PSM). A comparison of the characteristics 
of patients in the difficult and easy groups after PSM is sum-
marized in Table 2.

Medical Accessibility and Outcomes

Medical accessibility outcomes were analyzed with post-PSM 
data. In an analysis of primary outcomes, there were no signif-
icant differences in 5-year OS (88.3% vs 86.2%, P=0.67, 5-year) 
and 5-year graft survival (98.6% vs 95.4%, P=0.086, 5-year) 
between the difficult and easy groups (Figure 3).

In an analysis of secondary outcomes, the proportions of se-
vere patients (27.6% vs 15.5, P=0.057) and admission rates 
(91.6% vs 89.4%, P=0.763) were higher in the difficult group 
than in the easy group, but the difference was not statistically 
significant. However, the number of visits to emergency cen-
ters was higher in the easy group (P=0.001). Characteristics 
of patient visits to the emergency centers between the diffi-
cult and easy groups are summarized in Table 3. Among pa-
tients who visited an emergency room, the mean number of 
visits was higher in the easy group (1.5±2.4) than in the diffi-
cult group. (2.3±3.0), and the difference was statistically sig-
nificant (P=0.001). Although lacking statistical significance, the 
difficult group (n=24, 27.6%) had a larger proportion of se-
vere emergency center visits compared with the easy group 
(n=17, 15.5%, P=0.057).

Analyses of Factors Affecting Overall Survival

In univariate analysis of factors affecting OS, visiting an emer-
gency center at least once (hazard ratio [HR]=5.22, P=0.002) 
was the only factor associated with OS. To address the poten-
tial underestimation of omitted covariates [24], we performed 
a multivariate analysis that incorporated variables with P val-
ues <0.1 from the univariate analysis. The variables included 
HCV etiology (HR 3.16, P=0.068) and ABO incompatibility (HR 
1.53, P=0.254). Visiting an emergency center at least once was 
the only statistically significant factor associated with OS in 
the multivariate analysis (HR=5.01, P=0.003). Details of anal-
yses are summarized in Table 4.

Figure 2.  Distribution of all patients. The red dot indicates the 
location of Samsung Medical Center, and the green 
dots indicate the distribution of all patients. The 
black line represents the approximate size of Korea 
(369 km). The background map was sourced from 
openstreetmap.org, which provides maps as open 
source. This figure was created using Adobe Illustrator 
CC 2023, version 27.0.
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Medical accessibility
P value Test

Difficult (n=257) Easy (n=217)

Age (years) 55.6±8.4 54.2±10.4 0.112

Sex, n (%)

 Male  192 (74.7)  142 (65.4)
0.035* Chi-square

 Female  65 (25.3)  75 (34.6)

Body mass index  24.2 [16.4, 35.5]  24.4 [15.7, 36.7] 0.970

Hypertension, n (%)

 No  198 (77.0)  183 (84.3)
0.061 Chi-square

 Yes  59 (23.0)  34 (15.7)

Diabetes mellitus, n (%)

 No  192 (74.7)  164 (75.6)
0.912 Chi-square

 Yes  65 (25.3)  53 (24.4)

Child-Pugh score, n (%)

 A  115 (44.7)  76 (35.0)

0.002* Chi-square B  73 (28.4)  49 (22.6)

 C  69 (26.8)  92 (42.4)

MELD, median (IQR)  13.0 (8.0, 21.0)  14.0 (9.0, 31.0) 0.001*

Time after LT, month, mean 32.9±17.9 32.6±17.4 0.877

Transplantation-related factors

Type of donor, n (%)

 Cadaver  38 (14.8)  51 (23.5)
0.021* Chi-square

 Living  219 (85.2)  166 (76.5)

ABO-incompatible, n (%)

 No  200 (77.8)  172 (79.3)
0.788 Chi-square

 Yes  57 (22.2)  45 (20.7)

Etiology

 HBV  146 (56.8)  114 (52.5)

0.202 Exact

 HCV  7 (2.7)  5 (2.3)

 Alcoholism  64 (24.9)  55 (25.3)

 HBV with HCV  1 (0.4)  0 (0.0)

 HBV with alcoholism  8 (3.1)  2 (0.9)

 HBV with others  1 (0.4)  0 (0.0)

 Others  30 (11.7)  41 (18.9)

Table 1. Characteristics of patients.
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Table 1 continued. Characteristics of patients.

