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Abstract

BACKGROUND
Acute pancreatitis (AP) in liver transplant (LT) recipients may lead to poor clinical outcomes and
development of severe complications.

AIM
We aimed to assess national trends, clinical outcomes, and the healthcare burden of LT hospitaliz-
ations with AP in the United States (US).

METHODS

The National Inpatient Sample was utilized to identify all adult (= 18 years old) LT hospitalizations
with AP in the US from 2007-2019. Non-LT AP hospitalizations served as controls for comparative
analysis. National trends of hospitalization characteristics, clinical outcomes, complications, and
healthcare burden for LT hospitalizations with AP were highlighted. Hospitalization character-
istics, clinical outcomes, complications, and healthcare burden were also compared between the LT
and non-LT cohorts. Furthermore, predictors of inpatient mortality for LT hospitalizations with
AP were identified. All P values < 0.05 were considered statistically significant.

RESULTS

The total number of LT hospitalizations with AP increased from 305 in 2007 to 610 in 2019. There
was a rising trend of Hispanic (16.5% in 2007 to 21.1% in 2018, P-trend = 0.0009) and Asian (4.3% in
2007 to 7.4% in 2019, p-trend = 0.0002) LT hospitalizations with AP, while a decline was noted for
Blacks (11% in 2007 to 8.3% in 2019, P-trend = 0.0004). Furthermore, LT hospitalizations with AP
had an increasing comorbidity burden as the Charlson Comorbidity Index (CCI) score > 3
increased from 41.64% in 2007 to 62.30% in 2019 (P-trend < 0.0001). We did not find statistically
significant trends in inpatient mortality, mean length of stay (LOS), and mean total healthcare
charge (THC) for LT hospitalizations with AP despite rising trends of complications such as sepsis,
acute kidney failure (AKF), acute respiratory failure (ARF), abdominal abscesses, portal vein
thrombosis (PVT), and venous thromboembolism (VTE). Between 2007-2019, 6863 LT hospitaliz-
ations with AP were compared to 5649980 non-LT AP hospitalizations. LT hospitalizations with
AP were slightly older (53.5 vs 52.6 years, P = 0.017) and had a higher proportion of patients with
CCI 23 (51.5% vs 19.8%, P < 0.0001) compared to the non-LT cohort. Additionally, LT hospitaliz-
ations with AP had a higher proportion of Whites (67.9% vs 64.6%, P < 0.0001) and Asians (4% vs
2.3%, P < 0.0001), while the non-LT cohort had a higher proportion of Blacks and Hispanics.
Interestingly, LT hospitalizations with AP had lower inpatient mortality (1.37% vs 2.16%, P =
0.0479) compared to the non-LT cohort despite having a higher mean age, CCI scores, and
complications such as AKF, PVT, VTE, and the need for blood transfusion. However, LT hospital-
izations with AP had a higher mean THC ($59596 vs $50466, P = 0.0429) than the non-LT cohort.

CONCLUSION
In the US, LT hospitalizations with AP were on the rise, particularly for Hispanics and Asians.
However, LT hospitalizations with AP had lower inpatient mortality compared to non-LT AP
hospitalizations.

Key Words: Liver transplantation; Pancreatitis; Mortality; Cost; Length of stay
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Core Tip: Liver transplant (LT) is a lifesaving intervention for patients with end-stage liver disease. Acute
pancreatitis (AP) in LT recipients may lead to poor clinical outcomes and development of severe complic-
ations. In this study, we noted an increase in LT hospitalizations with AP at a national level from 305 in
2007 to 610 in 2019 with a rising trend for Hispanics and Asians. However, there was no trend for
inpatient mortality, mean length of stay and mean total healthcare charge. After a comparative analysis,
LT hospitalizations with AP had lower inpatient mortality compared to the non-LT cohort despite a higher
mean age, comorbidity burden, and presence of complications.
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INTRODUCTION

Acute pancreatitis (AP), an inflammatory response to injury of the pancreas, is one of the leading causes
of hospitalization amongst gastrointestinal disorders in the United States (US). In the general
population, the incidence of AP is estimated to be 40-50 per 100000 persons and there are approximately
275000 AP hospitalizations annually in the US[1,2]. Risk factors implicated in the development of AP
include cholelithiasis, heavy alcohol use (4-5 drinks daily for > 5 years), hypertriglyceridemia (> 1000
mg/dL), smoking, medications, autoimmune diseases, genetic predispositions, blunt/penetrating
abdominal trauma, viral infections, and therapeutic endoscopic procedures such as endoscopic
retrograde cholangiopancreatography (ERCP), among others[3-10]. The pathogenesis of AP is multi-
factorial, but ultimately involves the unregulated activation of proteolytic enzymes within the pancreas
eventually leading to pancreatic ductal obstruction, subsequent inflammation, and in severe cases a
systemic-inflammatory response syndrome[11]. The characteristic clinical features of AP include nausea,
vomiting, loss of appetite, and epigastric abdominal pain radiating to the back[12]. A diagnosis of AP
can be established by the presence of any two of the following three criteria: (1) Characteristic epigastric
abdominal pain; (2) serum lipase and/or amylase greater than three times the upper limit of normal;
and (3) evidence of AP on abdominal imaging[13]. Over the years, AP hospitalizations are on a rise in
the US, with mortality rates ranging from 1%-2% and over 2.5 billion dollars being spent annually on
healthcare costs[1,14].

