ISSN 2220-3230 (online)

World Journal of

World | Transplant 2023 June 18; 13(4): 107-207

(44 Published by

Baishideng®



7 World Journal of

Transplantation

Jaishideng®

Contents Quarterly Volume 13 Number 4 June 18, 2023

REVIEW

107 Islet transplantation-immunological challenges and current perspectives
Kabakchieva P, Assyov Y, Gerasoudis S, Vasilev G, Peshevska-Sekulovska M, Sekulovski M, Lazova S, Miteva DG, Gulinac
M, Tomov L, Velikova T
MINIREVIEWS

122 Intracranial pressure monitoring in the perioperative period of patients with acute liver failure undergoing
orthotopic liver transplantation
Mendoza Vasquez LE, Payne S, Zamper R

129 Women’s health issues in solid organ transplantation: Breast and gynecologic cancers in the post-
transplant population
Jones-Pauley M, Kodali S, Basra T, Victor DW
ORIGINAL ARTICLE
Retrospective Cohort Study

138 Pre-Lung transplant reflux testing demonstrates high prevalence of gastroesophageal reflux in cystic
fibrosis and reduces chronic rejection risk
Lo WK, Flanagan R, Sharma N, Goldberg HJ, Chan WW
Retrospective Study

147 Mortality assessment for pancreas transplants in the United States over the decade 2008-2018
Jarmi T, Brennan E, Clendenon J, Spaulding AC

157 Is peri-transplant blood transfusion associated with worse transplant outcomes? A retrospective study
Bukhari MA, Alhomayani FK, Al Eid HS, Al-Malki NK, Alotaibi ME, Hussein MA, Habibullah ZN

169 Delayed referral for liver transplant evaluation worsens outcomes in chronic liver disease patients
requiring inpatient transplant evaluation
Cooper KM, Colletta A, Hathaway NJ, Liu D, Gonzalez D, Talat A, Barry C, Krishnarao A, Mehta S, Movahedi B, Martins
PN, Devuni D
Observational Study

183 Haemodynamic management in brain death donors: Influence of aetiology of brain death
Lazzeri C, Bonizzoli M, Batacchi S, Guetti C, Vessella W, Valletta A, Ottaviano A, Peris A

190 Randomized intervention to assess the effectiveness of an educational video on organ donation intent
among Hispanics in the New York metropolitan area
Pekmezaris R, Cigaran E, Patel V, Clement D, Sardo Molmenti CL, Molmenti E

WIT | https://www.wjgnet.com I June 18,2023 | Volume13 | Issue4



World Journal of Transplantation
Contents

Quarterly Volume 13 Number 4 June 18, 2023

CASE REPORT

201 Efficacy and safety of local candida immunotherapy in recalcitrant warts in pediatric kidney
transplantation: A case report

Acharya R, Bush R, Johns F, Upadhyay K

Gwisnidenge WIT | https://www.wjgnet.com 11 June 18,2023 | Volume13 | Issue4 |



World Journal of Transplantation

Contents

Quarterly Volume 13 Number 4 June 18, 2023

ABOUT COVER

Peer Reviewer of World Journal of Transplantation, Mendy Hatibie Oley, MD, PhD, Plastic Reconstructive and
Aesthetic Surgery Division, General Surgery Department, Faculty of Medicine, Sam Ratulangi University, Kandou
General Hospital, North Sulawesi 95115, Indonesia. mendy.hatibie@unsrat.ac.id

AIMS AND SCOPE

The primary aim of World Journal of Transplantation (W]JT, World ] Transplant) is to provide scholars and readers
from various fields of transplantation with a platform to publish high-quality basic and clinical research articles
and communicate their research findings online.

WIJT mainly publishes articles reporting research results obtained in the field of transplantation and covering a
wide range of topics including bone transplantation, brain tissue transplantation, corneal transplantation, descemet
stripping endothelial keratoplasty, fetal tissue transplantation, heart transplantation, kidney transplantation, liver
transplantation, lung transplantation, pancreas transplantation, skin transplantation, efc.

INDEXING/ABSTRACTING

The WJT is now abstracted and indexed in PubMed, PubMed Central, Scopus, Reference Citation Analysis, China
National Knowledge Infrastructure, China Science and Technology Journal Database, and Superstar Journals
Database.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Liang Zhang; Production Department Director: X# Guo; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Transplantation https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2220-3230 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
December 24, 2011 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Quarterly https:/ /www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Maurizio Salvadori, Sami Akbulut, Vassilios Papalois, Atul C Mehta https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2220-3230/ editotialboard. htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
June 18, 2023 https:/ /www.wignet.com/bpg/Getlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJT | https://www.wjgnet.com 111 June 18,2023 | Volume13 | Issue4


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2220-3230/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5500/ wijt.v13.i4.107

7

World Journal of
Transplantation

World | Transplant 2023 June 18; 13(4): 107-121

ISSN 2220-3230 (online)

REVIEW

Islet transplantation-immunological challenges and current

perspectives

Plamena Kabakchieva, Yavor Assyov, Stavros Gerasoudis, Georgi Vasilev, Monika Peshevska-Sekulovska,
Metodija Sekulovski, Snezhina Lazova, Dimitrina Georgieva Miteva, Milena Gulinac, Latchezar Tomov,

Tsvetelina Velikova

Specialty type: Transplantation

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C

Grade D (Fair): D

Grade E (Poor): 0

P-Reviewer: Nagaya M, Japan;
Scuteri A, Italy

Received: March 22, 2023

Peer-review started: March 22, 2023

First decision: April 11, 2023
Revised: May 16, 2023
Accepted: June 6, 2023

Article in press: June 6, 2023
Published online: June 18, 2023

Jaishideng®

WJT | https://www.wjgnet.com 107

Plamena Kabakchieva, Clinic of Internal Diseases, Naval Hospital-Varna, Military Medical
Academy, Varna 9010, Bulgaria

Yavor Assyov, Clinic of Endocrinology, Department of Internal Diseases, University Hospital
"Alexandrovska", Medical University-Sofia, Sofia 1434, Bulgaria

Stavros Gerasoudis, Faculty of Medicine, Trakia University, Stara Zagora 6000, Bulgaria

Georgi Vasilev, Department of Neurology, Faculty of Medicine, Medical University of Plovdiv,
Plovdiv 4000, Bulgaria

Monika Peshevska-Sekulovska, Department of Gastroenterology, University Hospital Lozenetz,
Sofia 1407, Bulgaria

Monika Peshevska-Sekulovska, Metodija Sekulovski, Tsvetelina Velikova, Medical Faculty, Sofia
University St. Kliment Ohridski, Sofia 1407, Bulgaria

Metodija Sekulovski, Department of Anesthesiology and Intensive Care, University hospital
Lozenetz, Sofia 1407, Bulgaria

Snezhina Lazova, Department of Pediatric, University Hospital "N. I. Pirogov", Sofia 1606,
Bulgaria

Snezhina Lazova, Department of Healthcare, Faculty of Public Health "Prof. Tsekomir
Vodenicharov, MD, DSc", Medical University of Sofia, Sofia 1527, Bulgaria

Dimitrina Georgieva Miteva, Department of Genetics, Sofia University "St. Kliment Ohridski",
Sofia 1164, Bulgaria

Milena Gulinac, Department of General and Clinical Pathology, Medical University of Plovdiv,
Plovdiv 4000, Bulgaria

Latchezar Tomov, Department of Informatics, New Bulgarian University, Sofia 1618, Bulgaria

Corresponding author: Plamena Kabakchieva, MD, PhD, Academic Research, Assistant
Professor, Clinic of Internal Diseases, Naval Hospital-Varna, Military Medical Academy, No. 3
Hristo Smirnenski Blvd, Varna 9010, Bulgaria. plamenakabakchieva@yahoo.com

June 18,2023 | Volume13 | Issued |


https://www.f6publishing.com
https://dx.doi.org/10.5500/wjt.v13.i4.107
mailto:plamenakabakchieva@yahoo.com

Kabakchieva P ef al. Immunology of islet transplantation

Jaishideng®

Abstract

Pancreatic islet transplantation is a minimally invasive procedure aiming to reverse the effects of
insulin deficiency in patients with type 1 diabetes (T1D) by transplanting pancreatic beta cells.
Overall, pancreatic islet transplantation has improved to a great extent, and cellular replacement
will likely become the mainstay treatment. We review pancreatic islet transplantation as a
treatment for T1D and the immunological challenges faced. Published data demonstrated that the
time for islet cell transfusion varied between 2 and 10 h. Approximately 54% of the patients gained
insulin independence at the end of the first year, while only 20% remained insulin-free at the end
of the second year. Eventually, most transplanted patients return to using some form of exogenous
insulin within a few years after the transplantation, which imposed the need to improve immuno-
logical factors before transplantation. We also discuss the immunosuppressive regimens, apoptotic
donor lymphocytes, anti-TIM-1 antibodies, mixed chimerism-based tolerance induction, induction
of antigen-specific tolerance utilizing ethylene carbodiimide-fixed splenocytes, pretransplant
infusions of donor apoptotic cells, B cell depletion, preconditioning of isolated islets, inducing
local immunotolerance, cell encapsulation and immunoisolation, using of biomaterials,
immunomodulatory cells, etc.

Key Words: Islet transplantation; Type 1 diabetes; Diabetes mellitus; Immune tolerance; Graft rejection; T
regulatory cells; B regulatory cells

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Type 1 diabetes (T1D) is associated with loss of beta-cell mass and insulin secretion. Regardless
of its nature, autoimmune or idiopathic, the loss of own insulin secretion is a hallmark dysfunction in T1D
mellitus; thus, therapeutic options are aimed at either replacing the missing insulin or restoring
physiological insulin secretion to achieve normoglycemia and postponing micro- and macrovascular
complications. Nevertheless, the need to completely replace the depleted pancreatic secretion also leads to
the emergence of new therapeutic horizons, including pancreas and islet cell transplantation. However, this
approach also meets several immunological challenges-cellular and antibody-mediated rejection and loss
of function. To improve the outcomes, several approaches are performed: Immunosuppression, apoptotic
donor lymphocytes, anti-TIM-1 antibodies, mixed chimerism-based tolerance induction, induction of
antigen-specific tolerance utilizing ethylene carbodiimide-fixed splenocytes, infusion of donor apoptotic
cells before transplantation, combined with anti-CD40L antibodies and rapamycin, preconditioning of
isolated islets, inducing local immunotolerance, cell encapsulation and immunoisolation, using of
biomaterials, immunomodulatory cells, efc. mesenchymal stem cells, as an adjunct therapy to islet
transplantation, can promote long-term graft survival, possibly by reducing inflammation and enhancing
immune tolerance.

Citation: Kabakchieva P, Assyov Y, Gerasoudis S, Vasilev G, Peshevska-Sekulovska M, Sekulovski M, Lazova S,
Miteva DG, Gulinac M, Tomov L, Velikova T. Islet transplantation-immunological challenges and current
perspectives. World J Transplant 2023; 13(4): 107-121

URL: https://www.wjgnet.com/2220-3230/full/v13/i4/107.htm

DOI: https://dx.doi.org/10.5500/wjt.v13.i4.107

INTRODUCTION

Pancreatic islet transplantation is a minimally invasive procedure aiming to reverse the effects of insulin
deficiency by transplanting pancreatic beta cells[1]. Pancreatic islet transplantation can be done with
autologous and allogeneic islets. While autologous islet transplantation has the advantage of being
derived from the same patient, eliminating the risk of immune rejection, its widespread utilization is
limited due to several drawbacks, including the need for pancreatectomy, which may have associated
surgical risks, and the limited availability of functional islets from a single organ in patients with
advanced disease. On the other hand, allogeneic islets are taken from different individuals of the same
species, usually for treating type 1 diabetes (T1D), with followed immunological response complications

(2]

Typical for T1D is the continuing pancreatic beta cell destruction, which could be autoimmune (Type
1A) or non-autoimmune (Type 1B), resulting in decreased or absent insulin production. As a result, it
increases in incidence yearly and is associated with severe hypoglycemia, ketoacidosis, and vascular
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complications[3]. Although exogenous insulin analogs are considered the primary treatment option for
managing T1D in response to hyperglycemia, they cannot accurately resemble the timing and dosing of
physiological insulin secretion. Moreover, exogenous insulin therapy is associated with an increased
risk of severe side effects such as hypoglycemia, weight gain, lipodystrophy, etc.[4]. Therefore, there is
an ongoing effort to improve the treatment options[5]. Among them, pancreatic islet transplantation is
promising to become the mainstay in the treatment process[6].

As a minimally invasive procedure, islet transplantation is ideal for high-risk surgical patients
burdened with cardiovascular disease[7]. It does not follow the significant complications of vascularized
pancreas transplantation, and with minimal intra-operational complications, such as bleeding and
portal vein thrombosis, the mortality is negligible. On the negative side, multiple donors for a single
patient are needed, while the alternative whole pancreatic transplantation treatment needs 1 and rarely
2 pancreases. This makes it a rather wasteful procedure[8]. An adequate islet number must be
transplanted for patients to become insulin-independent. A single transplantation is often insufficient;
several sequential transplantations are needed for satisfactory glycaemic and insulin results[9]. Early
attempts had been made as early as 1893. Still, the milestone that grabbed the scientific community's
attention was the ground-breaking Edmonton protocol, with its non-corticosteroid immunosuppressive
treatment[9] and the other studies regarding the benefits of islet transplantation on glucose metabolism
improvement[10,11]. Studies have shown that 5-year insulin independence has increased manifold[12-
14].

Overall, pancreatic islet transplantation has improved to a great extent, and cellular replacement will
likely become the mainstay treatment. Our goal was to review pancreatic islet transplantation as a
treatment for T1D and the immunological challenges faced. To prepare this narrative review, we search
the main databases, Medline, PubMed, and Scopus, in conformity with the principles of writing a
narrative review[15].

ISLET TRANSPLANTATION PROCEDURE

The main procedural steps are pre-transplant assessment, pancreas procurement, islet isolation, tissue
culture, transplantation, and post-transplant evaluation[8].

In pre-transplant assessment, eligible patients are chosen. Strong indications include recurrent severe
hypoglycemic shocks, impaired awareness of hypoglycemia, undetectable C-peptide, age between 18-
65, and a diagnosis of more than five years[16]. Additionally, previous kidney transplantation has been
shown to impact the outcomes of islet transplantation positively. Studies have reported that patients
who have undergone a kidney transplant before islet transplantation have higher graft survival rates,
improved glycemic control, and reduced insulin requirements compared to those without a prior
kidney transplant. This may be attributed to the immunosuppressive regimen used for kidney
transplantation, which may enhance the success of islet transplantation by preventing the rejection of
the transplanted islets[17]. Exclusion criteria include poorly controlled hypertension, heart disease,
macroalbuminuria, glomerular filtration rate < 80 mL/min/1.73 m? and potential contraindications for
immunosuppression. Current indications do not include the pediatric population[18]. In the
transplantation of allogeneic pancreatic beta cells, ABO and human leucocyte antigen histocompatibility
have to be assessed. The number of islet donors is generally limited, but new xenografts with islets from
other species, typically porcine islets, and stem cell technologies could tackle this critical problem[19].

In the stage of pancreas procurement, the pancreas is removed from donors and preserved in the
University of Wisconsin solution for up to 24 h. Important in this stage is the capsule to be kept intact.
The pancreas is delivered to the islet isolation center when procurement is ready[20]. The islet isolation
process involves the preparation of the pancreas, which is carefully cleaned of surrounding tissues and
dissected to expose the islets of Langerhans. The pancreas is then cannulated and perfused with a
collagenase enzyme solution for 10 min, which distends the pancreas to facilitate the separation of the
islets from the surrounding stroma. Next, the distended pancreas is cut and set into the Ricordi
Chamber, an automated device designed to facilitate the islet isolation process. The chamber employs a
series of automatic steps to separate the islets from the exocrine tissue, including filtration and density
gradient centrifugation. Finally, the isolated islets are processed using a COBE 2991 cell processor,
which further separates the islets from any residual exocrine tissue, and the purified islets are then
cultured for transplantation[21,22].