Medical accessibility
P value Test

Difficult (n=257) Easy (n=217)

Presence of hepatocellular carcinoma

 No  91 (35.4)  100 (46.1)
0.023* Chi-square

 Yes  166 (64.6)  117 (53.9)

Postoperative course

Complications, n (%)

 No  131 (51.0)  98 (45.2)
0.242 Chi-square

 Yes  126 (49.0)  119 (54.8)

Complications, Clavien-Dindo classification, n (%)

 I  5 (4.0)  4 (3.0)

0.973 Exact

 II  56 (44.4)  51 (42.9)

 IIIa  34 (27.0)  31 (26.1)

  IIIb  31 (24.6)  32 (26.9)

  IV  0 (0.0)  1 (0.8)

Rejections, n (%)

 No  221 (86.0)  191 (88.0)
0.606 Chi-square

 Yes  36 (14.0)  26 (12.0)

Number of rejections, n (%)

None  73 (67.0)  61 (70.1)

0.944 Exact
 1  30 (27.5)  23 (26.4)

 2  5 (4.6)  3 (3.4)

 3  1 (0.9)  0 (0.0)

Medical accessibility

Distance from hospital in km, mean 242.1±109.2 38.8±42.4 <0.001*

Time in minutes, mean

 Personal transportation 183.8±68.2 48.4±32.0 <0.001*

 Public transportation 213.0±63.5 81.2±28.3 <0.001*

Visit the emergency center at least once

 No  123 (47.9)  76 (35.0)
0.006* Chi-square

 Yes  134 (52.1)  141 (65.0)

± – standard deviations; Exact – Fisher’s exact test; Chi-square – Pearson’s Chi-square test. * Significant values.

e944839-6

Jo S.J. et al: 
Liver transplantation and medical accessibility

© Ann Transplant, 2024; 29: e944839
ORIGINAL PAPER

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE] 
[Chemical Abstracts] [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Medical accessibility
P value Test

Difficult (n=186) Easy (n=186)

Age (years) 55.5±9.0 54.1±10.0 0.167

Sex, n (%)

 Male  132 (71.0)  132 (71.0)
1.000 Chi-square

 Female  54 (29.0)  54 (29.0)

Body mass index  24.6 [22.2, 27.1]  24.6 [22.3, 27.1] 1.000

Hypertension, n (%)

 No  144 (77.4)  155 (83.3)
0.192 Chi-square

 Yes  42 (22.6)  31 (16.7)

Diabetes mellitus, n (%)

 No  136 (73.1)  140 (75.3)
0.722 Chi-square

 Yes  50 (26.9)  46 (24.7)

Child-Pugh score, n (%)

 A  72 (38.7)  76 (40.9)

0.872 Chi-square B  50 (26.9)  46 (24.7)

 C  64 (34.4)  64 (34.4)

MELD, median (IQR)  14.0 (9.0, 26.0)  13.0 (9.0, 26.5) 0.726

Time after LT, month, mean 32.4±17.8 32.6±17.4 0.888

Transplantation-related factors

Type of donor, n (%)

 Cadaver  34 (18.3)  36 (19.4)
0.894 Chi-square

 Living  152 (81.7)  150 (80.6)

ABO-incompatible, n (%)

 No  148 (79.6)  145 (78.0)
0.800 Chi-square

 Yes  38 (20.4)  41 (22.0)

Etiology

 HBV  89 (47.8)  103 (55.4)

0.367 Exact

 HCV  6 (3.2)  5 (2.7)

 Alcoholism  55 (29.6)  45 (24.2)

 HBV with HCV  0 (0.0)  0 (0.0)

 HBV with alcoholism  7 (3.7)  2 (1.1)

 HBV with others  1 (0.5)  0 (0.0)

 Others  28 (15.1)  31 (16.7)

Table 2. Characteristics of patients after PS matching.
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Table 2 continued. Characteristics of patients after PS matching.

Medical accessibility
P value Test

Difficult (n=186) Easy (n=186)

Presence of hepatocellular carcinoma

 No  75 (40.3)  78 (41.9)
0.833 Chi-square

 Yes  111 (59.7)  108 (58.1)

Postoperative course

Complications, n (%)

 No  92 (49.5)  87 (46.8)
0.678 Chi-square

 Yes  94 (50.5)  99 (53.2)

Complications, Clavien-Dindo 
classification, n (%)

 I  2 (2.1)  4 (4.0)

0.835 Exact

 II  40 (42.6)  45 (45.5)

 III a  28 (29.8)  27 (27.3)

 III b  24 (25.5)  22 (22.2)

 IV  0 (0.0)  1 (1.0)

Rejections, n (%)

 No  157 (84.4)  162 (87.1)
0.553 Chi-square

 Yes  29 (15.6)  24 (12.9)

Number of rejections, n (%)

 None  54 (65.1)  52 (68.4)

0.901 Exact
 1  23 (27.7)  21 (27.6)

 2  5 (6.0)  3 (3.9)

 3  1 (1.2)  0 (0.0)