Liver transplant (LT) has revolutionized management for chronic end-stage liver disease with
excellent results. Since the first LT in 1967, the procedure has saved close to 500000 Life-years among
patients with acute fulminant hepatic failure, hepatocellular carcinoma (HCC), and end-stage liver
disease[15,16]. The recipients of the procedure have excellent survival rates. Per the Scientific Registry of
Transplant Recipients data, the overall patient survival rate after deceased donor LT was 90% and 77 %
at 1 year and 5 years, respectively[17]. Moreover, the graft survival rate at 1 year and 5 years after LT
was noted to be 89.6% and 72.8%, respectively[18].

AP is an important risk factor for poor surgical outcomes in patients with LT. Studies have reported
an incidence rate ranging from 3%-8% for post-LT pancreatitis[19,20]. Common risk factors implicated
in the development of post-LT pancreatitis include hepatitis B infection as an indication of transplant,
re-transplantation, duration of venous bypass, hypotension with longer procedural time, utilization of
ERCP, type of biliary reconstruction, intraoperative calcium chloride administration, and use of an
aorto-hepatic graft[19,21,22]. Additionally, surgical manipulation, immunosuppression, infections, and
biliary complications before LT may also increase the risk of developing post-LT pancreatitis[23]. In LT
recipients, peri-transplant pancreatitis is associated with a two-fold increased risk of mortality[24].
Furthermore, early AP in LT recipients (within 1-2 mo of LT) may have mortality rates as high as 67%
[25]. Given the acute-organ shortage worldwide, we must identify LT hospitalizations at high risk of
developing AP to maximize patient survival.

Although studies investigating post-LT pancreatitis currently exist, they are primarily limited to
small single-center experiences[19,20,22,25-27]. Hence, this study was designed to investigate trends in
hospitalization characteristics and clinical outcomes for LT hospitalizations with AP. Furthermore, we
performed a comparative analysis between LT and non-LT hospitalizations with AP to determine the
influence of LT on clinical outcomes and healthcare burden. Predictors of inpatient mortality for LT
hospitalizations with AP were also identified.
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MATERIALS AND METHODS

Design and data source

This retrospective study derived the study population from the National Inpatient Sample (NIS) for
2007-2019 which was coded using the International Classification of Diseases, 9" and 10" Revision,
Clinical Modification (ICD-9/10- CM) diagnosis codes, and procedure codes. The NIS, maintained by
the Healthcare Cost and Utilization Project (HCUP), is one of the largest, publicly available, multi-ethnic
databases in the US. HCUP is a family of healthcare databases, related software tools, and products
developed through a Federal-State-Industry partnership and sponsored by the Agency for Healthcare
Research and Quality. The NIS enables medical researchers to analyze data on more than seven million
hospital stays each year in the US. It approximates a 20-percent stratified sample of all discharges from
US community hospitals, excluding rehabilitation and long-term acute care hospitals. The NIS database
is publicly available at: https:/ /www.hcup-us.ahrq.gov/.

Study population and outcome measures

We utilized the NIS to identify all adult (= 18 years old) LT hospitalizations with AP in the US from
2007-2019. National trends of hospitalization characteristics, clinical outcomes, complications, and the
healthcare burden were highlighted. Furthermore, non-LT AP hospitalizations served as controls for a
comparative analysis of hospitalization characteristics, clinical outcomes, complications, and the
healthcare burden with the LT cohort. Predictors of inpatient mortality for LT hospitalizations with AP
were also identified.

Statistical analysis

Statistical analysis was conducted using SAS 9.4 (SAS Institute Inc, Cary, NC, United States) to account
for weights in the stratified survey design of the NIS. During the statistical estimating process, weights
were considered by incorporating the variables for strata, weight to discharges and cluster. Descriptive
statistics including mean (* standard error) for continuous variables, and count (%) for categorical
variables were provided after statistical analysis. The Cochran-Armitage trend tests were implemented
to test the trends for proportions of binary variables. The trends for the averages of age, mean length of
stay (LOS) and mean total healthcare charge (THC) were examined by using linear regression. The Rao-
Scott design-adjusted chi-square test examined the association between binary variables in LT and non-
LT hospitalizations with AP. F-statistics from the weighted regression model was used to test the
differences in age, mean LOS, and mean THC in LT and non-LT hospitalizations with AP. Adjusted
hazard ratios with 95% confidence interval were obtained through Cox proportional hazards regression
to identify factors that influenced mortality. All analytical results were considered statistically
significant when P values were less than or equal to 0.05.

Ethical considerations

The NIS database lacks patient and hospital-specific identifiers to protect patient privacy and maintain
anonymity. Hence, our study was exempt from Institutional Review Board (IRB) approval as per
guidelines put forth by our IRB for analysis of database studies.

RESULTS

Trends of hospitalization characteristics for LT hospitalizations with AP

There was an increase in the total number of LT hospitalizations with AP from 305 in 2007 to 610 in
2019. We did not find a statistically significant trend for gender or mean age; however, there was an
increasing trend of LT hospitalizations with AP for patients aged > 65 years (Table 1). Furthermore, LT
hospitalizations with AP had an increasing comorbidity burden as the Charlson Comorbidity Index
(CCI) score 2 3 increased from 41.64% in 2007 to 62.30% in 2019 (P-trend < 0.0001). Interestingly, we also
noted a rising trend of LT hospitalizations with AP from 58.89% in 2007 to 82.79% in 2019 at urban
teaching hospitals.