In the hands of the proper expert, the tissue culture stage of islet isolation represents a critical step in
preparing isolated islets for transplantation. This stage allows the islets to recover from the stress
induced by the previous steps of the isolation procedure, during which they may have been subjected to
mechanical and enzymatic stress. The tissue culture stage typically involves the placement of the
purified islets into a nutrient-rich media in a controlled environment, where they are allowed to recover
for several hours to several days. During this time, the islets are carefully monitored for signs of
viability and function, including assessment of insulin secretion and glucose-stimulated insulin release.
This stage also allows for flexibility in scheduling the subsequent transplant procedure, as the islets can
be stored under optimal conditions until the transplant recipient is ready to receive them. The success of
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the tissue culture stage is highly dependent on the expertise of the individual performing the procedure,
as optimal conditions must be maintained to ensure the viability and function of the isolated islets[23].

Before transplantation begins, the final transplantation islet site has to be decided. The liver is
considered preferable for transplantation, although different places are being tested for better islet
survival and function[24]. Upon islet infusion, an "instant blood-mediated inflammatory reaction" is
described with platelet consumption, activation of coagulation, and the complement system[25].

The post-transplant period following islet transplantation is characterized by a prolonged period of
recovery during which insulin independence may not be immediately achieved. The transplanted islets
may take months to years to fully integrate into the recipient's body[6] and establish a functional
vascular supply. During this period, the transplanted islets are subject to immunological attacks from
the recipient's immune system, which can compromise their function and survival. A combination of
induction, maintenance, and antirejection immunosuppressive drugs are typically used to prevent
rejection of the transplanted islets. However, a notable irony is that many of these immunosuppressive
drugs have diabetogenic properties, which can exacerbate preexisting metabolic abnormalities in
transplant recipients. As such, these drugs must be carefully balanced against the need to maintain
optimal islet function and prevent rejection[26].

Recent advances in islet transplantation have focused on immunoisolation, which involves the
encapsulation of transplanted islets in a protective membrane to prevent their recognition and subs-
equent destruction by the recipient's immune system. Encapsulation of islets for immunoisolation
involves using biocompatible materials that allow for efficient nutrient and oxygen exchange while
preventing immune cells from accessing the transplanted islets. Several biomaterials have been studied
for this purpose, including alginate, agarose, and polyethylene glycol hydrogels[27,28]. The techniques
for improving islet cell survival by encapsulation are presented in Figure 1A.

For example, alginate hydrogels are commonly used due to their biocompatibility, ease of fabrication,
and ability to protect transplanted islets from the immune system. While early studies in small animal
models have shown promising results, with sustained islet function and reduced immunosuppressive
drug requirements, translation to larger animals and humans has been less successful, with limited
long-term success and significant technical challenges in maintaining membrane integrity and
permeability. Using traditional immunosuppressive regimens remains a crucial component of current
islet transplantation protocols, albeit with the recognized risks of diabetogenicity and other adverse
effects[11].

T1D AND THE NEED FOR ISLET TRANSPLANTATION

Type 1 diabetes mellitus (T1DM) is a metabolic disease distinct by hyperglycemia, insulin deficiency,
and a lifelong need for exogenous insulin replacement treatment[3,29]. TIDM is an autoimmune disease
that develops in genetically predisposed individuals under the influence of environmental factors,
which triggers autoimmunity to pancreatic beta cells. Although it is defined as "diabetes of young age",
T1DM can also affect adults[30]. In general, TIDM is divided into two subtypes, 1A and 1B[31]. While
T1ADM is associated with autoantibodies against islet cells [glutamic acid decarboxylase (anti-GAD65),
tyrosine phosphatases islet antigen 2 (IA-2), IA-2 insulin, or zinc transporter 8[32], also observed in
patients with T2D[33], TIBDM, in turn, is a relatively small subtype that is not mediated by the immune
system and has an unclear genesis.

T1DM is related to other autoimmune conditions such as celiac disease[34,35], Hashimoto thyroiditis,
Addison's disease, pernicious anemia, efc.[36]. Moreover, patients with diabetes may have a comp-
romised immune system, leading to a more complicated course of infections, including coronavirus
disease 2019[37]. Some of the immune defects described in patients with diabetes are decreased cellular
response in vitro, low complement factor 4, diminished cytokine response after stimulation, reduced
chemotaxis, phagocytosis, and killing of polymorphonuclear cells and macrophages[38].

Regardless of the subtype, the loss of insulin secretion is a hallmark dysfunction in TIDM, and
therapeutic options aim to replace the missing insulin or restore physiological insulin secretion to
achieve normoglycemia and prevent micro- and macrovascular complications. Within the last few years,
we have seen a rapid evolution in the therapy of TIDM[39]. First, tangible progress marked the
discovery of insulin in 1921-22 by Banding and Macleod, saving from certain death children with
diabetes. The subsequent development of new analog insulins with a better therapeutic and safety
profile results in better control of hyperglycemia and a reduced risk of hypoglycemia, respectively. The
introduction of insulin pumps with continuous subcutaneous insulin administration[40] and the
implementation of modern technologies in diabetes control with continuous glucose monitoring
systems combined with glucose prediction algorithms enabling the development of artificial pancreas
delivery systems[41] marks extraordinary progress in managing T1DM.

Nevertheless, the need to completely replace the depleted pancreatic secretion also leads to the
emergence of new therapeutic horizons, including pancreas and islet cell transplantation. They allow
not only to achieve independence from exogenous insulin administration and the need to monitor blood
sugar but also successfully to afford counterregulatory hormone secretion and pancreatic exocrine
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Figure 1 Techniques for improving graft survival. A: Islet cell encapsulation (after isolation of islets by density gradient centrifugation), islets are capsuled
with different hydrogel types to obtain various sizes of capsules. Then the capsules are transplanted into the body; B: Mesenchymal stem cells modulate graft and
immune responses and support the islet cell survival after transplantation. Parts of the figure were drawn using pictures from Servier Medical Art. Servier Medical Art
by Servier is licensed under a Creative Commons Attribution 3.0 Unported License (https://creativecommons.org/Licenses/by/3.0/).
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function[42].

IMMUNOLOGICAL ALTERATIONS IN T1D

T1DM was thought to be a T cell-mediated autoimmune illness for many decades. This belief persists,
but multiple recent discoveries hint at a role for beta cells beyond being a non-provoking victim of an
autoimmune onslaught[38].

The interaction between genetic vulnerability and probable triggers is likely to begin at a young age,
gradually leading to the loss of tolerance to self and, eventually, the development of clinical symptoms.
The result is determined by genetic predisposition, decreased removal of the apoptotic cell remains,
altered immune regulation, and environmental triggers (i.e., viral infections). In addition, autoreactivity
may exist under physiological settings, and illness may arise if the integrity of the complicated
regulatory process is compromised[43].

The beta cells are destroyed by islet-infiltrating cells (i.e., CD8+ cytotoxic lymphocytes and
macrophages), resulting in insulitis. In addition, macrophages release cytokines that are harmful to beta
cells. Secondary considerations are autoantibodies, which serve as the foundation for clinical diagnosis
[43].

Initially, B lymphocytes are known to play a secondary role in TIDM that even occurs in severe
congenital B-lymphocyte immunodeficiency[44]. Xiu et al[45] considerably delayed disease development
in NOD mice by depleting B-lymphocytes using an anti-CD20 antibody. They concluded that this was
not due to T effector cell reduction or T regulatory (Tregs) induction but rather to a decrease in the
development of autoreactive T cells[45].
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However, autoreactive T cells are part of the typical T cell repertoire. In T1D, beta cells live in an
inflammatory environment and participate in their destruction. Additionally, metabolic activity is what
causes beta cell malfunction and destruction. Insulitis is characterized by inflammation, associated with
substantial metabolic, epigenetic, and autoantigenic alterations that expose beta cells to the immune
system[46]. In line with this, immunotherapy may be insufficient to treat T1D, although beta cell
therapy may help reduce beta cell immunogenicity and islet autoimmunity[47].

It was demonstrated recently that innate immunity components might play a role in T1D
pathogenesis, such as pattern recognition receptors and proinflammatory cytokines[47]. Nevertheless,
the accompanying inflammation of the islets leads to damaged beta cells and loss of insulin production.

Animal studies (i.e., non-obese diabetic mice) and human studies in T1D revealed defects in thymic
selection, expansion of effector T cells, impaired homeostasis and FoxP3+ Tregs[48]. However, even if
we accept the immune system's role in the development of T1D, science cannot assume that the disease
is entirely a result of dysfunctional immunity, i.e., autoreactive T cells. Recent research focuses on the
participation of the peripheral immune system in the targeted tissue and the role of beta cells in the
autoimmune process[49,50].

Indeed, when we accept this conception, it was demonstrated that T1D is usually characterized by
less beta-cell mass, functional capacity and inability to control glycemia. Usually, beta cells undergo
metabolic stress, inflammatory environment and other factors that increase the expression of specific
adhesion molecules and other receptors, making them prone to immune attacks[46].

Islet transplantation has been considered a potential cure for T1D by replacing the damaged beta
cells. However, its effectiveness is dependent on the underlying cause of the disease. For example, if
T1D results from a pancreatic dysfunction leading to the loss of beta cells, then islet transplantation may
be a viable option. However, if T1D is viewed as an autoimmune disorder, the presence of autoreactive
T and B cells can lead to the disease's recurrence and limit the transplantation's efficacy[47]. In such
cases, alternative approaches such as immunomodulatory therapies, co-transplantation with immune
cells, or encapsulation of islets can be explored to improve the success rate of islet transplantation.

RESULTS ON DIABETES CONTROL AND AVOIDING DIABETES COMPLICATIONS AFTER
ISLET TRANSPLANTATION

Patients with T1D or pancreatogenic (type 3c) diabetes (also known as insulin-deficient) may benefit
from islet isolation from a deceased donor followed by transplantation of allogeneic islets in the liver.
This can help alleviate hypoglycemia while stabilizing glycemic lability, and maintaining glycemic
control, ultimately improving quality of life and frequently eliminating the need for insulin therapy.
Replacement of islet function by transplantation addresses the underlying pathophysiology of long-
standing T1D with sub-total annihilation of islet alpha-cells and the associated loss of the alpha-cell
response to hypoglycemia[19]. This allows for the avoidance of hypoglycemia and stabilization of
glycemic lability, which would otherwise contribute to impaired awareness of hypoglycemic states.
Patients with T1D uncontrolled hyperglycemia, demonstrated by the recurring episodes of diabetes-
associated ketoacidosis or quickly progressing severe complications related to the disease, might also
benefit from islet transplantation[51,52].

Patients with T1D complicated by an allergy or resistance to insulin that is administered
subcutaneously are a rare but essential indication for this treatment[53]. Finally, alloislets (from a viable
allograft pancreatectomy) re-transplantation has been successfully executed in a patient with T1D who
was initially given the pancreas transplant for hypoglycemia unawareness. Similarly, a T1D patient
received simultaneous pancreas/kidney transplantation complicated by pancreas graft arterial
anastomosis bleeding[54]. Notably, the degree of glycemic control achieved within the first five days
after surgery determines the chances of accomplishing long-term insulin independence[55].

We analyzed the literature data published on islet transplantation focusing on the clinical outcomes
[55-60]. Our results have been summarized in Table 1. The total number of included patients was 372.
We established that the time for islet cell transfusion varied between 2 and 10 h. Approximately 54% of
the patients gained insulin independence at the end of the first year, while only 20% remained insulin-
free at the end of the second year. Most patients have received islet cells in the liver, and only 38
patients have IC harvested in the spleen. Another interesting fact we discovered was the high
percentage of opioid-free patients after this intervention.

Unfortunately, the Collaborative Islet Transplant Registry reported 71% insulin independence in the
first year and 24% in the third from the islet transplant centers[61]. Eventually, most transplanted
patients need exogenous insulin within a few years after the transplantation[62].

Some additional factors can also improve the outcomes after islet transplantation. For example,
experiments in mice and rats with Vitamin D show promising results on glycemia and tumor necrosis
factor-o (TNF-o) production in islet transplantation[63]. In addition, analogs of vitamin D3 are shown to
prevent the autoimmune destruction of transplanted islets in non-obese mice[64]. This is a promising

direction for research on humans due to the well-known anti-inflammatory effects of vitamin D3 in vivo
[65,66].
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Table 1 Islet transplantation protocols

. . . IEQ IEQ -
Time of Insulin Insulin harvested/a  transplanted! Opioid

Patients infusion HbA1c,1-yr, HbA1c, 2-yr, independence independence 9 P g and Organ
Ref. . e e . ) pancreas, pancreas, .

(n) of islets median (%) median (%) 1-yr, median  2-yr, median . . pain- placement

0 0 median median e
(h) (%) (%) relieving
(range) (range)
Sutherland 173 2-7 NR NR 32 24 <10001E/kg  (>5000,2500-  NR 173 liver
et al[56] 5000 and < 2500
1IE/kg)
Ahmad et 45 7-10 NR NR 40 NR NR 297889 + 49480  72% 45 liver
al[57]
Rodriguez 22 9 NR NR 41 NR 245457 (range 350428 (range 82% 22 liver
Rilo et al 20850 to 31500 to
[58] 607466-175234) 1164000-299321
Webbetal 46 NR 7 6.7 12 5 1876 (249- 1130029 (24332- NR 42 liver; 2
[59] 12271) 958078) spleen; 2
both

Garceaet 50 NR Approximately Approximately 24 10 NR NR 60% 85 liver
al[60] 6 6
Johnston et 36 89 NR 6.8 50 33 358959 4308 (769-9942)  30% 36 spleen
al[55] (45000-672000)

HbA1c: Hemoglobin Alc; IEQ: Indoor environmental quality. NR: Not reported.

IMMUNOLOGICAL CHALLENGES OF ISLET TRANSPLANTATION-CELLULAR IMMUNE
RESPONSE, INDUCTION OF TOLERANCE, REJECTION

At this point, the main complication after allogeneic islet transplantation is the chronic rejection
conducted by activated T cells. This is also the main barrier to accomplishing long-term engraftment.
One of the ways to maintain immune tolerance to the allograft is to administer immunosuppression[67].

However, this could be toxic for the islet grafts, leading to worsening long-term function of the islets,
increased risk of infections, development of cardiovascular and renal diseases, de novo diabetes,
neurotoxicity and malignancies[68].

The ultimate goal of islet transplantation is to achieve donor-specific immune tolerance. A recently
proposed method for tolerance induction using apoptotic donor lymphocytes (ADLs) in animal models
(i.e., non-human primates)[69]. ADLs employ clonal depletion, anergy, expansion of Treg cells,
regulatory B cells (Bregs), efc. Usually, these mechanisms act together to induce and maintain tolerance.
However, this approach also meets several challenges.

Initially, the immune rejection after transplantation starts with innate immune cells infiltration into
the islet grafts (i.e., macrophages), followed by donor-specific lymphocyte response, consisting of T cells
(CD4+ and CD8+) and B cells. In line with this, the protocol comprised of T cell depletion and anti-TNF
agents may enhance short-term graft survival[67]. However, this protocol has a significant drawback-it
cannot modulate antibody-mediated rejection[70,71].

Targeting Bregs (i.e., low-affinity antibodies against TIM-1, essential for Breg development) results in
considerably longer islet cell survival (about 30% of mice attained engraftment over 3 mo)[72].
Surprisingly, anti-TIM-1 treatment of B cell-depleted recipients significantly increased interferon-y and
prevented the typically seen rise in Th2 cytokines[72].

Furthermore, in a mouse islet transplant model, a combination of anti-CD45RB and anti-TIM-1
antibodies synergized in establishing tolerance in all recipients. Depending on the presence of
interleukin (IL)-10-producing B cells in the recipient, the combined antibody therapy significantly
increased the regulatory lymphocytes[73]. Furthermore, the study implied that B cells expressing CD19
and TIM-1 are part of tolerance development and maintenance. These results might clarify why B cell
reduction decreased the effectiveness of dual antibody therapy.