Medical accessibility

Distance from hospital in km, mean 226.9±107.9 40.0±44.8
0.001*

Time in minutes, mean

 Personal transportation 174.3±68.5 49.2±33.7 0.001*

 Public transportation 202.5±58.3 80.3±28.6 <0.001*

Visit the emergency center at least once

 No  91 (48.9)  63 (33.9)
0.004* Chi-square

 Yes  95 (51.1)  123 (66.1)

± – standard deviations; Exact – Fisher’s exact test; Chi-square – Pearson’s Chi-square test. * Significant values.
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Figure 3.  A Kaplan-Meier survival graph for each group of difficult and easy patients’ accessibility according to medical accessibility. 
(A) Overall survival. (B) Graft survival.
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Medical accessibility
P value Test

Difficult (n=95) Easy (n=123)

Mean number of visits, n 1.5±2.4 2.3±3.0 0.001*

Need for admission

 No  8 (8.4)  13 (10.6)
0.763 Chi-square

 Yes  87 (91.6)  110 (89.4)

Hospital days if admitted, median (IQR)  11.0 (7.0, 24.5)  16.0 (9.0, 23.0) 0.406

Severity of admission

 Mild-to-moderate  63 (72.4)  93 (84.5)
0.057 Chi-square

 Severe  24 (27.6)  17 (15.5)

Table 3. Characteristics of patient visits to the emergency center.

± – standard deviations; Chi-square – Pearson’s Chi-square test. * Significant values.
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Discussion

Rapid innovations in medicine over the past half-century allow 
humans to live longer and healthier lives [25-27]. Medical ad-
vances after the first solid organ transplantation in 1954 have 
led to new milestones in life extension. Now, research on xe-
notransplantation is being conducted, and the pace of its de-
velopment is accelerating [28,29]. However, with the COVID-19 
pandemic, the medical field faced an unprecedented situation 
of restrictions on activities and movement to prevent the spread 
of infection, greatly complicating traditional medical care.

Several studies on the relationship between transfer time and 
disease course have been published. However, most were 

limited to cardiovascular disease, for which early interven-
tion is important [30-32]. In contrast, the present study focus-
es on medical accessibility and long-term outcomes of a spe-
cific medical procedure (LT).

Our results show that medical accessibility was not correlat-
ed with long-term prognosis in LT patients. LT patients require 
daily administration of immunosuppressants to prevent rejec-
tion. However, because immunosuppressants increase the risk 
of infection, appropriate drug concentrations must be chosen. 
For this reason, LT patients require constant hospital visits and 
close surveillance. This factor likely influenced the association 
between medical accessibility and prognoses. In addition, our 
center operates a patient hotline to help them quickly triage 

Variables
Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Gender, Male vs Female  1.04 (0.5, 2.17) 0.922

Age  1.00 (0.96, 1.03) 0.789

Body mass index  0.95 (0.86, 1.04) 0.278

Child-Pugh score: ref.=A

B  0.44 (0.14, 1.33) 0.144

C  1.34 (0.65, 2.75) 0.423

Etiology: ref.=HBV

HCV  3.17 (0.93, 10.76) 0.065  3.16 (0.92, 10.88) 0.068

Alcoholism  0.64 (0.26, 1.62) 0.351

Others  1.3 (0.54, 3.12) 0.553

MELD  1.02 (0.99, 1.05) 0.154

Hypertension Yes vs No  0.56 (0.2, 1.59) 0.275

Diabetes mellitus Yes vs No  0.77 (0.34, 1.77) 0.537

Type of donor, living vs cadaver  0.68 (0.32, 1.45) 0.316

ABO-incompatible vs compatible  1.82 (0.89, 3.73) 0.103  1.53 (0.74, 3.19) 0.254

Hepatocellular carcinoma Yes vs No  1.28 (0.64, 2.59) 0.486

Rejection Yes vs No  1.45 (0.63, 3.33) 0.381

Complications Yes vs No  1.29 (0.65, 2.53) 0.467

Distance, km  1.00 (1.00, 1.00) 0.679

Time, min

Personal transportation  1.00 (0.99, 1.00) 0.598

Public transportation  1.00 (1.00, 1.00) 0.955

Visit the emergency center at least once, Yes vs No  5.22 (1.84, 14.83) 0.002  5.01 (1.76, 14.26) 0.003

Table 4. Univariate and multivariate analyses of prognostic factors associated with overall survival.
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themselves to determine whether they need to visit the hos-
pital. Because of this early triage, the impact of medical ac-
cessibility may have been underestimated.

Our results also indicate a trend towards higher severity of 
emergency department visits among patients with difficult 
medical accessibility. This suggests that even though our hos-
pital’s hotline advises patients to visit the hospital when nec-
essary, those with difficult medical accessibility may delay their 
visit until their condition worsens significantly. This indicates 
that despite receiving guidance from the hotline, practical 
barriers to accessing the hospital can lead to disease exacer-
bation. Therefore, while medical accessibility may not signif-
icantly impact long-term outcomes, it can have a substantial 
effect on emergency situations.