Racial differences in the trends of LT hospitalizations with AP were apparent. Whites made up a
majority of the study cohort (Table 1) without a statistically significant trend. We noted an overall
increasing trend of Hispanic (16.49% in 2007 to 21.09% in 2018, P-trend = 0.0009) and Asian (4.27% in
2007 to 7.44% in 2019, P-trend = 0.0009) LT hospitalizations with AP (Table 1 and Figure 1). However,
Black LT hospitalizations with AP had a declining trend from 11% to 8.26%, P-trend = 0.0004) (Table 1).

Trends of clinical outcomes, healthcare burden and complications for LT hospitalizations with AP

We did not find a statistically significant trend for inpatient mortality, mean LOS, and mean THC for LT
hospitalizations with AP (Table 2). However, we observed a rising trend of complications such as sepsis
(1.25% in 2007 to 18.03% in 2019, P-trend < 0.0001), acute kidney failure (AKF) (17.13% to 34.43%, P-
trend < 0.0001), acute respiratory failure (ARF) (1.44% to 6.56%, P-trend = 0.0002), abdominal abscesses
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Table 1 Trends of hospitalization characteristics for liver transplant hospitalizations with acute pancreatitis in the United States from 2007-2019, n (%)

Epidemiologicalvariable Years Trend (P value)
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Total number of hospitalizations 305 600 550 520 453 590 455 500 460 650 505 665 610 =
Mean age in yr (standard error) 53.08 51.00 52.01 51.32 (1.45) 51.79 52.02 52.86 55.16 50.27 51.84 53.70 53.32 54.73 No trend (0.1256)
(1.52) (1.35) (1.59) (1.49) (1.10) (1.20) (1.22) (1.31) (1.11) (1.26) (1.12) (1.20)

Age groups (yr)

18-34 30(9.94) 82(183.62) 76(13.77) 62(11.90) 50 (11.07) 80(13.56) 45(9.89)  55(11.00) 90 (19.57) 105 (16.15) 50(9.90) 70 (10.53) 55(9.02)  No trend (0.1345)

35-49 61(19.82) 180(29.97) 117 (21.38) 111 (21.37) 84 (18.46) 145(24.58) 100 (21.98) 90 (18.00) 115 (25.00) 120 (18.46) 100 (19.80) 185 (27.82) 165 (27.05) No trend (0.2379)

50-64 164 (53.56) 236 (39.30) 270 (49.09) 281 (54.15) 276 (60.97) 280 (47.46) 255 (56.04) 225 (45.00) 170 (36.96) 295 (45.38) 260 (51.49) 265 (39.85) 200 (32.79) Decrease (<
0.0001)

65-79 46 (14.90) 103 (17.12) 87 (15.76) 62 (11.86)  38(8.40)  85(14.41) 55(12.09) 120 (24.00) 75(16.30) 125(19.23) 85(16.83) 135(20.30) 190 (31.15) Increase (<
0.0001)

>80 <11 (1.78) 0 (0.00) 0 (0.00) <11(0.71) <11(1.09) 0(0.00) 0 (0.00) <11 (2.00) <11 (217) <11(0.77) <11(1.98) <11 (1.50) 0 (0.00) Increase (0.0157)

Gender

Male 163 (53.30) 278 (46.32) 311 (56.61) 328 (63.08) 270 (59.48) 325 (55.08) 260 (57.14) 235 (47.00) 275 (59.78) 380 (58.46) 270 (53.47) 370 (55.64) 340 (55.74) No trend (0.1383)

Female 143 (46.70) 322 (53.68) 238 (43.39) 192 (36.92) 184 (40.52) 265 (44.92) 195 (42.86) 265 (53.00) 185 (40.22) 270 (41.54) 235 (46.53) 295 (44.36) 270 (44.26) No trend (0.1383)

Race

White 139 (59.81) 387 (72.63) 310 (66.45) 322 (66.37) 285 (71.89) 395 (71.17) 290 (65.91) 375 (78.95) 265 (61.63) 390 (64.46) 360 (75.00) 385 (60.16) 405 (66.94) No trend (0.0517)

Black 26 (11.00) 48 (9.04) 69 (14.68) 99 (20.39) 58 (14.49) 35 (6.31) 45(10.23) 40(842)  20(4.65) 90(14.88) 50(10.42) 60(9.38) 50 (8.26)  Decrease (0.0004)

Hispanic 38 (16.49) 63 (11.85) 54 (11.58) 43 (8.80) 39(9.75) 65(11.71) 70(15.91) 35(7.37) 95(22.09) 80(13.22) 35(7.29)  135(21.09) 80 (13.22) Increase (0.0009)

Asian <11(427) 20(3.77)  0(0.00) 11 (2.19) <11(257) 35(6.31) 20 (4.55) 15(3.16) 20(4.65) 30 (4.96) <11(2.08) 25(3.91) 45(744) Increase (0.0002)

Other 20 (842) 14(271) 34(728)  11(2.26) <11(1.31) 25 (4.50) 15(3.41) <11(211) 30(6.98) 15(248) 25(5.21) 35(547) 25(413)  No trend (0.406)

CCI

CCI=1 130 (42.71) 232(38.75) 174 (31.68) 147 (28.25) 138 (30.35) 185 (31.36) 130 (28.57) 155 (31.00) 150 (32.61) 160 (24.62) 120 (23.76) 160 (24.06) 145 (23.77) Decrease (<
0.0001)

CCI=2 48 (15.65) 101 (16.81) 106 (19.32) 155(29.77) 61 (13.38) 115(19.49) 115(25.27) 130 (26.00) 90 (19.57) 110 (16.92) 75(14.85) 115(17.29) 85(13.93) Decrease (0.0036)