Cross-reactive memory T and B cells could substantially impede immunological tolerance in animals
and humans after transplantation. However, tolerance development in non-human models or humans
would be more complex than in rat models, owing to cross-reactive memory immune cells. Yet, a few
hopeful treatments exist, such as mixed chimerism through hematopoietic cell transplantation[74,75] or
ADL exposure[76], which have led us to anticipate that immune tolerance can eventually be attained in
people.

Oura et al[77] published the results of a non-human islet transplantation model where a nonmyeloab-
lative condition regimen induced the mixed chimerism-based tolerance. The latter consisted of total
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body irradiation, and administration of horse anti-thymocyte globulin, monoclonal antibodies (i.e., anti-
CD154, anti-CDS8, efc.), or cyclosporine (the so-called calcineurin inhibitor-free regimen)[77]. As a result,
temporary chimerism did not prompt tolerance to increase the islet graft survival. Eventually, the islet
stopped functioning shortly after chimerism disappeared[77]. Oura et al[77] also found that islet
recipients had greater levels of inflammatory cytokines (i.e., TNF-a and IL-17) in blood circulation than
kidney recipients[77]. This study implies that excessive levels of inflammatory mediators following islet
transplantation may impede islet graft tolerance induction. Since isolated islet grafts could induce a
significant systemic inflammatory response, this should be the focus of future research to improve
tolerance development and graft survival.

Induction of immune tolerance utilizing ethylene carbodiimide (ECDI)-fixed splenocytes in
combination with particular antigens or peptides is a method used in transplantation models, including
islet transplantation. Kheradmand et al[78] demonstrated various mechanisms (i.e., anergy, clonal
depletion, employment of Tregs, etc.) via donor ECDI-fixed splenocytes administration. These
splenocytes possess direct and indirect allospecificities that target allogeneic host responses. These
mechanisms act synergistically to cause tolerance after transplantation[78]. In addition, Tregs and
myeloid-derived cells that exert immunosuppression are activated and increased in number in the case
of ECDI-fixed splenocytes infusion[79].

Allotransplantation in sensitized patients with pre-formed donor-specific memory lymphocytes and
antibodies increases the risk of allograft rejection. Dangi et al[80] showed that administration of donor
apoptotic cells, anti-CD40L antibodies, and rapamycin before transplantation resulted in a considerable
extension of islet graft in allosensitized patients (median survival time, 35 d)[80]. Sato and Marubashi
[69] confirmed that invading B lymphocytes play an essential part in the chronic rejection of the islet
graft by stimulating local T cells. Therefore, ECDI-fixed splenocytes from the donor infused into
sensitized recipients efficiently reduced alloreactive B cells. However, the latter could be switched by
contemporary B cell invasion into the graft. As a result, in B cell-depleted patients, a method to regulate
concurrent B cell invasion is required[69].

Moreover, islet grafts might be more resistant to immunological tolerance induction. Compared to
kidney grafts, the considerably increased immunogenicity of islet grafts may impede tolerance
induction in islet transplantation[77]. Islet grafts have relatively strong cytokine secretion activity
because pancreatic islets are endocrine cells. Furthermore, cell stressors during the isolation process
cause islet inflammation, increasing the immunogenicity of the islet graft before transplantation.

These conclusions imply that the stress during the separation method activates the proinflammatory
gene program. Islet isolation entails many steps, including pancreatic distention, digesting with
collagenase, and purification. Therefore, the islets should be injured throughout each phase by hypoxia
and heated ischemia, production of activated proteolytic enzymes by acinar cells, and oxidative and
mechanical stress[69].

According to estimates, around half of the transplanted islets are irreparably destroyed around the
transplantation period (from hours to days). In addition, more than a quarter of islet grafts are known to
be lost shortly after the portal vein infusion[81]. Therefore, the initial inflammatory response is crucial in
instant transplanted islet loss due to immediate blood-mediated inflammatory reaction (IBMIR). During
IBMIR, coagulation pathways are activated, proinflammatory cytokines are produced, and innate
immune cells infiltrate the graft[82], all contributing to the islet's acute cell-mediated damage.
Additionally, IBMIR is distinguished by coagulation and complement systems activation, fast activation
and binding of platelets and leukocyte recruitment and infiltration[83].

Preconditioning isolated islets with sublethal genotoxic stress may be a potential technique for
lowering islet immunogenicity and extending islet transplant life. It is reasonable to believe that precon-
ditioning therapy for reducing graft immunogenicity will synergistically impact tolerance induction
therapy, including the ADL regimen[69].

Applying the cellular treatment is a novel approach to induce local immunotolerance and avoid islet
rejection. In addition, the administration of stem cell-derived beta cells during islet transplantation
improves graft performance while reducing the negative consequences of systemic immunosuppression.
Recent advances in T1D cell replacement treatments (i.e., non-encapsulation and local immunomodu-
latory techniques) are addressed in this concise review[84]. They include alteration of islet/cell, use of
biomaterials that provide immunomodulation, and immunomodulatory cell co-transplantation.

Co-transplantation of pancreatic islets with mesenchymal stem cells (MSCs) is one such approach that
has attracted attention. Studies have shown that using MSCs as an adjunct therapy to islet
transplantation can promote long-term graft survival, possibly by reducing inflammation and
enhancing immune tolerance[85]. For instance, co-transplantation of adipose tissue-derived MSCs and
pancreatic islets improved glycemic control and regulation of the Th17/Treg function streptozotocin-
induced diabetic mice model[86]. Encapsulation, on the other hand, is another technique that has been
extensively studied for its potential to protect transplanted islets from immune rejection while allowing
for efficient nutrient and oxygen exchange. In addition, Vegas et al[87] demonstrated that beta cells
derived from human stem cells, when implanted into mice with preserved immune competence,
resulted in long-term glycemic control[87]. Thus, further investigation into these novel strategies for
T1D cell replacement therapies may provide new insights and solutions to the ongoing challenges in
this field.
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Therefore, methods for immunoisolation or beta cell encapsulation are one approach to improving
graft performance. Still, it has its own set of obstacles, which causes a loss in cell viability over time
(Figure 1B). Although altering human islets in clinical applications is implausible, creating universal
cells from pluripotent stem cells that can elude immune identification offers enormous promise in
diabetic cell treatments. However, despite these breakthroughs, critical problems like the persistence of
genomic and epigenetic modifications and cell phenotypes stability remain unanswered. Additionally,
although these cells are hypoimmunogenic, their safety should be carefully maintained because cells
that elude the immune system are intrinsically dangerous.

Similarly, undifferentiated stem cells can potentially develop into teratomas in vivo because it is well-
known that both embryonic and induced pluripotent stem cells can differentiate into all three germ
layers. Therefore, they can form teratomas if not fully differentiated[88]. Theoretically, the presence of a
few remaining undifferentiated pluripotent stem cells can cause undesirable teratomas after
transplantation. Although "suicide genes" could be incorporated into stem cells for increased safety[89],
it is still uncertain how these cells would behave in people over time, necessitating additional research.

Biomaterials combined with immunomodulation give multiple instruments for locally modulating
immune responses and are an intriguing way to assist cell transplantation. This technique has apparent
advantages, including safety as "nonliving" materials. Furthermore, biomaterials are generally simple to
mass-produce. In contrast, cell modification or immunomodulatory cell preparation is sometimes
difficult, in addition to the necessity of good manufacturing processes that must fulfill clinical
requirements. Yet, given the restricted ligands and the eventual exhaustion of coated reagents, the long-
term durability of biomaterials and delivery techniques remains challenging. Hence, there is a need for
new approaches for the retention or restocking of the supplied reagents in the future[84].

Interestingly, immunomodulatory cells operate as "living" medicine repositories and, if engrafted,
may boost functional stability by producing cytokines continuously or expressing surface markers to
affect the immune system. Improvements in these immunoregulatory cells' acquisition, retention,
stability, potency and localization are required to increase their effectiveness and safety. As we create
T1D therapies and cures, a functioning resolution will likely need a multi-modal methodology involving
several immuno-modalities and tissue engineering methods. The strategy for the 3D-engineered
biomaterial tissue construct coupled with both invisible to the immune response cells and accessory
cells that exert could be employed to provide long-term effective and safe cell treatments for T1D.
Examining the disease's heterogeneity and customizing therapy procedures is critical to reaching the
best possible outcomes[84].

Additionally, because transplanted islets are isolated from deceased donors who are not human
leukocyte antigen (HLA)-matched to recipients, the use of multiple donors and the potential need to
discontinue immunosuppression in the case of a clinically failed islet-alone graft increases the risk of
HLA sensitization in islet transplant recipients. Most transplant patients currently have an unexplained
slow loss of islet graft function may be partly caused by allograft rejection. However, discovering anti-
HLA antibodies during graft deterioration remains uncommon[90].

FUTURE PERSPECTIVES ON ISLET TRANSPLANTATION

Future pathways for improving the outcomes of islet transplantation include obtaining alternative
sources of insulin-secreting cells, attempts to improve the immune protection and revascularization of
the transplanted tissue, and methods for enhancing viability[91].

Islets obtained from human embryonic stem cells (hESC) are in early-phase clinical trials[92]. hESC
islets should theoretically not require immunosuppression or HLA silencing, which would allow the
treatment of children. However, alternative strategies, such as xenogeneic sources of islets and human-
induced pluripotent stem cells[93], are also being researched.

Several therapeutical approaches to improve islet survivability are currently in the preclinical phase
of research. These include cellular therapies such as MSCs[94], regulatory T-cells[95], as well as
modulators of the liver niche with anti-inflammatory agents[96] and growth factors[97]. MSCs appear
promising as their anti-inflammatory and immunomodulatory properties have been used in humans for
other conditions and could, in theory, enable them to reduce the immunosuppression dose[98]. In
addition, improving vascularity through gene therapy[99] of the transplant has also been a sought-after
strategy for future development.

Last but not least, various scaffolding methods, as well as alternative implant sites, are undergoing
research to enhance the viability of the grafts. For example, dexamethasone-loaded microplate-enriched
collagen-coated polydimethylsiloxane scaffolds have improved transplant outcomes and survival[100].
While the liver currently remains the localization of choice for islet transplantation, several other sites

are being investigated, such as intramuscular[101], gastric submucosa[102], thymus, testes and the eyes
[103].
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CONCLUSION

T1DM is an immune-associated metabolic disease characterized by hyperglycemia, absolute insulin
deficiency, and a lifelong need for exogenous insulin replacement treatment. The implementation of
modern technologies in diabetes control with continuous glucose monitoring systems combined with
glucose prediction algorithms enables the development of artificial pancreas delivery systems.
Nevertheless, the need to completely replace the depleted pancreatic secretion also leads to the
emergence of new therapeutic horizons, including pancreas and islet cell transplantation. They allow
not only to achieve independence from exogenous insulin administration and the need to monitor blood
sugar but also successfully to afford counterregulatory hormone secretion and pancreatic exocrine
function. At this point, the main complication after allogeneic islet transplantation is the chronic
rejection conducted by activated T cells and autobodies-mediated rejection, the main barrier to
accomplishing long-term engraftment. To improve the outcomes, several approaches are performed:
Immunosuppression, ADLs, anti-TIM-1 antibodies, mixed chimerism-based tolerance induction,
induction of antigen-specific tolerance utilizing ECDI-fixed splenocytes, infusion of donor apoptotic
cells before transplantation, therapy with anti-CD40L antibodies and rapamycin, preconditioning of
isolated islets, inducing local immunotolerance, cell encapsulation and immunoisolation, using of
biomaterials, immunomodulatory cells, etc.
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Abstract

Acute liver failure (ALF) may result in severe neurological complications caused
by cerebral edema and elevated intracranial pressure (ICP). Multiple pathogenic
mechanisms explain the elevated ICP, and newer hypotheses have been descri-
bed. While invasive ICP monitoring (ICPM) may have a role in ALF management,
these patients are typically coagulopathic and at risk for intracranial hemorrhage.
ICPM is the subject of much debate, and significant heterogeneity exists in clinical
practice regarding its use. Contemporary ICPM techniques and coagulopathy
reversal strategies may be associated with a lower risk of hemor-rhage; however,
most of the evidence is limited by its retrospective nature and relatively small
sample size.

Key Words: Acute liver failure; Liver transplant; Hepatic encephalopathy; Intracranial
hypertension; Brain edema
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Core Tip: Despite its rare occurrence, acute liver failure generates academic interest
from multiple disciplines because of its multiorgan involvement and high morbidity and
mortality. Severe neurological complications may arise, requiring invasive monitoring
with the potential risk of fatal intracranial bleeding. Newer strategies could decrease the
risks while keeping the benefits.
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INTRODUCTION

Definition and incidence

Acute liver failure (ALF) is a rare syndrome caused by abrupt hepatocyte injury that can progress to a
fatal outcome in days to weeks. The most widely accepted definition of ALF includes evidence of
coagulopathy and any degree of mental alteration (i.e., encephalopathy) within 26 wk in a patient
without preexisting liver disease[1]. Classification according to etiology highlights associated prognostic
value and disease-specific treatment. An alternative classification quantifies the interval between
symptom onset and development of encephalopathy; hyperacute (0-7 d), acute (8-28 d), and subacute
(1-3 mo)[2]. The incidence of ALF in the United States of America is thought to be close to 3000 cases
per year[3].

Despite its rare occurrence, ALF generates academic interest from multiple disciplines because of its
multiorgan involvement and high morbidity and mortality. The survival from ALF has improved in
recent years through better knowledge of pathophysiology, advances in critical care management, and
access to emergency liver transplantation (LT)[4].

Etiology, pathophysiology and multiorgan involvement

The pathophysiological process that leads to hepatocyte injury causes either direct toxic necrosis or
immune apoptotic injury; the predominant cause for direct injury is acetaminophen toxicity, developing
from hours to days[5]. The immune apoptotic injury is a slower injury process, led by hepatitis B
infection/reactivation, autoimmune hepatitis, and drug-induced liver injury[6,7]. ALF is characterized
by the development of hepatic encephalopathy (HE), and the loss of synthetic dysfunction in the form of
coagulopathy. An elevated prothrombin time is a marker of synthetic dysfunction that occurs from the
decrease in the vitamin K-dependent coagulation factors (II, VII, IX, X); prolongation of the INR more
than 1.5 is considered a poor prognostic sign and a cornerstone of ALF diagnostic criteria.

The pathophysiology of ALF can be divided into primary liver injury specific to etiology and
secondary multiorgan failure. The primary liver insult of acetaminophen-induced ALF has the best
understood mechanism, namely glutathione depletion. The secondary multiorgan failure, severe
systemic inflammation and microcirculatory alterations contribute to a clinical picture comparable to a
distributive shock[8]. The vascular tone of the brain and kidneys are most vulnerable, leading to
cerebral edema, encephalopathy, and functional renal failure[9].

NEUROLOGICAL DYSFUNCTION IN ALF

The central place of HE in the definition of ALF reflects its key prognostic impact, and its development
reflects severely impaired liver function. A multiaxial definition of the syndromes of HE was developed
for chronic liver disease by the International Society for Hepatic Encephalopathy and Nitrogen
Metabolism based on the type of underlying hepatic abnormality, the time course, and severity of
neurological manifestations[10]. The American and European Associations for the Study of Liver
Diseases practice guidelines highlights the distinct features of HE in ALF and the association of HE with
increased intracranial pressure (ICP)[11].

Cerebral edema and resulting intracranial hypertension (ICH) are the most severe neurological
clinical manifestations in patients with ALF. In the past, cerebral edema was presumed to occur in up to
80% of patients with ALF. However, recent data from developed countries estimates a drop in the
incidence to 20%-30%, probably due to earlier diagnosis and improved management[12].

Pathogenesis of brain edema in ALF
The pathogenesis of cerebral edema in ALF is complex and only partially understood, and its
occurrence is related to the severity of encephalopathy. Cerebral edema is occasionally observed in
patients with grade I-II encephalopathy; moreover,the risk of edema increases to 25% to 35% with
progression to grade III, and 65% to 75% or more in patients reaching grade IV coma[13].