Several studies have been conducted on telemedicine in LT. 
For example, Koc et al reported that telemedicine-based re-
mote monitoring after LT is eligible in patients with stable 
conditions [33]. Santonicola et al reported that telemedicine 
is promising in LT as it can reassure the patients and improve 
the quality of healthcare [34]. Research on such telemedicine is 
being conducted not only in LT but also in hepatology, and the 
demand for it is increasing [35]. In keeping with these chang-
ing times, it is expected that the results of the present study 
will be used as evidence to answer the question of ‘what can 
be obtained through telemedicine?’ for doctors who want to 
introduce telemedicine in LT.

Our prognostic factor analyses found that visiting an emergen-
cy center at least once was the only influential factor. There 
have been several analyses of prognostic factor in LT. Kim et 
al found that older recipient age and use of a cadaver donor 
were significantly associated with increased risk of death [36]. 
Patkowski et al reported that improved MELD score, ischemic 
time, and routine biliary drainage were associated with bet-
ter long-term survival [37]. Because we excluded patients who 
died within 1 month after LT, selection bias may have affect-
ed the results. To better analyze how visiting an emergency 
center at least once affects OS, future research and addition-
al data on reasons for visiting emergency centers and causes 
of death are needed.

There were some limitations in this study. First, as a single-
center retrospective study with a small number of patients, its 
generalizability is limited. Second, the standard of medical ac-
cessibility was subjective (120 min) without clear references. 
Furthermore, medical accessibility is a concept that includes 
not only distance, but socio-economic factors, which were not 
evaluated here in any detail. Comprehensive and large-volume 
studies that include socio-economic factors, urbanization rates, 
and population densities are needed.

Additionally, the study did not address hematologic parame-
ters, which are critical in monitoring patients with acute in-
flammation [38] Parameters related to inflammation, such as 
C-reactive protein (CRP) and prothrombin time (PT), provide 
essential insights into patient severity. Including these param-
eters in future research could enhance our understanding of 
the impact of medical accessibility.

However, our study did reveal that transportation time as cal-
culated by commercial applications can be used in a medical 
study. This type of research can be applied to other fields and 
medical services. Although we did not find any differences in 
long-term outcomes of LT, the finding itself is valuable in the 
setting of Korea’s LT recipients. We found that, in Korea, medi-
cal accessibility, regardless of the distance traveled, is not crit-
ically different for patients with LT. Although the numbers of 
emergency center visits differed, the study’s failure to include 
the number of visits to other emergency centers near the pa-
tients’ homes should be considered.

Conclusions

In conclusion, several limitations exist in our study, such as 
not including factors like socio-economic status, availability 
of specialized care, patient mobility, and geographic features. 
However, our study indicates that, within the specific context 
of LT, medical accessibility may not be a predominant factor 
affecting long-term outcomes. On the other hand, the severity 
of emergency visits could be influenced by medical accessibil-
ity. Additionally, our study suggests that certain medical con-
ditions, such as LT, may diverge from the pattern seen in con-
ditions like cardiovascular diseases, where accessibility plays 
a more important role. Our research points to the potential 
for exploring alternative strategies beyond simply advocat-
ing for increased medical accessibility. These may include ex-
tending the follow-up period for patients, concentrating com-
plex surgeries like LT in larger centers located farther from 
patients’ residences, and other innovative models tailored to 
the unique characteristics of each medical condition. This nu-
anced perspective calls for tailored healthcare strategies that 
recognize the distinctive needs of conditions like LT and the 
potential for distinct healthcare approaches compared to oth-
er medical conditions.
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Medical 
accessibility

Kolmogorov-Smirnov Shapiro-Wilk

p value p value

Pre-matching data

 Age Difficult 0.037 <0.001

Easy <0.001 <0.001

BMI Difficult 0.046 0.025

Easy 0.200* 0.101

Distance from hospital, km. Difficult <0.001 <0.001

Easy <0.001 <0.001

Time in minute, personal transportation, min. Difficult <0.001 <0.001

Easy <0.001 <0.001

Time in minute, public transportation, min. Difficult 0.004 <0.001

Easy <0.001 <0.001

Post-matching data

 Age Difficult 0.011 0.002

Easy <0.001 <0.001

BMI Difficult 0.200* 0.413

Easy 0.200* 0.284

Distance from hospital.km. Difficult 0.001 <0.001

Easy <0.001 <0.001

Time in minute, personal transportation, min. Difficult 0.002 <0.001

Easy <0.001 <0.001

Time in minute, public transportation, min. Difficult 0.001 <0.001

Easy 0.004 <0.001

Supplementary Table 1. Normality test.

Supplementary Material
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