CCI23 127 (41.64) 267 (44.44) 269 (49.01) 218 (41.98) 255 (56.27) 290 (49.15) 210 (46.15) 215 (43.00) 220 (47.83) 380 (58.46) 310 (61.39) 390 (58.65) 380 (62.30) Increa;:e (<
0.0001

Hospital region
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Northeast

Midwest

South

West
Hospital bed-size

Small

Medium

Large

Hospital location and teaching status
Rural

Urban nonteaching

Urban teaching

Disposition
Discharge Home

Transfer to short-term hospital

Transfer to another facility (Includes SNF and

ICF)
Home health care

Discharge against medical advice

36 (11.70)

64 (20.97)

105 (34.47)

100 (32.86)

43 (13.91)

68 (22.16)

195 (63.93)

18 (5.97)

107 (35.14)

180 (58.89)

276 (90.47)
<11 (3.06)

<11 (3.25)

<11 (3.22)

0 (0.00)

209 (34.76)

98 (16.26)

121 (20.22)

173 (28.77)

48 (7.97)

93 (15.44)

459 (76.59)

57 (9.51)

145 (24.21)

398 (66.28)

473 (78.88)
46 (7.74)

20 (3.28)

30 (5.07)

25 (4.16)

82 (14.99)

213 (38.69)

119 (21.68)

135 (24.64)

23 (4.59)

103 (20.26)

381 (75.16)

20 (3.98)

171 (33.68)

316 (62.34)

397 (72.25)
37 (6.72)

34 (6.11)

51 (9.32)

11 (2.00)

61 (11.73)

134 (25.71)

244 (47.04)

81 (15.52)

34 (6.64)

91 (17.70)

389 (75.67)

41 (7.98)

156 (30.35)

317 (61.67)

359 (69.05)
68 (13.01)

26 (5.09)

62 (11.87)

<11
(0.98%)

89 (19.75)

144 (31.79)

169 (37.29)

51 (11.18)

23 (5.15)

58 (13.10)

363 (81.75)

35 (7.95)

84 (18.89)

325 (73.16)

333 (73.51)
35 (7.81)

13 (2.97)

42 (9.25)

<11 (1.11)

100 (16.95)

130 (22.03)

185 (31.36)

175 (29.66)

30 (5.08)

120 (20.34)

440 (74.58)

65 (11.02)

190 (32.20)

335 (56.78)

440 (74.58)
50 (8.47)

25 (4.24)

60 (10.17)

<11 (1.69)

60 (13.19)

125 (27.47)

180 (39.56)

90 (19.78)

60 (13.19)

75 (16.48)

320 (70.33)

30 (6.59)

140 (30.77)

285 (62.64)

345 (75.82)
25 (5.49)

<11 (2.20)

60 (13.19)

15 (3.30)

35 (7.00)

140 (28.00)

205 (41.00)

120 (24.00)

45 (9.00)

135 (27.00)

320 (64.00)

45 (9.00)

70 (14.00)

385 (77.00)

395 (79.00)
35 (7.00)

<11 (1.00)

50 (10.00)

<11 (2.00)

65 (14.13)

130 (28.26)

170 (36.96)

95 (20.65)

65 (14.13)

100 (21.74)

295 (64.13)

35 (7.61)

85 (18.48)

340 (73.91)

375 (81.52)
40 (8.70)

10 (2.17)

30 (6.52)

<11 (1.09)

95 (14.62)

125 (19.23)

270 (41.54)

160 (24.62)

60 (9.23)

120 (18.46)

470 (72.31)

35 (5.38)

125 (19.23)

490 (75.38)

525 (80.77)
30 (4.62)

45 (6.92)

45 (6.92)

0 (0.00)

115 (22.77)

130 (25.74)

145 (28.71)

115 (22.77)

40 (7.92)

120 (23.76)

345 (68.32)

15 (2.97)

110 (21.78)

380 (75.25)

370 (73.27)
60 (11.88)

<11 (0.99)

55 (10.89)

<11 (0.99)

115 (17.29)

140 (21.05)

265 (39.85)

145 (21.80)

90 (13.53)

195 (29.32)

380 (57.14)

65 (9.77)

110 (16.54)

490 (73.68)

490 (73.68)
30 (451)

70 (10.53)

55 (8.27)

20 (3.01)

85 (13.93)

130 (21.31)

230 (37.70)

165 (27.05)

85 (13.93)

155 (25.41)

370 (60.66)

25 (4.10)

80 (13.11)

505 (82.79)

455 (74.59)
35 (5.74)

15 (2.46)

60 (9.84)

25 (4.10)

Decrease (<
0.0001)

Decrease (0.0063)

Increase (<
0.0001)

No trend (0.2338)

Increase (<
0.0001)

Increase (<
0.0001)

Decrease (<
0.0001)

Decrease (0.0238)

Decrease (<
0.0001)

Increase (<
0.0001)

No trend (0.1111)
No trend (0.0657)

No trend (0.0532)

Increase (0.0426)

No trend (0.1735)

CCI: Charlson comorbidity index; ICF: Intermediate care facility; SNF: Skilled nursing facility.
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(0% in 2007 to 0.82% in 2019, P-trend = 0.0006), portal vein thrombosis (PVT) (0% to 4.10%, P-trend <
0.0001) and venous thromboembolism (VTE) (1.82% to 7.38%, P-trend < 0.0001) for LT hospitalizations
with AP. Moreover, there was a decline in the need for blood transfusion from 6.09% in 2007 to 0% in
2019 (P-trend < 0.0001) for LT hospitalizations with AP.
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Table 2 Trends of outcomes for liver transplant hospitalizations with acute pancreatitis in the United States from 2007-2019, n (%)