Potential contributing factors include cytotoxicity due to osmotic effects of ammonia, glutamine, and
proinflammatory cytokines, vasogenic edema due to disruption of the blood-brain barrier with the
rapid accumulation of low molecular substances, and the loss of the cerebral blood flow autoregulation.
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Multiple studies support astrocyte swelling and cytotoxic edema as major contributors to cerebral
edema in ALF[12,14,15]; the evidence is most compelling in the central role of ammonia causing
astrocyte swelling. The ammonia-glutamine hypothesis has persisted over years, describing an excess of
ammonia in the brain which is converted to glutamine with resulting osmotic effects on astrocytes. New
studies have challenged this hypothesis, concluding that astrocyte swelling may not be the result of
glutamine’s direct osmotic effect; instead, a “Trojan horse” hypothesis is proposed in which glutamine
may function as a carrier of ammonia into the mitochondria where its accumulation can lead to oxi-
dative stress and ultimately cellular swelling[16]. Oxidative stress has been implicated as an important
factor in the pathophysiology of ammonia-induced neurotoxicity through the formation of free radicals
which may result in mitochondrial permeability transition[17].

Other studies have suggested that neuroinflammatory mediators, particularly proinflammatory
cytokines such as the interleukins (IL)-1f and IL-6 and tumor necrosis factor-a, play an essential role in
the development of brain edema and ICH[18,19]. Neuroinflammation is now widely considered the
result of a direct interaction between microglia and ammonia. The released proinflammatory cytokines
from activated microglia cells and ammonia appear to act synergistically to induce cytotoxic cerebral
edema in which the blood-brain barrier is preserved.

Research combining brain imaging in the context of ALF demonstrates evidence of interstitial brain
edema in addition to cytotoxic brain edema, implying the presence of vasogenic edema, in which the
blood-brain barrier would be compromised[20,21]. Although a generalized breakdown of the blood-
brain barrier cannot be demonstrated, some studies propose the “leaky” theory, in which there are
subtle changes in the integrity of the tight junctions of the blood-brain barrier. The exact mechanism of
how cytotoxic, vasogenic, and neuroinflammation interact to bring brain edema in ALF remains
unknown.

The role of ICP monitoring in ALF

The Brain Trauma Foundation guidelines explicitly recommend ICP monitoring (ICPM) for patients
with severe traumatic brain injury to minimize mortality[22]; however, recommendations for ICPM in
patients with non-traumatic brain injury are lacking. The rationale for using monitors to measure the
pressure inside the cranium in ALF considers the potential benefit of early identification and
management of ICH. In addition, continuous ICP measurements contribute to the decision-making
process for emergency LT; intraoperative ICPM facilitates active neurological management in the setting
of rapid fluid shifts and hemodynamic instability.

Invasive ICPM remains the gold standard for the measurement of ICP[23], which may reveal occult
elevations in ICP in comatose patients with ALF[24]. Despite the proposed benefits, invasive ICPM in
this unique patient population raises concern due to the risk of life-threatening intracranial hemorrhage
in the setting of coagulopathy.

Noninvasive ICPMs offer an alternative solution in this specific group of patients, employing
techniques of optic nerve ultrasound and transcranial doppler. However, current evidence does not
support its use to accurately identify patients with ICH. One study evaluated noninvasive ICPM
techniques in comparison to the gold standard of invasive ICPM; the authors concluded that neither
optic nerve ultrasound nor transcranial doppler pulsatility index correlated with the gold standard[25].
Another standard noninvasive option is cerebral computerized tomography, yet, evidence demonstrates
this method'’s failure to consistently detect brain edema in patients with elevated ICP[23]. In addition,
the complexity of intrahospital transport for critically ill patients should not be underestimated.

With invasive ICPMs identified as the most accurate modality to identify ICH in patients with ALF,
several invasive options exist. Transducers may be placed in the brain parenchyma, ventricular system,
epidural or subdural spaces. Epidural devices have lower complication rates than subdural or intra-
parenchymal monitors[26]. A ventricular system has the potential to be diagnostic and therapeutic as
cerebrovascular fluid can be drained; however, intraventricular placement may be associated with
severe and potentially fatal hemorrhage.

LTin ALF

With high-grade HE identified as an independent predictor of mortality in patients with ALF, LT is a
potentially life-saving intervention[27]. Access to emergency LT has improved survival rates for patients
that fulfill criteria for a poor prognosis. The King’s College Criteria remains the most clinically useful
prediction tool, with disease-specific modeling for paracetamol and non-paracetamol categories[28].
Post-LT outcomes in this population are high with one- and three-year patient survival rates reported as
91% and 90% respectively[28].

Consensus guidelines for ICP monitor use

A review of the current literature highlights the lack of consensus regarding the use of ICPM in patients
with ALF. The Acute Liver Failure Study Group guidelines does not recommend the use of external
ventricular devices to monitor ICP for all patients with ALF; however, they recognize that most centers
will place ICPM in patients with advanced encephalopathy[29,30]. A survey of 24 centers in the United
States of America demonstrated that a minority (approximately 30%) of centers utilized ICPM][31].
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Invasive ICPM use in Europe is more prevalent with 55% of centers surveyed reporting use of this
monitoring modality[26]. In both surveys, invasive ICPM was reserved for patients with advanced
encephalopathy according to The West Haven criteria; the type of invasive monitor use was not
specified. The American Association for the Study of the Liver recommends invasive ICPM in patients
with ALF awaiting LT and in centers with expertise[28]; The European Association for the Study of the
Liver recommends monitoring only in a select group of patients including those with advanced enceph-
alopathy at risk of ICH, hyperammonemia, and renal or vasopressor support[32]. Table 1 summarizes
the current large-society recommendations.

Robust data regarding the impact on long-term neurological consequences of cerebral edema and
ICH in patients with ALF is scarce. Similarly, evidence reporting outcomes associated with the use of
ICPM in this patient population is also lacking. Karvellas et al[33] reported a multicenter retrospective
cohort study involving 140 patients managed with ICPM vs 489 controls without ICPM; the mortality at
21 d was not significantly different[33].

The incidence of spontaneous intracranial hemorrhage in ALF

The estimated risk of spontaneous intracranial hemorrhage in overt encephalopathy grade Il and IV is
25%-35% and 65%-75% respectively[34]. The incidence of intracranial hemorrhage has decreased over
many years. Bernal et al[4] reported a series of 3300 patients, in which intracranial hemorrhage occurred
in more than 70% of patients on initial analysis with a dramatic reduction in incidence to only 20%, with
a corresponding reduction in mortality, 20 years later[4]. The same author reported 29% incidence of
intracranial hemorrhage in a series of more than 160 patients with overt encephalopathy[14]. The risk
factors for intracranial hemorrhage include hyperacute presentation, younger age, and requirements of
vasopressors or renal replacement therapy[14,35].

Risk of bleeding and outcomes from the use of invasive ICPM in ALF

The general incidence of hemorrhagic complications from ICPM is approximately 10%-20% with fatal
hemorrhage reported in 1%-5% of patients[31,36]. The risk of intracranial bleeding is related to the type
of device and location of the ICPM placement. Some authors claim a reduction in bleeding risk by a
meticulous insertion technique and targeted peri-procedural transfusion (e.g., recombinant factor VIla
prior to the placement of the ICPM)[37]. A literature search from 1992 to 2017 shows eleven studies
reporting the use of ICPM in ALF;only four of these studies described an institutional protocol to correct
the coagulopathy prior to the insertion of ICPM. Variable use of peri-procedural blood product
transfusion was observed.

Another potential complication associated with ICPM insertion is infection. The general risk of
infection is approximately 1%-20%[38]. To our knowledge, ALF patients have no associated increase in
infection risk; however, data is limited. Multiple small case series demonstrated a low incidence of
ICPM-related infections[24,37,39]. Reported rates of infection ranged from 0%-7%. A common practice
to reduce infection risk is the administration of prophylactic intravenous antibiotics to cover the typical
skin flora prior to ICPM placement.

TECHNICAL ASPECTS FOR ICPM

It is important to acknowledge that regardless of the transducer selected, the management of ICP should
be guided by the cerebral perfusion pressure. The cerebral perfusion is estimated by the difference
between the mean cerebral arterial pressure and the ICP. To ensure accurate measurement of cerebral
arterial pressure, it is recommended that the arterial line transducer should be positioned at the external
auditory meatus, level with the middle cranial fossa[40].

Interventions for managing brain edema and ICH in ALF are out of the scope of this article. However,
standard measures are to maintain adequate sedation, head elevation at 30 degrees, target plasma
sodium levels of 145 to 155 mEq/L, maintain normocapnia with a CO, of 35 mmHg, a plasma
osmolarity of 320 mOsml/L, a mean arterial blood pressure of 75-80 mmHg, and temperature between
32-34 °C for 10-14 h in candidates for LT[41].

SINGLE-CENTER EXPERIENCE

Using the limited evidence and large-society guidelines, a protocol was developed and implemented to
guide management of severe neurological consequences of ALF in our center. Integral to this document
is the recommendation for the use of invasive ICPM in carefully selected patients. Protocol development
engaged representatives from all multidisciplinary stakeholders including hepatology, anesthesia,
critical care, and surgery. Explicit clinical criteria outlined patients appropriate for invasive ICPM use.

As outlined in this protocol, patients with high-grade HE (grade III and IV) in the context of ALF,
with the possibility of recovery from medical intervention and/or LT, warrant ICPM insertion.
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Table 1 Summary of recommendations for intracranial pressure monitor in patients with acute liver failure

Society  Recommendation Quality of evidence
AASLD ICPM is mainly considered for patients who are listed for transplantation. In the absence of ICPM, frequent Evidence level III
2005[1] evaluation for signs of intracranial hypertension is needed to identify early evidence of uncal herniation

AASLD The use of recombinant factor rVIIa may be considered NA

Revised

2011[28]

ALSFG Insufficient data to recommend ICPM placement in all patients with ALF. However, most members of the ALFSG =~ NA

2007[30] place ICPM in patients with advanced (stage III/IV) hepatic encephalopathy

EASL 2017 ICPM should be considered in a highly selected subgroup of patients, who have progressed to grade 3 or 4 coma,  (Evidence level II-3,
[32] are intubated and ventilated and deemed at high risk of intracranial hemorrhage, based on the presence of more grade of
than one of the following variables: (1) Young patients with hyperacute or acute presentations; (2) ammonia level =~ Recommendation 1)
over 150-200 Imol/L that does not drop with initial treatment interventions (RRT and fluids); (3) renal impairment;
and (4) vasopressor support (> 0.1 Ig/kg/min)

AASLD: American Association for the Study of Liver Diseases; ALSFG: United States Acute Liver Failure Study Group; EASL: European Association for
the study of the Liver; ICPM: Intracranial pressure monitor; RRT: Renal replacement therapy; ALF: Acute liver failure; rFVIIa: Recombinant factor VIla;
NA: Not available.

Due to the risk of severe brain edema, eventually obliterating the ventricles, our neurosurgical team is
reluctant to use external ventricular devices, in addition to the increased risk of periprocedural
hemorrhage. In our protocol, we use the Codman Microsensor™ intraparenchymal monitor, which
measures ICP via a strain gauge microchipat the catheter’s tip. Pressure is reflected as an electrical
voltage transmitted to the proximal end of the catheter through nylon-encapsulated copper wires. The
proximal end of the catheter is connected to the Codman Express™ monitor, which displays the ICP
value. Following baseline brain imaging andbefore insertion, the ICPMis zeroed at atmospheric
pressure; after insertion, opening pressure is determined, and real-time display and longitudinal re-
cordings are obtained.

To minimize the risk of ICPM-associated hemorrhage, coagulation correction is frequently
undertaken prior to device insertion. It is generally accepted that conventional coagulation tests (e.g.,
INR and platelet count) provide a limited perspective of in vivo clot formation in patients with liver
disease. With the growing popularity of viscoelastic testing (VET) to guide coagulation management
during LT, VET has been proposed as a more comprehensive tool to facilitate invasive procedures such
as ICPM insertion. Our protocol utilizes a combined approach of VET and conventional laboratory
testing. In our early institutional experience, directed administration of recombinant factor VlIla,
fibrinogen, platelets, and desmopressin has enabled intraparenchymal monitor insertion, maintenance,
and removal without hemorrhagic complications.

CONCLUSION

Future prospective studies are necessary to address the existing gaps in knowledge outlined in this
review. Given the rarity of ALF, and the broad spectrum of presentation, it is unlikely that single-center
studies will provide robust evidence. Most of the protocols currently in place, including the one used in
our center, are derived from retrospective observational and expert consensus statements. It is
paramount to define the specific population of patients in which insertion of ICPMs changes outcomes
and standardized transfusion protocols to minimize the associated risk of bleeding.
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Abstract

The success of solid organ transplant has steadily improved which has led to a
unique set of post-transplant issues. The rates of de novo cancer in the solid organ
transplant recipient population are higher than those in the general population.
There is growing evidence that breast and gynecologic cancers may have a higher
mortality rate in post-transplant patients. Cervical and vulvovaginal cancers
specifically have a significantly higher mortality in this population. Despite this
increased mortality risk, there is currently no consistent standard in screening and
identifying these cancers in post-transplant patients. Breast, ovarian and
endometrial cancers do not appear to have significantly increased incidence.
However, the data on these cancers remains limited. Further studies are needed to
determine if more aggressive screening strategies would be of benefit for these
cancers. Here we review the cancer incidence, mortality risk and current screening
methods associated with breast and gynecologic cancers in the post-solid organ
transplant population.
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Core Tip: Survival after solid organ transplant is continually improving. Because of this, patients are living
longer and are requiring long-term monitoring for malignancies. There is growing evidence that breast and
gynecologic cancers (specifically cervical and vulvovaginal cancers) may have a higher mortality rate in
post-transplant patients. Despite this increased mortality risk, there is currently no consistent standard
among transplant societies for screening and identifying these cancers in post-transplant patients.
Ultimately, data are not robust and further studies are needed to determine if more aggressive screening
strategies would be of benefit for these cancers.
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INTRODUCTION

Overall, survival following solid organ transplant (SOT) has improved considerably since the first
successful kidney transplant was performed in 1954. The female post-transplant population is growing
as well; with women constituting 38% of liver transplant recipients in 2021 vs 35% in 2011[1].
Improvement in post-transplant survival, along with the growing female transplant recipient
population presents unique concerns with regards to post-transplant sex-specific cancer screening.
There are currently no American Association for the Study of Liver Diseases (AASLD), European
Association for the Study of the Liver (EASL), Kidney Disease: Improving Global Outcomes (KDIGO) or
International Society for Heart and Lung Transplantation (ISHLT) guidelines regarding post-transplant
specific screening methods for gynecologic or breast cancers following liver, kidney, heart, or lung
transplantation[2-6]. Here we will review the incidence and current screening standards for breast and
gynecologic (particularly cervical, ovarian, uterine, and vulvovaginal) cancers following SOT. The data
included in this paper is extracted from studies including solid organ transplant recipients (SOTRs). It is
challenged to define the rates and true causality of de novo cancers in the post-SOT population. There is
a growing body of evidence suggesting that cancer diagnosis and cancer-related mortality are increased
in post-transplant patients as compared to the general population. Here, we will review the incidence
and mortality data available for breast and gynecologic cancers as well as the current screening
recommendations for the general population in comparison to the post-transplant population. Although
these cancers affect a small proportion of all SOTRs, they bear significance as their mortality rates
appear to be considerably higher than in the general population.