Outcomes Years Trend (P value)
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Inpatient mortality 0 (0.00) <11(0.87) 20 (3.60) 0 (0.00) 24 (5.35) <11(0.85) 0 (0.00) <11 (1.00) 0 (0.00) <11(0.77) <11(1.98) 0 (0.00) 20 (3.28) No trend (0.3879)
Length of stay (d) 5.62 5.44 7.09 6.02 7.85 5.40 8.53 453 4.86 7.33 6.62 6.23 455 No trend (0.6905)
Total healthcare charge () 36413 53418 50432 53115 68247 42107 95774 41613 42319 79746 80479 65054 56011 No trend (0.1946)
Complications
Pancreatic psuedocyst <11 (341) 35(5.88) 34 (6.13) 26 (5.06) 14 (3.01)  <11(1.69) 20 (440)  <11(200) <11 (1.09) 20 (3.08) 0 (0.00) 50 (7.52) 30 (4.92) No trend (0.1273)
Abdominal abscess 0 (0.00) 0 (0.00) 0 (0.00) 11 (2.07) <11 (1.00) 0 (0.00) <11(110) <11(1.00) 0 (0.00) <11(0.77)  0(0.00) 20 (3.01) <11(0.82) Increase (0.0006)
Sepsis <11(1.25) 41 (6.91) 46 (8.37) 30 (5.69) 32 (7.15) 20 (3.39) 35 (7.69) 30 (6.00) 40 (8.70) 60 (9.23) 55(10.89)  70(10.53)  110(18.03) Increase (< 0.0001)
Acute renal failure 52(17.13) 121 (20.10) 149 (27.09) 123 (23.74) 143 (31.62) 160 (27.12) 130 (28.57) 145(29.00) 155 (33.70) 205 (31.54) 180 (35.64) 245 (36.84) 210 (34.43) Increase (< 0.0001)
Acute respiratory failure <11 (1.44) 37 (6.10) 21 (3.79) 21 (4.06) 28 (6.28) 0 (0.00) 15 (3.30) <11(2.00) 25 (5.43) 55 (8.46) 20 (3.96) 40 (6.02) 40 (6.56) Increase (0.0002)
Need for blood transfusion 19 (6.09) 72 (12.08) 33 (6.10) 40 (7.61) 91(20.09)  95(16.10) 45 (9.89) 35 (7.00) 30 (6.52) 20 (3.08) 20 (3.96) 25 (3.76) 0 (0.00) Decrease (< 0.0001)
Portal vein thrombosis 0 (0.00) <11(1.69) <11(0.86) 0 (0.00) 0 (0.00) 0 (0.00) <11(1.10) <11(2.00) <11(1.09) 15 (2.31) 15 (2.97) 15 (2.26) 25 (4.10) Increase (< 0.0001)

Venous thromboembolism <11 (1.82) <11 (0.85) 35(6.29)  16(3.02)  <11(1.00) <11(1.69) <11(110) <11(1.00) <11(217) 25(3.85)  25(495%) 50(752)  45(738)  Increase (< 0.0001)

Comparative analysis of hospitalization characteristics for LT and non-LT hospitalizations with AP
Between 2007-2019, there were 6863 LT hospitalizations with AP which were compared to 5649980 non-
LT AP hospitalizations. LT hospitalizations with AP had a slightly higher mean age (53.5 vs 52.55 years,
P =0.017) compared to the non-LT cohort. Furthermore, LT hospitalizations with AP also had a higher
proportion of males (55.43% vs 51.13%, P = 0.0046) and patients with a CCI score > 3 (51.46% vs 19.76%,
P < 0.0001) compared to non-LT hospitalizations (Table 3). A majority of LT hospitalizations with AP
were at large (69.47%), urban teaching (69.73%) hospitals.

Racial differences were observed between the LT and non-LT cohorts. We noted a higher proportion
of Whites (67.91% vs 64.57%, P < 0.0001) and Asians (3.95% vs 2.3%, P < 0.0001) in the LT cohort, while
there was a higher proportion of Blacks and Hispanics in the non-LT cohort (Table 3).

Comparative analysis of clinical outcomes, healthcare burden and complications for LT and non-LT

hospitalizations with AP

Overall, the inpatient mortality for LT hospitalizations with AP was lower (1.37% vs 2.16%, P = 0.0479)
than the non-LT cohort (Table 4). We did not find a statistical difference in the inpatient mortality rates
after stratifying for age, gender, or race. Although the mean LOS was comparable between both groups,
the mean THC was higher for LT hospitalizations with AP ($59596 vs $50466, P-trend = 0.0429)
compared to the non-LT cohort. Furthermore, LT hospitalizations with AP also had a higher proportion
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Table 3 Comparative analysis of hospitalization characteristics for liver and non-liver transplant hospitalizations with acute pancreatitis

in the United States from 2007-2019, n (%)

Liver transplant hospitalizations with  Non-liver transplant hospitalizations

Outcomes " ) - P value
acute pancreatitis with acute pancreatitis
Total number of hospitalizations 6863 5649980
Mean age * standard error (yr) 53.50 (0.04) 52.55 (0.39) 0.017
Age group (yr) <0.0001
18-34 12.38 16.20
35-49 2291 26.36
50-64 46.29 29.97
65-79 17.55 18.43
>80 0.86 9.03
Gender 0.0046
Male 55.43 51.13
Female 4457 48.87
Race <0.0001
White 67.91 64.57
Black 10.85 16.11
Hispanic 13.11 13.12
Asian 3.95 2.30
Other 416 3.90
Charlson comorbidity index <0.0001
CCl=1 29.53 28.27
CCr=2 19.02 13.65
CCr=23 51.46 19.76
Hospital region 0.0753
Northeast 16.71 16.45
Midwest 24.80 22.02
South 35.10 40.16
West 23.38 21.37
Hospital bed-size <0.0001
Small 9.49 17.96
Medium 21.04 28.13
Large 69.47 53.91
Hospital location and teaching status <0.0001
Rural 7.15 12.46
Urban nonteaching 23.12 36.23
Urban teaching 69.73 51.32
Disposition <0.0001
Routine (Home) 76.26 77.39
Transfer to short-term hospital 7.30 3.10
Transfer to another type of facility 4.20 7.64
(Includes SNF and ICF)
Home health care 8.89 6.69
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Discharge against medical advice 1.98 3.00

CCI: Charlson comorbidity index; ICF: Intermediate care facility; SNF: Skilled nursing facility.

Table 4 Comparative analysis of clinical outcomes for liver and non-liver transplant hospitalizations with acute pancreatitis in the

United States from 2007-2019, n (%)

Outcomes Liver transplant hospitalizations with acute Non-liver transplant hospitalizations with P
pancreatitis acute pancreatitis value
Inpatient mortality 1.37 2.16 0.0479
Gender-specific inpatient mortality
Male 1.43 2.34 0.1107
Female 1.31 1.97 0.2396
Race specific inpatient mortality
White 1.48 223 0.1403
Black 1.45 2.00 0.6469
Hispanic 0.00 1.60 -
Asian 1.99 3.20 0.6289
Others 4.01 223 0.3868
Age group specific inpatient
mortality
18-34 0.60 0.64 0.9583
35-49 0.90 1.04 0.7855
50-64 112 2.08 0.0921
65-79 3.26 3.60 0.7784
>80 0.00 5.46 —
Length of stay (d) 6.14 5.80 0.3189
Total healthcare charge ($) 59596 50466 0.0429
Complications (out of total hospital-
izations)
Pancreatic psuedocyst 3.85 5.46 0.0259
Abdominal abscess 0.81 0.53 0.1925
Sepsis 8.35 8.78 0.5834
Acute renal failure 29.41 14.91 <
0.0001
Acute respiratory failure 4.61 5.67 0.1018
Cholangiocarcinoma 0.21 0.11 0.2545
Need for blood transfusion 7.65 475 <
0.0001
Portal vein thrombosis 1.53 0.64 <
0.0001
Venous thromboembolism 3.50 2.19 0.0011
of patients with complications such as AKF (29.41% vs 14.91%, P < 0.0001), need for blood transfusion
(7.65% vs 4.75%, P < 0.0001), PVT (1.53% vs 0.64%, P < 0.0001) and VTE (3.5% vs 2.19%, P = 0.0011)
compared to non-LT hospitalizations; however, the non-LT cohort had a higher proportion of patients
with pancreatic pseudocysts (5.46% vs 3.85%, P = 0.0259) (Table 4).
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Figure 1 Racial trends for liver transplant hospitalizations with acute pancreatitis in the United States from 2007-2019.
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Predictors for inpatient mortality for LT hospitalizations with AP

After a regression analysis, Hispanics were noted to have lower odds of inpatient mortality compared to
Whites (Table 5). Furthermore, after adjusting for all other variables, every one-point increase in the CCI
score was associated with a 67.8% increase in inpatient mortality for LT hospitalizations with AP
(Table 5). The presence of complications such as pancreatic pseudocysts (aHR: 14.158, 95%CI 1.642-
122.094, P = 0.016), sepsis (aHR: 13.960, 95%CI 2.163-90.093, P < 0.0001), AKF (aHR: 2.684, 95%CI 1.109-
6.494, P = 0.029), ARF (aHR: 24.758, 95%CI 1.063-576.522, P = 0.046), need for blood transfusion (aHR:
150.340, 95%CI 17.049-1325.754, P < 0.0001) and VTE (aHR: 75.422, 95%CI 1.637-3475.134, P = 0.027)
were also associated with higher odds inpatient mortality for LT hospitalizations with AP after
adjusting for all other variables.

DISCUSSION

AP is a well-known clinical entity. Although it has been thoroughly studied in the general population,
there is a significant paucity of data on AP in solid-organ transplant recipients, particularly those
undergoing LT. This is the only study in current literature that investigates trends, clinical outcomes,
and the healthcare burden of LT hospitalizations with AP at a national level. In this study, we noted an
increase in LT hospitalizations with AP with a rising trend for ethnic minorities i.e. Hispanics and
Asians; however, we did not find a statistically significant trend of inpatient mortality, mean LOS and
mean THC. Although the LT cohort was slightly older and had a higher comorbidity burden, the overall
inpatient mortality was lower (1.37% vs 2.16%, P = 0.0479) compared to the non-LT cohort. Furthermore,
LT hospitalizations with AP had a higher proportion of patients with AKF, PVT, VTE, and the need for
blood transfusion compared to the non-LT cohort. Increasing CCI and the presence of pancreatic
pseudocysts, sepsis, ARF, AKF, VTE, and the need for blood transfusion were associated with increased
odds of inpatient mortality for LT hospitalizations with AP. With the increasing rates of liver
transplants being performed and relative organ shortage in the US, it is vital to understand patient
characteristics, outcomes, and complications of LT hospitalizations with AP to potentially reduce
adverse clinical outcomes in these high-risk individuals[18].