CANCER RISK FOLLOWING TRANSPLANTATION

Analysis from SOTRs registries suggests there is a higher incidence of cancers in the post-transplant
population as compared to the general population[7]. Most studies analyze the incidence of cancer post-
transplant utilizing the standardized incidence ratio (SIR), which depicts the relationship between the
observed and expected cancer cases among post-transplant patients compared to the general
population. A Swedish study conducted in 2003 demonstrated SIR of 4.0 for developing a first cancer
post renal, hepatic or other organs from 1970 to 1997[8]. Watt et al[9] found that malignancy was
responsible for 22% of deaths greater than one year after liver transplant in a population of 798 patients
[9]. Although the cancer risk post-transplant remains high, incidence of de novo malignancy following
transplantation is improving over time. In a Nordic cohort of greater than 4000 post-liver transplant
patients followed over three decades, there was a noted era-dependent decrease in SIR[10]. The SIR for
all cancers in this population decreased each decade from the 1980s to the early 2000s, however cancer
incidence remained elevated compared to the general population. These findings were attributed to
changes in immunosuppression regimens as well as changes in cancer screening protocols and patient
follow up. The majority of de novo cancers following transplantation are cutaneous and lymphoid, and
have been previously linked to the degree of immunosuppression[11-13]. However, there is also a large
category of viral infection-related cancers, including cervical, vulvar and vaginal cancers which affect
women in particular. 12805 kidney transplant recipients registered in the Netherlands Organ Transplant
Registry were followed for a total of 89651 person-years with an incidence of cancer of 7.1 percent as
well as a survival reduction of nearly 5 years despite 69 percent dying with a functioning renal graft.
The authors also highlighted that 62% of patients diagnosed with de novo breast cancer and 64% of
patients diagnosed with gynecologic cancers died from their respective cancer; both mortality rates are
considerably higher than the general population[14]. This increase in cancer-related mortality is striking
and begs the question of its true relationship to SOT or immunosuppression. But the mortality rates
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urge those managing post-transplant patients to explore perhaps more aggressive cancer screening
strategies.

Cervical cancer

Cervical cancer is primarily caused by the oncogenic human papillomavirus (HPV) infection[15,16].
Although the incidence and mortality of cervical cancer has decreased since the adoption of routine
screening with Papanicolaou (Pap) smear, cervical cancer continues to have a considerable impact on
the United States population[17]. Cervical cancer had an incidence rate of 7.5 in the general population
in 2019[18]. There is varying data on the incidence of cervical cancer in post-transplant populations.
However, several studies showed an increased risk of cervical cancer, particularly in the younger post-
transplant population[8,19-21]. In a study published by Madeleine et al[19] in 2013, there was a SIR of
3.3 for in situ cervical carcinoma in SOTRs, and a SIR of 1.0 for invasive cervical cancer[19]. After
adjustment for age, this study found that younger recipients (18-34 years old) had a higher incidence of
in situ cervical cancer. Using incidence rate ratio (IRR), which compares between subgroups of the
transplant population (in this case, age), an IRR of 4.7 for in situ cervical cancer and an IRR of 2.4 for
invasive cervical cancer in the younger transplant recipients was noted compared to older transplant
recipients. Another study found a statistically non-significant mild increase in cervical cancer post-SOT
with SIR of 2.6 [95% confidence interval (CI): 0.1-15][20]. Adami ef al[8] found cervical carcinoma in situ
SIR of 1.3 (95%ClI: 1.0-1.8) among patients transplanted with kidney, liver or other organs[8]. A separate
study published from data utilizing Swedish and Danish SOTR registries discovered a significantly
increased incidence of cervical cancer compared to the general population with SIR 2.6 (95%CI: 1.6-4.5)
[21]. Although the rate of cervical cancers varied between these studies, they illustrate a concern for
increased risk for cervical cancers in the SOTR. These studies again highlight the concern for a
significant change in incidence of cancer post transplantation. These studies also do not clearly delineate
the rates of cervical cancer screening in post-transplant patients. But given the incidence, continued
diligence seems necessary. Particularly when considering the increased mortality risk related to
gynecologic cancers.

Breast cancer

Breast cancer is the most commonly diagnosed cancer among women in the United States and was the
second leading cause of cancer-related deaths in 2021[18,22]. The etiology is thought to be multifactorial
due to the presence of proliferative breast disease, reproductive factors and genetics and is impacted by
several factors such as demographics and environmental exposures[22]. Given the incidence of breast
cancer in the general population, most transplant centers require breast cancer screening prior to
transplant listing. Several studies have shown a decreased risk of breast cancer which is likely a
consequence of pre-transplant screening methods[23-25]. In one study of 1000 post-liver transplant
patients, 57 of whom developed cancer after transplantation, the SIR for breast cancer was 0.74 (95%CI:
0.15-2.16, P > 0.05)[23]. Another study by Oruc et al[24] found the incidence rates of de novo breast cancer
following liver transplant at the University of Pittsburgh were similar to incidence of breast cancer in
the general population with incidence rate of 523.6 per 100000 women in the post-transplant population.
Though it is worth noting the incidence rate of breast cancer in the general population at the time was a
bit lower than that observed in post-transplant patients, this was not found to be statistically significant
[24]. Engels et al[25] found a significantly decreased SIR in breast cancer. Among 1700 SOTRs, there was
a SIR of 0.85 (95%ClI: 0.77-0.93). The authors attribute this significant decrease in risk to pre-transplant
cancer screening[25].

Ovarian and endometrial cancer

Ovarian cancer is the second most common gynecologic cancer and the most common cause of
gynecologic cancer-related death in the United States[26]. The most common histopathologic type is
epithelial ovarian cancer. There are many risk factors for epithelial ovarian cancer; increased age,
polycystic ovarian syndrome, endometriosis, infertility, and genetic predisposition (particularly
presence of BRCA 1 or 2 mutation and Lynch Syndrome)[26]. Most studies in SOTRs found the SIR for
ovarian cancer did not have a statistically significant increase compared to the general population, with
a range of 1.2-2[8,9,21,27]. One study did find an increased incidence of de novo ovarian cancer arising in
patients with a prior breast cancer diagnosis with an incidence of one in 6.5 women vs one in 385 for the
rest of the study population[28]. Most studies show a statistically non-significant increase in SIR for
ovarian cancer One study did show a very mildly decreased SIR of 0.95 for ovarian cancer following
SOT, however this was not statistically significant (95%CI: 0.7-1.24)[25]. There is little evidence for
ovarian cancer-related mortality within the SOTR population. However, one Korean study found the
standardized mortality rate (a comparison in mortality due to the cancer between the transplant
population and the general population) for ovarian cancer was 4.0 (95%CI: 2.1-6.5) in female kidney
transplant recipients[29]. This study had a higher incidence of ovarian, gynecologic and breast cancer as
compared to SOTR studies within North America. The reason for this difference is not clearly elucidated
in this paper. The authors postulate the difference may be due to a focus on a later transplant epoch in
the Korean population, higher proportion of female transplant recipients (43% vs 36%), genetic predis-
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position, possible unique environmental exposure of the Korean population, different immunosup-
pression regimens or different screening and surveillance protocols[11,29].

Endometrial cancer develops in about 3 percent of females in the United States[30]. The more
common type 1 endometrial cancer tends to present at an earlier stage and has a better prognosis than
type 2 for the general population. Risk factors for type 1 endometrial cancer include excess estrogen
unopposed by progestin, genetic predisposition (Lynch Syndrome), obesity, nulliparity, hypertension
and diabetes[30]. In most post-SOT studies published, there does not seem to be a statistically significant
increase in risk for development of endometrial cancer. Multiple studies have demonstrated SIR ranging
from 0.86 to 1.4 without statistical significance[20,21,25]. However one study utilizing data from the
Australian and New Zealand SOT registry did find a significant increase in uterine cancer with SIR 1.85
(95%ClI: 1.16-2.93)[27,31]. The difference in incidence in this study appears to be anomalous compared to
other post-SOT studies.

Vulvar and vaginal cancer

Vulvovaginal cancers are less common in the United States compared to the rest of the world. The
incidence of vulvar cancer was 2.5 in 100000 women in 2019; the true incidence of vaginal cancer is
unknown, however the estimated incidence of vaginal carcinoma in situ is 0.1 in 100000[18,32,33]. Most
cases of vaginal cancer in the United States are linked to HPV infection, similar to cervical cancer. Risk
factors include multiple lifetime sexual partners, current cigarette smoking, early age at first intercourse
[32,33]. Vulvar cancer is less common than the other gynecologic malignancies in the United States, and
tends to be diagnosed at earlier stages. Similar to cervical and vaginal cancer, it is also linked to HPV
infection. Other risk factors include prior history of cervical cancer or intraepithelial neoplasia, current
cigarette smoking, vulvar lichen sclerosis, immunodeficiency syndromes and northern European
descent[32]. Most studies found a dramatic increase in rates of vulvar, vaginal or combination of the two
malignancies in post-transplant patients which is postulated to be due to viral infection with HPV[34,
35]. In a retrospective study of female renal transplant patients over the age of 40 years, Meeuwis et al
[36] found 92% of cervical and vulvovaginal cancers were associated with HPV, specifically HPV 16 in
53.8% of cases[36]. In most studies, there was a statistically significant increase in vulvar and vaginal
cancers, with SIR ranging from two to forty-five-fold increase compared to the general population[8,19,
20,25,27]. One study found a higher incidence of in situ vulvar cancer in younger SOT patients (age 18-
34 years) with an increase in IRR to 4.1 (95%CI: 3.0-5.6) for vulvar cancer compared to women
transplanted over the age of 35. This study found that younger age at transplant, older immunosup-
pressive regimens containing azathioprine and cyclosporine, and increased time since transplant were
associated with a higher incidence of in situ vulvar cancer. Additionally, they found higher incidence of
in situ rather than invasive genital cancers; potentially due to diagnosis of cancer at earlier stages with
screening, or owing to the nature of vulvovaginal cancers being symptomatic, even at early stages[19,
30]. There is sparse data regarding mortality specifically due to vulvar or vaginal cancer across SOTR
studies. This may be due to diagnosis at earlier stages and consequently higher rates of remission after
treatment.

CURRENT SCREENING STANDARDS

More aggressive cancer screening methods are known to improve detection of cancer and in to thus
improve cancer-related mortality rates. Finkenstedt et al[37] introduced an intensified surveillance
protocol in their post-liver transplant patients and were able to improve the detection of de novo cancers
from 4.9% to 13%. They also observed more de novo malignancies diagnosed in earlier stages[37].
Despite studies such as this, there is no SOTR-specific guideline or guidance for breast or gynecologic
cancers aside from cervical cancer surveillance. The ISHLT recommends employing the same general
malignancy screening and surveillance methods used for the general population in pre- and post-heart
and lung transplant patients with respect to breast and gynecologic cancers[5,38]. The American Society
of Transplantation (AST) recommends annual pelvic exam with Pap smear for post-kidney transplant
patients[39]. The KDIGO recommends age-appropriate cancer screening in pre- and post-transplant
patients in their latest guidance statement, however no specific screening for ovarian, endometrial or
vulvovaginal cancers[6,40]. Thusly, the screening strategies included below are those suggested for the
general population and, if available, those recommended for the SOTR population (Table 1).

Breast cancer screening: Breast cancer screening, like many other cancer screenings relies heavily upon
risk designation of the individual being screened. Screening modality, time at which to start screening
and risk-reducing measures differ from the average risk population for women who are considered
moderate or high risk. Currently, immunosuppression and transplant status are not considered to
increase risk and thus average risk breast cancer screening strategies should be applied to these groups.
Screening is recommended by most United States government-sponsored groups and medical societies
for average risk women beginning at age 50 with mammography every 1-2 years, with interval
frequency based on imaging findings. For women age 40-49 years, it is recommended a conversation
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Table 1 Breast and gynecologic cancer screening recommendations and incidence rates as compared to the general population

Rates of malignancy in
SOTR: Increased (+),
Same (=), or Less (-)
than general population

Cancer type Current standard guidelines SOTR specific recommendations

Breast cancer = Mammography every 1-2 yr in women >  Mammography prior to transplantation if > 50 yr; otherwise, -
50 years old (for average risk). Discussion same screening interval as the general population
for screening beginning at age 40 yr

Cervical Women 21 to 29 years old should havea  Pap if younger than 30 years old at transplant, co-testing with ~ +
cancer Pap test alone every 3 yr. HPV testing Pap and HPV is preferred beginning at age 30 yr but annual

alone can be considered for women who  Pap is considered adequate

are 25 to 29 years old, but Pap tests are

preferred

Women who are 30 to 65 years old have  If performing co-testing with HPV and Pap: If results of

three options for testing: Pap and HPV baseline Pap and HPV testing are normal, co-testing can be
(co-testing) every 5 yr. Pap alone every 3  performed every 3 yr. If the patient is transplanted prior to age
yr. Or they can have HPV testing alone 21, it is recommended screening begin within 1 yr of initial
every 5 yr engagement of sexual activity
Vulvar and No current screening strategy for the AST recommends annual pelvic exam for kidney transplant +
vaginal cancer general population, however patients; otherwise, no consistent guidance across societies
recommended annual pelvic exam in
patients with HIV
Endometrial ~ No current screening strategy No current screening strategy =/-
cancer
Ovarian No current screening strategy No current screening strategy =/-

cancer

SOTR: Solid organ transplant recipient; Pap: Papanicolaou smear; HIV: Human immunodeficiency virus; AST: American Society of Transplantation.

regarding screening is initiated, but screening itself has not shown mortality benefit in this population
[41,42].

Cervical cancer screening and prevention: There is considerable data for women post-transplant
supporting a more aggressive screening approach than for the general population[13,19]. There is a
consensus statement published in 2019 by the American Society for Colposcopy and Cervical Pathology
recommending the following: Cervical cytology if the patient is younger than 30 years at transplant, co-
testing with cytology and HPV is preferred beginning at age 30 years but cytology is considered
adequate. If only performing cytology, annual cytology is recommended; if 3 consecutive cytology
results are normal, the interval frequency may be increased to cytology every 3 years. If performing co-
testing with HPV and cytology: If results of baseline cytology and HPV testing are normal, co-testing
can be performed every 3 years. If the patient is transplanted prior to age 21, it is recommended
screening begin within 1 year of initial engagement of sexual activity. Continuation of screening
throughout the patient’s lifetime is recommended. A discussion regarding quality and duration of life
should be pursued prior to discontinuation of screening[43]. There is currently guidance regarding HPV
vaccination in pre-transplant populations. Currently, it is recommended by the AASLD to administer
the quadrivalent HPV vaccine prior to listing for transplant in women up to the age of 45 years[44].
There is evidence that the HPV vaccine is safe in the immunocompromised population, including
SOTRs[45]. However, it is worth noting the immunogenicity of the vaccine is lower in certain circum-
stances: Lung transplant recipients (57.1% response rate 7 mo after vaccination), high doses of
tacrolimus, and vaccination in the early post-transplant period[46]. Further studies are required to
assess the benefit of repeating the vaccine series to improve response rates and the effect of this on
decreasing vulvovaginal and cervical cancers in the SOTR population.

Vulvovaginal cancer screening: There are currently no screening strategies for vulvovaginal cancer
other than pelvic exam. The AST recommends annual pelvic exam in post-kidney transplant patients,
however most other SOT societies lack guidance in this area[39]. Diagnosis of vulvovaginal cancers rely
upon visual assessment with histopathologic confirmation. The American College of Obstetricians and
Gynecologists (ACOG) primarily focuses on methods of prevention including administration of the
quadrivalent or nonavalent HPV vaccine[47]. There is growing evidence of increased risk for
vulvovaginal cancers among HIV patients due to immunosuppression and concomitant HPV infection.
Because of this, annual pelvic exam with close attention paid to visual inspection is recommended in
this population[48]. Although the means of immunocompromise/immunosuppression differ between
the HIV-infected population and the post-transplant population, the dramatic increased incidence of
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vulvovaginal cancers in the HIV-infected population could serve as evidence for more aggressive
screening methods in other immunocompromised (or immunosuppressed, in this case) populations.
Although there are not specific recommendations regarding screening for vulvovaginal cancers, they are
by default screened for by means of pelvic exam during cervical cancer screening-which does have
recommendations by transplant societies and the ACOG[2,4-6,13,43]. In one recent review of
gynecologic malignancies post-liver transplant, annual pelvic exam is recommended[49]. It is possible
that as vulvovaginal cancers are diagnosed in early stages, the mortality rate is relatively low. However,
treatment can potentially include chemotherapy, radiation and excision (depending on the stage); all of
which have considerable risk and cost to the patient[50].