As per data available from United Network for Organ Sharing (UNOS), the total number of LT
increased from 6494 in 2007 to 8896 in 2019[18]. However, in our study, the total number of LT hospital-
izations with AP increased disproportionally, essentially doubling in the same time frame. In the US, the
rates of LT for patients > 65 years of age have also been on the rise as there is a general consensus that
LT in the elderly is feasible with acceptable short-term and long-term results[28,29]. Similarly, in this
study, we noted an increase in the rates of LT hospitalizations with AP for patients > 65 years of age
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Table 5 Predictors of inpatient mortality for liver transplant hospitalizations with acute pancreatitis in the United States from 2007-2019

Variable Adjusted hazard ratio 95%Cl Pvalue
Gender

Male Reference

Female 0.596 (0.150, 2.365) 0.461
Race

White Reference

Black 0.306 (0.017, 5.368) 0.418
Hispanic <0.001 (<0.001, < 0.001) <0.0001
Asian 0.042 (< 0.001, 14.916) 0.289
Other 0.064 (< 0.001, 10.989) 0.295
Charlson comorbidity index 1.678 (1.055, 2.668) 0.029

Hospital region

Northeast Reference

Midwest 1.574 (0.148, 16.692) 0.706
South 1.435 (0.230, 8.955) 0.699
West 1.723 (0.423,7.014) 0.447
Hospital bed size

Small Reference

Medium 1.427 (0.093, 21.893) 0.798
Large 1.974 (0.093, 42.139) 0.663

Hospital location and teaching status

Rural Reference
Urban nonteaching <0.001 (<0.001, 0.048) 0.003
Urban teaching 0.551 (0.053, 5.689) 0.617

Complications (reference = Without the complication)

Pancreatic psuedocyst 14.158 (1.642, 122.094) 0.016
Abdominal abscess <0.001 (< 0.001, < 0.001) <0.0001
Sepsis 13.960 (2.163, 90.093) 0.006
Acute renal failure 2.684 (1.109, 6.494) 0.029
Acute respiratory failure 24.758 (1.063, 576.522) 0.046
Need for blood transfusion 150.340 (17.049, 1325.754) <0.0001
Portal vein thrombosis <0.001 (< 0.001, < 0.001) < 0.0001
Venous thromboembolism 75.422 (1.637, 3475.134) 0.027

(Table 1). However, it should be noted that AP carries a higher morbidity and mortality burden in the
elderly population at baseline, and this is compounded in organ transplant recipients[30].

In the US, there was an increase in LT for Hispanics and Asians from 912 in 2007 to 1498 in 2019 and
325 in 2007 to 363 in 2019, respectively as per the UNOS registry. Current literature lacks data on the
racial distribution of AP in LT recipients, particularly for ethnic minorities i.e. Blacks, Hispanics, and
Asians. However, studies have demonstrated that ethnic minorities, at baseline, are at a higher risk of
developing AP and have greater severity of disease compared to the general population[2,31-35]. In our
study, there was an increasing trend of Hispanic and Asian LT hospitalizations with AP (Figure 1)
which was disproportionate to the increase in LT for this population. Interestingly, Black LT hospitaliz-
ations with AP were noted to have a declining trend between 2007-2019. After a comparative analysis,
we observed a higher proportion of Asians in the LT cohort, while there was a higher proportion of
Blacks and Hispanics in the non-LT cohort. The exact reason for this variable racial distribution is
currently unknown but needs further investigation through large, multi-center prospective studies.
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Furthermore, we emphasize the need for early recognition and prompt treatment of AP in Hispanic and
Asian LT hospitalizations to prevent adverse clinical outcomes.

Statistics have demonstrated continuous improvements in survival rates for liver transplant recipients
[36-38]. Over the last few decades, AP-related mortality has also declined due to prompt recognition
and improvement in management strategies[1,39]. However, prior literature offers conflicting evidence
on ethnic variations in AP-related mortality with some studies reporting increased mortality rates in
Whites, while others noted higher mortality rates in Blacks among the general population[14,40]. There
continues to be a significant paucity of data on mortality for AP in LT recipients in current literature. In
our study, we did not find a statistically significant trend for inpatient mortality in LT hospitalizations
with AP (Table 2). Interestingly, after a comparative analysis, LT hospitalizations with AP had lower
inpatient mortality rates compared to the non-LT cohort despite a higher mean age, greater comorbidity
burden, and higher proportion of patients with complications. Furthermore, we did not find a statistical
difference in the inpatient mortality rates after stratifying for age, gender, or race. The exact reason for
lower inpatient mortality rates in LT hospitalizations with AP is unknown. However, it may, in part, be
due to increased vigilance for complications in these high-risk hospitalizations, overall improvements in
management strategies, and a multi-disciplinary team approach for management of these highly
complex patients. Additional multi-center prospective studies are needed to further investigate these
findings. Nonetheless, lower mortality suggests improved survival rates for LT hospitalizations which is
in line with current literature.