Ovarian cancer screening: There is currently no recommended screening strategy for ovarian cancer in
women of low or average risk within the general population. Furthermore, there is no screening test
leading to the early detection of ovarian cancer that reduces ovarian cancer mortality, regardless of risk
[51]. One study found an incidence of 1 in 6.5 cases of ovarian cancer in pts with a prior history of breast
cancer suggesting closer follow up/screening for this population[28]. Obtaining a detailed family
history to identify high risk patients is essential. Patients with family history of breast or ovarian cancer,
patients of Ashkenazi Jewish descent, and patients with known hereditary syndromes such a BRCA 1 or
2 mutation or Lynch Syndrome (among others) are identified as high-risk for developing ovarian cancer
and should be considered for referral to genetic counseling. Patients with the presence of high-risk
genes may benefit from risk-reducing techniques such as bilateral salpingo-oopherectomy[52].

Endometrial cancer screening: Current screening strategies for endometrial cancer rely upon presence
of clinical signs/symptoms (such as uterine bleeding) in both average and high-risk patients. It is
recommended patients with a genetic predisposition such as Lynch Syndrome or Cowden Syndrome
potentially undergo endometrial tissue sampling every 1-2 years starting at age 30-35 years and risk-
reducing hysterectomy[53,54].

CONCLUSION

While overall survival and incidence of cancer post-SOT are improving, cancer-related mortality across
all cancers remains considerably higher in the post-transplant populations that have been studied as
compared to the general population. Despite limited series, cervical and vulvovaginal cancers appear to
be the highest risk of incidence of the gynecologic cancers following SOT. Breast cancer does not appear
to have a higher incidence following transplantation, and screening methods used in the general
population should be sufficient. Ovarian and endometrial cancer rates vary among post-SOT
populations[8,9,21,27]. For the most part, they are not significantly increased with exception of patients
with a genetic predisposition[28]. Careful history-taking with particular attention to familial cancer
syndromes is key in identifying this population.

The lack of uniform gynecologic cancer screening recommendations post-SOT may be due to the
small amount of existing evidence. Many studies either combine ovarian, uterine, cervical and
vulvovaginal cancers together into a “gynecologic cancer” group or fail to mention vulvovaginal cancers
entirely. The incidence of these cancers appears to be small when compared to other cancers. Data
regarding mortality from breast and gynecologic cancers is also lacking in these patients. The existing
data does appear to indicate a substantially higher mortality rate for SOTRs with breast and gynecologic
cancers.

Despite these limitations, there are certain modifiable risk factors to which all Physicians managing
the post-transplant population should be aware. As the most common risk factor for vulvovaginal and
cervical cancer is infection with HPV, efforts should be focused on prevention (with HPV vaccination in
those less than 45) as well as screening in order to decrease the associated morbidity and mortality of
these malignancies.

Further studies regarding breast and gynecologic cancer in SOTRs is required to assess the respective
incidence and mortality in order to direct screening and surveillance of these cancers. The decreasing
age at transplant, growing female transplant population and improved survival post-transplant
necessitate improved guidance regarding screening and surveillance of breast and gynecologic cancers
among SOTRs.
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Abstract

BACKGROUND

Gastroesophageal reflux (GER) has been associated with poor outcomes after lung
transplantation for chronic lung disease, including increased risk of chronic
rejection. GER is common in cystic fibrosis (CF), but factors influencing the
likelihood of pre-transplant pH testing, and the impact of testing on clinical
management and transplant outcomes in patients with CF are unknown.

AIM

To evaluate the role of pre-transplant reflux testing in the evaluation of lung
transplant candidates with CF.

METHODS

This was a retrospective study from 2007-2019 at a tertiary medical center that
included all patients with CF undergoing lung transplant. Patients with pre-
transplant anti-reflux surgery were excluded. Baseline characteristics (age at
transplantation, gender, race, body mass index), self-reported GER symptoms
prior to transplantation, and pre-transplant cardiopulmonary testing results, were
recorded. Reflux testing consisted of either 24-h pH- or combined multichannel
intraluminal impedance and pH monitoring. Post-transplant care included a
standard immunosuppressive regimen, and regular surveillance bronchoscopy
and pulmonary spirometry in accordance with institutional practice as well as in
symptomatic patients. The primary outcome of chronic lung allograft dysfunction
(CLAD) was defined clinically and histologically per International Society of
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Heart and Lung Transplantation criteria. Statistical analysis was performed with Fisher’s exact test
to assess differences between cohorts, and time-to-event Cox proportional hazards modeling.

RESULTS

After applying inclusion and exclusion criteria, a total of 60 patients were included in the study.
Among all CF patients, 41 (68.3%) completed reflux monitoring as part of pre-lung transplant
evaluation. Objective evidence of pathologic reflux, defined as acid exposure time > 4%, was found
in 24 subjects, representing 58% of the tested group. CF patients with pre-transplant reflux testing
were older (35.8 vs 30.1 years, P = 0.01) and more commonly reported typical esophageal reflux
symptoms (53.7% vs 26.3%, P = 0.06) compared to those without reflux testing. Other patient
demographics and baseline cardiopulmonary function did not significantly differ between CF
subjects with and without pre-transplant reflux testing. Patients with CF were less likely to
undergo pre-transplant reflux testing compared to other pulmonary diagnoses (68% vs 85%, P =
0.003). There was a decreased risk of CLAD in patients with CF who underwent reflux testing
compared to those who did not, after controlling for confounders (Cox Hazard Ratio 0.26; 95%ClI:
0.08-0.92).

CONCLUSION

Pre-transplant reflux testing revealed high prevalence of pathologic reflux in CF patients and was
associated with decreased risk of CLAD. Systematic reflux testing may enhance outcomes in this
patient population.

Key Words: Cystic fibrosis; Gastroesophageal reflux; Lung transplantation; pH monitoring

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study found that objective evidence of gastroesophageal reflux disease was present in >
50% of lung transplant candidates with cystic fibrosis (CF). However, CF patients were less likely than
those with other pulmonary diagnoses to undergo pre-transplantation reflux testing. CF patients who
underwent objective reflux testing were less likely to develop chronic lung allograft dysfunction, as those
tested positive were more likely to undergo anti-reflux surgery. Our findings provided evidence for the
association of routine peri-transplant reflux testing with improved lung transplant outcomes in CF patients,
and the importance of timely identification of reflux to allow early intervention.

Citation: Lo WK, Flanagan R, Sharma N, Goldberg HJ, Chan WW. Pre-Lung transplant reflux testing demonstrates
high prevalence of gastroesophageal reflux in cystic fibrosis and reduces chronic rejection risk. World J Transplant
2023; 13(4): 138-146

URL: https://www.wjgnet.com/2220-3230/full/v13/i4/138.htm

DOI: https://dx.doi.org/10.5500/wjt.v13.i4.138

INTRODUCTION

Gastroesophageal reflux (GER) has been associated with poor outcomes after lung transplantation
including early rehospitalization[1], early allograft injury[2], and chronic allograft rejection[3]. The
proposed mechanism for this involves the increased risk of post-transplant aspiration, which may lead
to an inflammatory cascade resulting in recurrent allograft injury and ultimately rejection. GER has been
recognized as a common condition associated with cystic fibrosis (CF), with a reported prevalence of
67%-90% in adult CF patients[4-8]. Since CF is a common indication for lung transplantation, the
detection and treatment of GER in this population may potentially reduce multiple preventable post-
lung transplant complications[9].

Unfortunately, despite the high prevalence of GER in CF patients and the association between GER
and worse lung transplant outcomes, the testing and management of GER in these patients remain
inconsistent across lung transplant centers. For instance, some centers have selectively pursued objective
GER testing and treatment in patients with restrictive lung disorders such as idiopathic pulmonary
fibrosis (IPF) rather than all chronic lung diseases, likely due to a correlation between GER and IPF in
several early studies[10-13]. However, the factors that influence whether patients with CF undergo
testing for GER prior to lung transplant are unknown. Additionally, the long-term outcomes and effects
of pre-lung transplant GER testing and management for patients with CF have not been evaluated.
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In this study, we aimed to assess the differences between CF patients with and without GER on reflux
testing during pre-lung transplant assessment, as well as the relationship between reflux test
performance and chronic rejection in this cohort. We hypothesized that GER symptoms and demo-
graphic factors would influence the likelihood of undergoing pre-transplant reflux testing, and that
performance of pre-transplant reflux testing to identify candidates for reflux interventions would
decrease the risk of post-transplant allograft rejection in this patient population.

MATERIALS AND METHODS

This was a retrospective cohort study of lung transplant recipients at a tertiary care center from 2007-
2019. All patients above the age of 18 who underwent lung transplant for a primary indication of CF
were included in the primary analysis; all transplant recipients of any indication were included to
calculate differences in the rates of reflux test performance between CF and non-CF patients. Patients
with pre-transplant anti-reflux surgery were excluded. Baseline characteristics [age at transplantation,
gender, race, body mass index (BMI)], self-reported GER symptoms prior to transplantation, and pre-
transplant cardiopulmonary testing results, including echocardiogram, right heart catheterization, and
spirometry, were recorded. ABO compatibility was assured for all donors and recipients prior to
transplantation.

Reflux testing consisted of either 24-h pH- or combined multichannel intraluminal impedance and pH
monitoring (Sandhill Scientific Inc, Highland Ranch, CO, United States) performed off acid suppression
medications prior to transplantation. The reflux monitoring systems included a catheter with one or two
pH sensor(s) which was introduced transnasally and positioned in the esophagus with the distal sensor
localized to 5 cm above the lower esophageal sphincter, as well as a portable electronic datalogger.
During the 24-h study, subjects remained upright during the day and recumbent at night, maintaining
their normal scheduled activities. Meal periods, as documented by the patients using the datalogger,
were excluded from analysis. Reflux monitoring results were analyzed with the assistance of a
dedicated software package (Bioview Analysis, version 5.6.3.0, Sandhill Scientific Inc, Highland Ranch,
CO, United States). Parameters of interest included acid exposure time [(AET) percentage of total study
time with pH < 4 at the distal pH sensor] and the DeMeester score, a composite measure of acid reflux
severity[14]. Standard normative cutoffs were employed in determining abnormal reflux[15,16].

Following transplantation, patients were prescribed a standard immunosuppressive regimen with
azathioprine or mycophenolate, a calcineurin inhibitor, and methylprednisolone[17]. Routine sur-
veillance bronchoscopy and pulmonary spirometry were performed at regular intervals according to
institutional practice, and reflexively in symptomatic patients to evaluate for complications. The
primary outcome was chronic rejection manifesting as chronic lung allograft dysfunction (CLAD),
which was defined clinically and histologically per International Society of Heart and Lung Tran-
splantation criteria[18].

Of note, post-transplant proton pump inhibitor (PPI) use was not part of the established clinical
protocol. However, the threshold to initiate such medication was low with any reflux-associated
symptoms or based on evidence of objective reflux on pre-transplant testing.

Statistical analyses were performed using y? test or student’s f-test for comparison of baseline charac-
teristics between patient groups. Time-to-event analysis was performed for chronic rejection outcome
using Cox proportional hazards model. Subjects not meeting the outcome were censored at time of post-
transplant anti-reflux surgery, last clinic visit, or death, whichever was earliest. Potential confounders
adjusted for in the multivariable Cox regression model were selected based on univariate analyses, and
included presence of typical GER symptoms pre-transplant, forced expiratory volume in 1 s on
pulmonary function testing prior to transplant, BMI, and age at transplant. All statistical analysis was
performed using SAS 9.4 statistical package (SAS Institute Inc., Cary, NC, United States).

The study was approved by the Mass General Brigham Healthcare Institutional Review Board
(2011P001563) prior to inception.

RESULTS

Of the 368 patients who underwent lung transplant during the study period, 60 subjects with CF met
inclusion criteria for the study, with 50% male, a mean age of 34 years, and a total follow-up of 254
person-years. Among all CF patients, 41 (68.3%) completed reflux monitoring as part of pre-lung
transplant assessment. Overall, objective evidence of increased acid reflux, defined as AET > 4%, was
found in 24 (58.4%) subjects. Of the subgroup of 22 (53.7%) patients reporting typical esophageal
symptoms of GER, including heartburn, regurgitation, and chest pain, 14 (63.4%) demonstrated
increased acid reflux on pH-monitoring.

Patients with CF were less likely to undergo reflux testing during pre-lung transplant assessment
compared to those with other pulmonary diagnoses (68% vs 85%, P = 0.003). CF patients with pre-
transplant reflux testing were older (35.8 years vs 30.1 years, P = 0.01) and more commonly reported
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typical esophageal symptoms of GER (53.7% vs 26.3%, P = 0.06) compared to those without reflux
testing. Conditions that may affect reflux, including major esophageal motility disorders (achalasia,
absent contractility) and gastroparesis, were not noted in our study cohort during the pre-transplant
period, likely because many patients with known history of these conditions were not transplanted.
Other patient demographics and baseline cardiopulmonary function did not significantly differ between
CF subjects with and without pre-transplant reflux testing. All CF patients underwent bilateral lung
transplant, and none received lung allografts from donors with risk factors for blood-borne disease
transmission. Post-transplant infection rates were similar between subjects who did and did not
undergo pre-transplant reflux testing, and were relatively high across both groups as is commonly seen
in this patient population (Table 1).

A significantly lower proportion of patients in the pre-transplant reflux testing group developed
CLAD compared to the no reflux testing group (21.9% vs 63.1%, P = 0.02). The risk of acute rejection did
not differ significantly between groups. Both all-cause and pulmonary mortality were higher among
those who did not undergo pre-transplant reflux testing, although statistical significance was not
reached (42.1% vs 19.5%, P = 0.11 and 31.6% vs 12.2%, P = 0.09, respectively). Post-transplant PPI use
was very common in both groups, including 83.9% in the pre-transplant testing group compared with
89.5% in the no testing group (P = 0.70), and higher than pre-transplant PPI use in both groups. One
third (8/24) of patients who were found to have objective evidence of acid reflux on pre-transplant
testing proceeded to anti-reflux surgery in the post-transplant follow-up period, while none of the
patients in the no reflux testing group underwent anti-reflux surgery.

Multivariable time-to-event analysis, summarized in Table 2, similarly demonstrated a decreased risk
of CLAD in patients with CF who underwent reflux testing during pre-lung transplant assessment
compared to those who did not, even after controlling for confounders [Cox Hazard Ratio (HR) 0.26;
95%CI: 0.08-0.92, P = 0.03]. In the Cox multivariable regression model, reports of typical reflux
symptoms also significantly predicted development of CLAD (HR 3.13; 95%CI: 1.03-9.54, P = 0.04). On
subgroup analysis of patients who underwent pre-transplant reflux testing, those with abnormal reflux
had a trend of increased risk of CLAD compared to those with normal reflux burden, although
statistical significance was not reached (HR 4.09; 95%CI: 0.74-35.2, P = 0.20).

DISCUSSION

GER has been suggested to represent a potentially modifiable risk-factor for the development of chronic
allograft rejection in lung transplant patients, given the potential role of reflux and aspiration in the risk
of allograft injury[2,3,19,20]. Moreover, both medical and surgical anti-reflux therapies have been
associated with improved allograft function and transplantation outcome among those with GER[21-
26]. The prevalence of GER in CF patients is particularly high as reported in prior studies as well as in
our cohort, where 58.4% of patients tested showed objective acid reflux on pH testing. Despite these
findings, reflux testing remains non-standardized in the evaluation of lung transplant candidates across
transplant centers and in the management of chronic lung diseases including CF. Traditionally, objective
reflux testing is more commonly obtained for patients with restrictive lung diseases, particularly those
with IPF, as prior evidence suggests a higher prevalence of and more severe reflux among those with
restrictive vs obstructive lung disease[27,28]. Data for lung transplant candidates with CF, characterized
by both restrictive and obstructive features, remains more limited. Our study demonstrated that
transplant patients with CF less likely underwent reflux testing as part of pre-transplant assessment.
However, completing pre-transplant reflux testing was an independent predictor for lower risk of
developing CLAD, after adjusting for severity of lung disease, possibly due to more timely GER
treatment. Among the subgroup who underwent reflux testing, abnormal reflux was associated with a
trend for increased risk for CLAD.

In addition to poor standardization of reflux evaluation and management in lung transplantation,
there are several other reasons why CF patients may undergo reflux testing less frequently than patients
with other chronic lung diseases. While GER can be present at any age, the risk of GER increases as one
gets older[29]. Since most CF patients present for clinical evaluation at a younger age, clinicians may be
less likely to consider GER as a contributor to clinical symptoms and pulmonary function decline. This
may, in part, explain the finding in our data that CF patients without reflux testing were significantly
younger than those who did undergo reflux testing.

Another possible explanation for why some CF patients were less likely to undergo reflux testing was
that these patients may have had more severe clinical disease, requiring urgent transplantation without
time for additional evaluation. In this scenario, these non-testing patients may have more severe
pulmonary disease before transplant and may be at higher risk for complications and poor outcomes
following transplant regardless of gastroesophageal reflux disease. Reassuringly, the pre-transplant
pulmonary function test measures were similar between CF patients who did and did not undergo pre-
transplant reflux testing, suggesting similar baseline lung function prior to transplantation between
both groups, although this may not fully reflect the speed of pulmonary decline or clinical severity that
may occasionally drive the urgency of lung transplantation.
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Table 1 Differences in demographics, transplant risk, reflux parameters, and post-transplant management between cystic fibrosis

subjects receiving and not receiving pre-transplant gastroesophageal reflux evaluation, n (%)

CF patients with pre-transplant reflux CF patients without pre-transplant reflux

Covariate testing (n = 41) testing (n=19) Pvalue
Male gender 21 (51.2) 9(47.4) 1.00
Age at lung transplant 35.8+8.21 30.1+7.89 0.01
Body mass index 20.4+251 194+1.97 0.11
Caucasian race 41 (100) 19 (100) 1.00
FEV1 before transplant 0.84 + 0.36) 0.75 +0.22 0.24
LVEF before transplant 0.60 +0.05 0.59 +0.05 0.52
Bilateral lung transplant 41 (100) 19 (100) 1.00
CMV mismatch 15 (36.6) 6 (31.6) 0.78
High-risk donor 0 0 1.00
GER symptoms before transplant 22 (53.7) 5(26.3) 0.06
Pre-transplant PPI use 27 (65.8) 16 (84.2) 0.22
Abnormal testing/ Acid reflux 24 (58.4) -

Post-transplant PPI use 34 (82.9) 17 (89.5) 0.70
Post-transplant Nissen 8 (19.5) 0 (0) 0.05
fundoplication

Any infection 35 (85.4) 17 (89.5) 1.00
Acute rejection 12 (29.3) 7 (36.8) 0.56
Chronic rejection/ CLAD 9(21.9) 12 (63.1) 0.02
Death (All-cause) 8 (19.5) 8 (42.1) 0.11
Death (Pulmonary) 5(12.2) 6 (31.6) 0.09

CF: Cystic fibrosis; FEV1: Forced expiratory volume in 1 second; LVEF: Left ventricular cardiac ejection volume; CMV: Cytomegalovirus; GER:
Gastroesophageal reflux; PPI: Proton pump inhibitor; CLAD: Chronic lung allograft dysfunction.

Table 2 Cox multivariate time-to-event analysis demonstrating the association between pre-transplant reflux testing and reduction in

chronic rejection (chronic lung allograft dysfunction) in cystic fibrosis patients, after controlling for confounders, suggesting that
reflux testing and timely treatment may reduce rejection in this patient cohort

Cox multivariate analysis hazard ratios for chronic lung

Covariate allograft dysfunction

Pre-transplant reflux testing 0.26 (0.08-0.92) 0.03
Gastroesophageal reflux symptoms before transplant 3.13 (1.03-9.54) 0.04
Forced expiratory volume in 1 second before transplant  3.17 (0.61-16.4) 0.17
Body mass index 0.98 (0.75-1.28) 0.88

Age at transplant 0.98 (0.90-1.05) 0.54

In our study, reflux testing was also associated with a significantly reduced risk of chronic rejection,
independent of baseline pulmonary function and patient-reported GER symptoms. The is notable as
symptomatic patients may be more likely to get tested and our multivariable model also found GER
symptoms to be associated with increased risk for CLAD, thereby potentially biasing the pre-transplant
reflux testing group towards development of CLAD. Our observation that completing reflux testing
correlated with lower risk of CLAD despite this potential selection bias further strengthens our results.
The possible mechanism by which reflux testing reduced risk of CLAD was likely related to the
increased early detection of pathologic acid reflux leading to consideration of anti-reflux therapy. In our
cohort, one-third of patients with pre-transplant reflux testing eventually underwent anti-reflux
surgery, compared to none in the no reflux testing group. Since most patients in both groups received
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PPI therapy post-transplant, anti-reflux surgery represented the major difference in clinical anti-reflux
management between patient cohorts. Thus, the difference in CLAD risk between groups could be due,
in part, to increased and earlier diagnosis of GER with more timely and aggressive management,
through appropriate application of anti-reflux surgery when indicated.

Despite prior evidence demonstrating the potential deleterious effect of GER on lung allografts[2,3,19,
20,30,31] and the protective effect of both medical and surgical anti-reflux therapy[21,22,24-26,32-35], the
value and optimal strategy for reflux assessment among lung transplant patients remain debated and
inconsistent across centers. In particular, timely or early anti-reflux therapy, often defined in prior
studies as within 6 mo of transplantation, has been associated with improved outcomes compared to
late or no reflux treatment among lung transplant patients with GER[23,36]. Therefore, accurate and
prompt detection of abnormal reflux among lung transplant patients may play a role in reducing
allograft dysfunction and improving outcomes. Currently, testing strategies employed by lung
transplant centers may include: No esophageal assessment; selective testing based on presence of
esophageal symptoms; selective testing based on underlying lung disease diagnosis; routine testing for
all patients. Furthermore, the testing modality obtained may include barium esophagram, upper
endoscopy, or objective reflux testing such as pH-monitoring. However, prior studies have found that
esophageal symptoms are often absent among chronic lung disease patients with abnormal reflux and
may not be adequate in guiding reflux testing, and that barium esophagram may not be sufficiently
sensitive for detection of abnormal reflux[37]. As discussed above, some centers routinely perform
reflux testing for patients with restrictive lung disease due to the higher reflux burden often observed in
this population. However, our study provides evidence that routine reflux testing should also be
advocated for CF patients undergoing lung transplant, especially given the high prevalence of reflux
and mixed restrictive and obstructive property of the condition.

The limitations of our study include its retrospective nature, which makes it difficult to assign
causality. Another limitation is the modest sample size, which reduces the statistical power, particularly
in subgroup analyses such as that of patients with reflux testing showing abnormal reflux. Additionally,
the sample size and retrospective design also limit the ability to perform more comprehensive analyses
of other potential factors that may be associated with performance of reflux testing. Despite these
limitations, our study would add to the current scarce data on the impact of objective reflux testing on
post-transplant outcomes in patients with CF.

CONCLUSION

Given that patients with CF have favorable outcomes compared to the general lung transplant
population, the judicious use of pre-transplant pH testing and appropriate management of GER is
crucial to reducing CLAD[38]. Our findings suggest that while lung transplant patients with CF are less
likely to undergo reflux testing compared to patients with other chronic lung diseases, they would likely
benefit from more routine use of reflux testing to inform prompt and effective management of GER,
including anti-reflux surgery when indicated. Thus, standardized reflux testing followed by timely
reflux management should be adopted systematically in the care of patients undergoing lung transplant
to improve post-transplant outcomes, especially among patients with CF.

ARTICLE HIGHLIGHTS

Research background

Gastroesophageal reflux is prevalent in chronic lung disease and can negatively impact lung transplant
outcomes. However, the impact of pre-transplant reflux testing is not established in the cystic fibrosis
(CF) population.

Research motivation

Routine reflux evaluation remains poorly standardized in lung transplantation, and this work
contributes to the growing literature on the utility of reflux testing and timely management in lung
transplant patients, especially those with CF.

Research objectives
To evaluate the impact of pre-transplant reflux testing on transplant outcomes in CF, as well as
determining the prevalence of reflux in this patient population.

Research methods
This was a retrospective cohort study of CF patients that underwent lung transplantation at a tertiary
referral center.
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Research results

Lung transplant candidates with CF were less likely than those with other chronic lung diseases to
undergo reflux testing. Pre-transplant reflux testing identified high prevalence of pathologic reflux in
CF. Reflux testing was associated with decreased risk of chronic rejection.

Research conclusions
Pre-transplant reflux testing revealed high prevalence of pathologic reflux in CF patients and was
associated with decreased risk of chronic lung allograft dysfunction.

Research perspectives

Systemic reflux testing may improve lung transplant outcomes in the CF population. Future research
should focus on the implementation of standardized reflux evaluation and timely reflux management in
lung transplantation, and its impact on transplant outcomes, particularly in patients with CF.
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Abstract

BACKGROUND

Pancreas transplant is the only treatment that establishes normal glucose levels for
patients diagnosed with diabetes. However, since 2005, no comprehensive
analysis has compared survival outcomes of: (1) Simultaneous pancreas-kidney
(SPK) transplant; (2) Pancreas after kidney (PAK) transplant; and (3) Pancreas
transplant alone (PTA) to waitlist survival.

AIM

To explore the outcomes of pancreas transplants in the United States during the
decade 2008-2018.

METHODS

Our study utilized the United Network for Organ Sharing Standard Transplant
Analysis and Research file. Pre- and post-transplant recipient and waitlist charac-
teristics and the most recent recipient transplant and mortality status were used.
We included all patients with type I diabetes listed for pancreas or kidney-
pancreas transplant between May 31, 2008 and May 31, 2018. Patients were
grouped into one of three transplant types: SPK, PAK, or PTA.

RESULTS

The adjusted Cox proportional hazards models comparing survival between
transplanted and non-transplanted patients in each transplant type group showed
that patients who underwent an SPK transplant exhibited a significantly reduced
hazard of mortality [hazard ratio (HR) = 0.21, 95% confidence intervals (CI): 0.19-
0.25] compared to those not transplanted. Neither PAK transplanted patients (HR
= 1.68, 95%ClI: 0.99-2.87) nor PTA patients (HR = 1.01, 95%CI: 0.53-1.95) exper-
ienced significantly different hazards of mortality compared to patients who did
not receive a transplant.
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CONCLUSION

When assessing each of the three transplant types, only SPK transplant offered a survival
advantage compared to patients on the waiting list. PKA and PTA transplanted patients
demonstrated no significant differences compared to patients who did not receive a transplant.

Key Words: Pancreas transplant; Simultaneous pancreas-kidney transplant; Pancreas after kidney transplant;
Survival; Diabetes mellitus; Insulin
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INTRODUCTION

The Diabetes Control and Complications Trial demonstrated the advantage of intensive diabetes
therapy in delaying the development of macro/microvascular diabetic-related complications and
decreasing the overall mortality rate of diabetic patients[1-4]. It is clear, however, from follow-up
studies that the risk of developing secondary diabetic complications is not eliminated, and the incidence
of hypoglycemic episodes increases over time[5,6]. As a result, pancreas transplant is the only treatment
that restores normal glucose metabolism in insulin-dependent diabetic patients[7,8].

Pancreas transplants, in relation to kidney function, fall into three different categories: (1)
Simultaneous pancreas-kidney (SPK) transplant in patients with end-stage kidney disease (ESKD); (2)
Pancreas after kidney (PAK) transplant; and (3) Pancreas transplant alone (PTA) in patients with no
kidney disease[9]. Recipient and graft survival rates and the total number of pancreas transplants had
improved in all three categories since the introduction of the procedures. However, around 2003, the
number of pancreas transplants started to decline[10]. Multiple events and factors could explain the
paradoxical relationship between declining transplants despite improving outcomes[10]. One
contributing factor was that during the period, two major studies conducted by Venstrom et al[11] in
2003 and Gruessner et al[12] in 2005 showed inconsistency in reported outcomes of patients and grafts
after a pancreas transplant. Subsequently, the overall number of active pancreas transplant centers fell.
By 2016, only 11 centers in the United States performed more than 20 pancreas transplants a year, and
most centers performed less than 5 transplants annually[10,13]. Consequently, fewer surgeons are
adequately trained in pancreas donor recovery and transplant[14,15]. Since the 2003 and 2005 studies,
no comprehensive analysis has compared the outcomes of the three categories of pancreas transplant
and waitlist survival. To remedy this gap in our understanding, the present study analyzed the
mortality of transplanted vs wait-listed patients in all three pancreas recipient categories using United
Network for Organ Sharing (UNOS)/IPTR data from May 31, 2008 through May 31, 2018. We
hypothesized that since 2005, survival for each type of transplant will have improved. Specifically:

Hypothesis 1: PTA patients will have improved survival compared to those not transplanted.

Hypothesis 2: PAK patients will have improved survival compared to those not transplanted.

Hypothesis 3: SPK patients will have improved survival compared to those not transplanted.

MATERIALS AND METHODS

Data source and measures

Our study utilized the UNOS Standard Transplant Analysis and Research file[16]. This database
contains clinical and follow-up data for all transplants in the United States. Pre- and post-transplant
recipient and waitlist characteristics and the most recent recipient transplant and mortality status were
used. We included all patients with type I diabetes listed for pancreas or kidney-pancreas transplant
between May 31, 2008 and May 31, 2018. Any patients listed for pancreas or pancreas-kidney transplant
for the first time before or after those dates were excluded. Patients listed for any organ other than a
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pancreas, pancreas-kidney simultaneously, or were listed before May 31, 2008, were excluded. Patients
under 18 years of age were also removed, as were patients with missing waitlist ID or registration dates.

Patients were grouped into one of three transplant types: SPK, PAK, or PTA. Patients listed for
pancreas and kidney transplants at the same time (with overlapping waitlist times) or receiving a
pancreas and kidney transplant together were included in the SPK group. Patients listed for their first
pancreas transplant on or after May 31, 2008, and with a kidney or kidney-pancreas transplant record
before their listing for a pancreas transplant and those receiving a pancreas transplant after having a
kidney transplant were included in the PAK group. Finally, patients listed for or who received only a
pancreas transplant, having never been listed for or received a kidney transplant, were considered in the
PTA group. Patients were considered to have a pancreas transplant if they had a pancreas transplant ID
code and date. Patient death was defined as having a death date in the UNOS record, and patients were
censored at removal from the waiting list or at the date of the last follow-up unless a death date was
present. Waitlist times were calculated as the difference between first registration (INIT_DATE) and
waitlist removal date (END_DATE), death date (COMPOSITE_DEATH_DATE), or transplant date
(TX_DATE). If a patient was listed at multiple locations or had multiple entries, we determined the
unique days between first registration and the removal date, death date, or transplant date. If a
candidate was removed for being too sick to undergo their transplant and had a death date after being
removed, the time between removal and death was added to the waitlist time. Time from transplant to
death or loss to follow-up was calculated as the difference between the transplant date and death or last
follow-up date (PX_STAT_DATE).