Healthcare utilization by LT recipients is on the rise. A study by Habka et al[41] in 2015 predicted that
the cost of LT will increase by 33% in 10 years and 81% in the next 20 years. The inpatient cost of
management of AP has also almost doubled from 1996 ($3.9 billion) to 2016 ($7.7 billion)[42]. On the
contrary, the utilization of the inpatient service (bed days per prevent case) for AP has declined over the
years[42]. No data currently exists on healthcare utilization for AP in LT recipients. In our study, we did
not find a statistically significant trend in mean LOS and mean THC for LT hospitalizations with AP
indicating that the healthcare burden has remained relatively stable over the years despite a higher
proportion of patients with complications such as sepsis, AKF, ARF, PVT, VTE, and abdominal
abscesses. After a comparative analysis, the mean LOS was comparable between the LT and non-LT
cohorts; however, the mean THC for the LT cohort was $9130 higher than that of the non-LT cohort.
This may, in part, be attributed to a higher proportion of patients with complications in the LT cohort
compared to the non-LT cohort requiring a higher level of care and multi-disciplinary team
management (Table 4). Furthermore, after adjusting for all other variables, increasing CCI, and the
presence of complications such as pancreatic pseudocysts, sepsis, ARF, AKF, VTE, and need for blood
transfusions were associated with higher odds of inpatient mortality for LT hospitalizations with AP.
These findings somewhat mirror predictors of inpatient mortality for AP that have been reported in
previous population-based studies[43].

Our study has several strengths and a few limitations. Our study population, which was drawn from
one of the largest, publicly available, multi-ethnic databases in the US, is a key strength of this study.
This is the only study in the current literature that offers a national perspective on hospitalization
characteristics, clinical outcomes, complications, and the healthcare burden of LT hospitalizations with
AP over 13 years, compared to other single-center experiences which offer limited information. Through
a comprehensive and unique analysis technique, we were also able to compare LT and non-LT hospital-
izations to understand the influence of AP on LT hospitalizations thereby giving gastroenterologists real
world data. Furthermore, as the NIS covers approximately 97% of the US population, the results of our
study are applicable to all LT hospitalizations with AP in the US.

However, we do acknowledge the limitations associated with our study. The retrospective study
design makes our study susceptible to the biases that are associated with retrospective studies.
Additionally, the NIS database does not contain information on the indication of liver transplant, time
from LT to development of AP, disease severity, hospital course, treatment aspects of the disease, time
from any procedure to development of complications, procedural complications (pre, intra, and post),
intraprocedural operator preferences, or performance of any procedure. Lastly, the NIS is an adminis-
trative database that uses ICD codes to store data; hence, the possibility of human coding errors always
exists. Despite these limitations, our large sample size, unique analysis technique, and multi-faceted
outcomes add valuable data to limited literature.

CONCLUSION

LT is a lifesaving procedure for chronic end-stage liver disease patients. However, the development of
post-LT pancreatitis may lead to poor surgical outcomes and development of complications. In our
study, we noted an increase in LT hospitalizations with AP, particularly for ethnic minorities i.e.
Hispanics and Asians; however, there was no trend for inpatient mortality. We also did not find a
statistically significant trend mean LOS and mean THC indicating that healthcare utilization has
remained relatively stable for LT hospitalizations with AP between 2007-2019. On comparison, LT
hospitalizations with AP had lower inpatient mortality compared to non-LT AP hospitalizations despite
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a higher proportion of patients that were older, had CCI = 3, and had complications such as AKF, PVT,
VTE, and need for blood transfusion. Increasing CCI, presence of pancreatic pseudocysts, sepsis, ARF,
ARF, VTE, and need for blood transfusion were identified to be independent predictors of inpatient
mortality for LT hospitalizations with AP.

ARTICLE HIGHLIGHTS

Research background
The development of Acute Pancreatitis (AP) in Liver Transplant (LT) recipients may be associated with
poor clinical outcomes and severe complications.

Research motivation

Although studies investigating post-LT pancreatitis currently exist, they are primarily limited to small
single-center experiences. Currently, a national perspective in the United States (US) does not exist.
Therefore, this study was designed to investigate trends and outcomes of LT hospitalization with AP.

Research objectives

We aimed to assess national trends of hospitalization characteristics, clinical outcomes, and the
healthcare burden of LT hospitalizations with AP in the US. Non-LT hospitalizations with AP were also
identified as controls to compare hospitalization characteristics, clinical outcomes, and the healthcare
burden with the LT cohort. Furthermore, predictors of inpatient mortality for LT hospitalizations with
AP were identified.

Research methods

The National Inpatient Sample was utilized to identify LT and non-LT hospitalizations with AP. The
Cochran-Armitage trend was used to test the trends for proportions of binary variables. Linear
regression examined the trends for the averages of age, mean length of stay (LOS), and mean total
healthcare charge (THC). Rao-Scott design-adjusted chi-square test examined the association between
binary variables in LT and non-LT Hospitalizations with AP. F-statistics were used to test the
differences in age, mean LOS, and mean THC in LT and non-LT Hospitalizations with AP. Cox propor-
tional hazards regression was used to identify factors that influenced mortality.

Research results

The total number of LT hospitalizations with AP increased from 305 in 2007 to 610 in 2019. We did not
find statistically significant trends in inpatient mortality, mean LOS, and mean THC for LT hospitaliz-
ations with AP. LT hospitalizations with AP had lower inpatient mortality compared to the non-LT
cohort despite having a higher mean age, comorbidity burden, and complications. Increasing CCI,
presence of pancreatic pseudocysts, sepsis, acute respiratory failure, acute renal failure, venous
thromboembolism, and need for blood transfusion were independent predictors of inpatient mortality
for LT hospitalizations with AP.

Research conclusions

LT is a lifesaving procedure for chronic end-stage liver disease patients. In the US, LT hospitalizations
with AP increased between 2007 to 2019, particularly for Hispanics and Asians. However, LT hospitaliz-
ations with AP had lower inpatient mortality compared to non-LT AP hospitalizations.

Research perspectives

This is the only study in the current literature that offers a national perspective on hospitalization
characteristics, clinical outcomes, complications, and the healthcare burden of LT hospitalizations with
AP in the US.
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