Statistical analysis

Descriptive statistics were calculated for transplanted and non-transplanted waitlist patients for each
transplant type group. Means, standard deviations, and ranges are used to describe continuous
variables. Categorical variables are described by frequency and percentages. Cox regression models
comparing transplanted to non-transplanted patients used transplant as a time-dependent covariate,
with time on the waitlist as time interval one and time from transplant to death or last follow-up as time
interval two for transplanted patients. Adjustment variables included age at waitlist registration,
gender, race (white, black, or other), duration of diabetes (years from the date of diabetes onset to date
of waitlist registration), body mass index (BMI), Karnofsky functional status score, and presence of
peripheral vascular disease (yes or no). BMI and functional status were divided into common clinically
relevant groups operationalized into categorical variables. Adjustment variables were not considered as
time-varying. Adjusted Cox models comparing survival after transplant between transplant-type
groups only included transplanted patients and time from transplant to death or censoring. Additional
models for up to 90 d post-transplant, 91 to 365 d post-transplant, and over 1 year post-transplant were
also performed to compare survival within each period between transplant-type groups. These models
were adjusted for the same variables as the previous set of models, with the addition of years on the
waitlist. Hazard ratio (HR) and 95% confidence interval (CI) are reported[17]. All statistical analyses
were performed using R version 3.6.2 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Demographic and clinical characteristics

There were 9498 patients listed for SPK transplant, 1111 Listed for PAK transplant, and 939 Listed for
PTA between May 31, 2008 and May 31, 2018. Of those, 6883 (59.6%) were transplanted, and 926 (8.0%)
died on the waitlist. The mean age at listing was 40.6 years (range: 18-73 years), and 6539 (56.6%)
patients were male. The majority of patients (7695, 66.6%) were white, 2187 (18.9%) were black, and 1666
(14.4%) were of other races. Almost 12 percent of patients were of Hispanic/Latino ethnicity. Most
patients (6931, 62.4%) had a high Karnofsky functional status score, 5347 (46.7%) had a normal BMI,
10217 (90.0%) did not have peripheral vascular disease, and the mean duration of diabetes before
registration was 26.5 years (Table 1).

Survival

Kaplan-Meier curves for each transplant type vs the wait list over 8 years of follow-up are shown in
Figure 1. When considering SPK transplant, there was a significant difference in the survival of the
transplanted vs non-transplanted group, starting immediately and growing as time progressed.
However, for PAK transplant and PTA, there was no separation between the groups over time,
identifying no survival differences.

Results of adjusted Cox proportional hazards models comparing survival between transplanted and
non-transplanted patients in each transplant type group are shown in Table 2. SPK transplanted patients
exhibited a significantly reduced hazard of mortality (HR = 0.21, 95%CI: 0.19-0.25) compared to those
not transplanted. Neither PAK transplanted patients (HR = 1.68, 95%CI: 0.99-2.87) nor PTA patients (HR
=1.01, 95%CI: 0.53-1.95) experienced significantly different hazards of mortality compared to patients
who did not receive a transplant. Associations of adjustment variables with mortality varied by
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Table 1 Demographic and clinical characteristics of patients listed for a pancreas transplant by transplant status and transplant type

(May 31, 2008-May 31, 2018)

SPK PAK PTA
Transplant (n ~ Waitlist(n P Transplant (n~ Waitlist(n P Transplant (n~ Waitlist(n P
=5834) = 3664) value =430) =681) value =619) =320) value
Age at registration (yr) <0.001 0.04 0.68
mean (SD) 40.1 (8.7) 41.0 (9.3) 40.6 (8.9) 41.8 (9.5) 41.7 (10.6) 41.4 (10.8)
Range 18.0-69.0 18.0-73.0 22.0-67.0 18.0 - 66.0 18.0 - 68.0 20.0 - 70.0
Gender <0.001 0.026 0.49
Female 2284 (39.1%) 1663 (45.4%) 174 (40.5%) 322 (47.3%) 378 (61.1%) 188 (58.8%)
Male 3550 (60.9%) 2001 (54.6%) 256 (59.5%) 359 (52.7%) 241 (38.9%) 132 (41.2%)
Race 03 0.08 <0.001
White 3732 (64.0%) 2295 (62.6%) 336 (78.1%) 502 (73.7%) 567 (91.6%) 263 (82.2%)
Black 1229 (21.1%) 781 (21.3%) 37 (8.6%) 88 (12.9%) 25 (4.0%) 27 (8.4%)
Other 873 (15.0%) 588 (16.0%) 57 (13.3%) 91 (13.4%) 27 (44%) 30 (9.4%)
Ethnicity 0.22 0.7 0.012
Hispanic/Latino 714 (12.2%) 480 (13.1%) 46 (10.7%) 78 (11.5%) 23 (3.7%) 24 (7.5%)
Non-Hispanic/Non- 5120 (87.8%) 3184 (86.9%) 384 (89.3%) 603 (88.5%) 596 (96.3%) 296 (92.5%)
Latino
Karnofsky score at 0.34 0.46 0.013
registration
High 3441 (60.7%) 2151 (61.9%) 291 (70.3%) 427 (66.6%) 392 (64.9%) 229 (74.1%)
Middle 2108 (37.2%) 1259 (36.3%) 114 (27.5%) 199 (31.0%) 195 (32.3%) 76 (24.6%)
Low 121 (2.1%) 63 (1.8%) 9 (2.2%) 15 (2.3%) 17 (2.8%) 4 (1.3%)
BMI at registration <0.001 0.038 0.82
Normal 2847 (49.1%) 1640 (45.2%) 200 (46.9%) 287 (42.5%) 240 (40.1%) 133 (41.8%)
Underweight 95 (1.6%) 60 (1.7%) 5 (1.2%) 8 (1.2%) 11 (1.8%) 4 (1.3%)
Overweight 2180 (37.6%) 1311 (36.2%) 172 (40.4%) 259 (38.4%) 231 (38.6%) 116 (36.5%)
Obese 674 (11.6%) 615 (17.0%) 49 (11.5%) 121 (17.9%) 117 (19.5%) 65 (20.4%)
Duration of diabetes (yr) 0.064 0.052 0.28
mean (SD) 26.3 (9.0) 26.6 (9.2) 26.9 (8.6) 28.0 (9.5) 26.6 (11.4) 25.8 (11.7)
Range 0.0-59.0 0.0-60.0 3.0-49.0 2.0-55.0 0.0-58.0 1.0-57.0
Peripheral vascular <0.001 0.96 0.78
disease at registration
No 5253 (91.5%) 3136 (87.4%) 384 (91.0%) 613 (91.1%) 545 (89.1%) 286 (89.7%)
Yes 488 (8.5%) 453 (12.6%) 38 (9.0%) 60 (8.9%) 67 (10.9%) 33 (10.3%)
Time on waitlist (yr) <0.001 <0.001 <0.001
mean (SD) 0.9 (1.0) 1.8 (1.7) 12 (1.1) 2.5 (2.0) 0.6 (0.8) 1.9 (1.9)
Range 0.0-74 0.0-103 0.0-59 0.0-99 0.0-6.7 0.0-10.0
Follow-up time after
transplant (yr)
mean (SD) 3.7 (2.5) NA 3.4 (2.6) NA 3.3 (2.5) NA
Range 0.0-10.1 NA 0.0-9.1 NA 0.0-9.1 NA

Continuous variables are presented as the mean and standard deviation (SD), and categorical variables are presented as frequency and percentage. SPK:
Simultaneous pancreas-kidney; PAK: Pancreas after kidney; PTA: Pancreas transplant alone; NA: Not available.
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Table 2 Adjusted Cox proportional hazards models comparing transplanted to non-transplanted patients within each transplant group
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SPK PAK PTA

HR (95%Cl) P value HR (95%Cl) Pvalue HR (95%Cl) Pvalue
Transplanted (No) Reference Reference Reference Reference Reference Reference
Transplanted (Yes) 0.21 (0.19, 0.25) <0.001 1.68 (0.99, 2.87) 0.06 1.01 (0.53, 1.95) 0.97
Age at registration 1.01 (1.00, 1.02) 0.04 1.03 (1.00, 1.06) 0.02 1.03 (1.00, 1.06) 0.03
Gender (F) Reference Reference Reference Reference Reference Reference
Gender (M) 0.97 (0.86, 1.08) 0.55 0.55 (0.35, 0.88) 0.01 1.46 (0.90, 2.37) 0.13
Race (White) Reference Reference Reference Reference Reference Reference
Race (Black) 1.05 (0.91, 1.22) 0.47 1.82 (0.89, 3.71) 0.1 0.34 (0.05, 2.54) 0.29
Race (Other) 0.74 (0.62, 0.89) 0.001 0.77 (0.34, 1.74) 0.53 1.27 (0.45, 3.61) 0.66
BMI (Normal) Reference Reference Reference Reference Reference Reference
BMI (Obese) 0.76 (0.63, 0.90) 0 0.46 (0.21, 1.04) 0.06 0.80 (0.39, 1.65) 0.54
BMI (Overweight) 0.87 (0.77, 0.99) 0.03 0.66 (0.40, 1.10) 0.11 0.85 (0.50, 1.46) 0.57
BMI (Underweight) 1.16 (0.77, 1.75) 0.48 3.15 (0.90, 10.96) 0.07 1.76 (0.41, 7.64) 0.45
Duration of diabetes (yr) 1.00 (0.99, 1.01) 0.96 0.99 (0.96, 1.02) 0.62 0.98 (0.96, 1.01) 0.21
Karnofsky score (High) Reference Reference Reference Reference Reference Reference
Karnofsky score (Low) 0.98 (0.60, 1.60) 0.94 2.77 (0.96, 7.95) 0.06 3.07 (0.39, 24.14) 0.29
Karnofsky score (Middle) 1.42 (1.26, 1.60) <0.001 0.89 (0.52, 1.52) 0.66 2.22 (1.35, 3.64) 0
Peripheral vascular disease ~ Reference Reference Reference Reference Reference Reference
(No)
Peripheral vascular disease ~ 1.40 (1.19, 1.66) <0.001 0.98 (0.44, 2.16) 0.95 0.99 (0.47,2.12) 0.99

(Yes)

SPK: Simultaneous pancreas-kidney; PAK: Pancreas after kidney; HR: Hazard ratios; CI: Confidence intervals; PTA: Pancreas transplant alone. Hazard

ratios and 95% confidence intervals result from multivariate Cox proportional hazards models using transplant as a time-dependent covariate.

Jaishideng®

WJT | https://www.wjgnet.com 151

transplant type.

Results of adjusted Cox proportional hazards models comparing post-transplant survival between the
transplant-type groups are shown in Table 3. In the model that utilized all post-transplant follow-up
time, PAK transplant recipients showed a significantly increased mortality hazard compared to SPK
transplant recipients (HR = 1.46, 95%CI: 1.07-2.01). In the model using only up to 90 d of follow-up, PTA
recipients showed a significantly reduced hazard compared to SPK transplant recipients (HR = 0.21,
95%ClI: 0.05-0.88). Patients in the PAK group also showed a reduced hazard in the 90 d after transplant
compared to those in the SPK group, although the association was not significant (HR = 0.25, 95%ClI:
0.06-1.03). In the model using 91-365 d of follow-up, no significant differences in mortality hazard were
observed between the three groups. In the model using over one year of follow-up time, the PAK
transplanted group exhibited a significantly increased hazard compared to the SPK group (HR = 1.59,
95%CI: 1.11-0.30), and the PTA group showed a higher hazard than the SPK group, though the
association was not statistically significant (HR = 1.36, 95%CI: 0.96-1.92).

DISCUSSION

Solid organ pancreas transplant is a complex procedure for which significant progress, in terms of
immunosuppressive and surgical advancement, has been made over the past 5 decades. However,
despite the advancement in immunomodulatory medications and surgical techniques, the number of
pancreas transplants in the United States has declined significantly since 2003 /2004[18,19]. The current
study found that simultaneous pancreas-kidney transplant offered a survival advantage compared to
patients on the waiting list. PAK transplant and PTA patients demonstrated no significant differences
compared to patients who did not receive a transplant. As mentioned, two milestone studies
demonstrated divergent results regarding pancreas transplant outcomes that are important to consider
in light of the current results. The 2005 study conducted by Gruessner et al[12] showed survival results
to be improved, while the 2003 study conducted by Venstrom et al[11] showed negative survival
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Table 3 Cox proportional hazards models comparing survival after transplant between transplant types

Greater than 1 yr post-

Overall Up to 90 d post-transplant ~ 91-365 d post-transplant fransplant

HR (95%Cl)  Pvalue HR (95%Cl)  Pvalue HR (95%Cl)  Pvalue HR (95%Cl)  Pvalue

Transplant type  Reference Reference Reference Reference Reference Reference Reference Reference
(SPK)

Transplant type ~ 1.46 (1.07,2.01) 0.02 0.25 (0.06,1.03)  0.06 1.89 (0.89,4.02) 0.1 159 (1.11,2.30) 0.01
(PAK)

Transplant type ~ 1.22 (0.91,1.65) 0.19 0.21 (0.05,0.88) 0.03 1.31 (0.64,2.68) 0.46 136 (0.96,1.92)  0.08
(PTA)

SPK: Simultaneous pancreas-kidney; PAK: Pancreas after kidney; PTA: Pancreas transplant alone; CI: Confidence intervals; HR: Hazard ratios. Hazard
ratios and 95% confidence intervals result from multivariate Cox proportional hazards models predicting survival after transplant among only

transplanted patients and excluding time on the waiting list.
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Figure 1 Kaplan-Meier curves for each transplant type: Pancreas after kidney (PAK), pancreas transplant alone (PTA), and simultaneous
pancreas and kidney transplant (SPK). The 8-year survival rate for PAK and PTA showed no separation between the transplanted and
wait-listed groups over time. Simultaneous pancreas and kidney transplanted patients showed a significant difference in survival compared to the wait-listed
group, starting immediately and growing as time progressed. PTA: Pancreas transplant alone; PAK: Pancreas after kidney; SPK: Simultaneous pancreas and kidney.

benefits.

In the category of PTA, the Gruessner study showed that the overall hazard ratio was 0.66 (95%ClI:
0.39-1.12), favoring transplantation, while the Venstrom study showed the overall hazard ratio was 1.57
(95%CI: 0.98-2.53) favoring a no transplantation strategy. In our study, we analyzed data from the
decade 2008-2018, and found recipients of PTA to have better survival results compared to the previous
analysis conducted by Venstrom et al[11] and offered non-inferior outcomes when compared to patients
on the waiting list (HR = 1.01, 95%CI: 0.53-1.95). As a result, there is mixed support for hypothesis 1, as
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survival has improved compared to the Venstrom study but has not improved compared to the
Grussner study. For PAK transplanted patients, Gruessner and colleagues found no overall difference
for transplant (HR = 0.92, 95%CI: 0.69-1.12), but Venstrom et al[11] (HR = 1.42, 95%CI: 1.03-1.94) found a
worse outcome. Our results, however, showed PAK transplanted patients to have an increased but not
significant risk of death after transplant compared to waiting list patients (HR = 1.68, 95%CI: 0.99-2.87).
As a result, there is also mixed support for hypothesis 2 as we found worse survival outcomes than
Gruessner ef al[12], but better survival than the Venstrom study. Finally, previous studies and ours
favored transplantation in the SPK transplant category. Specifically, the Gruessner study identified an
HR of 0.29 (95%CI: 0.27-0.33), and the Venstrom study identified an HR of 0.43 (95%CI: 0.39-0.48).
Compared to patients on the waiting list, the mortality HR for SPK transplant recipients in the current
study was 0.21 (95%CI: 0.19-0.25). As a result, there is support for hypothesis 3 as our results indicate
improved survival compared to the previous studies.

When we considered the SPK transplant recipients’ category as the analysis reference and broke
down the follow-up period to: (1) Up to 90 d post-transplant; (2) 91 to 365 d post-transplant; and (3)
Greater than 1 year post-transplant, we found an increased mortality risk among patients with PTA;
however, the result was not significant (HR = 1.22, 95%CI: 0.91-1.65) (P = 0.19). The increased mortality
risk was significant among patients in the PAK category (HR = 1.46, 95%CI: 1.07- 2.01) (P = 0.02).
However, it is unclear why PAK transplant offers less survival benefit when compared to SPK
transplant and the waiting list. This is more puzzling, especially if the expected sequence of PAK
transplant is to receive a kidney from a living donor first, followed by a pancreas from a deceased
donor. This sequence of events should offer a better survival than our results and previously published
ones. Therefore, more analysis is needed to dissect all characteristics and conditions associated with the
PAK category.

In relation to diseases that could influence poor outcomes, we also reviewed the impact of peripheral
vascular disease (PVD) on the survival of the study patients. Patients diagnosed with PVD have a 3-fold
increased risk of dying from all causes and a 6-fold increased risk of dying from cardiovascular disease
within 10 years compared with patients without PVD[20-22]. Diabetic patients with PVD and those
younger than 75 years have a 23% increase in mortality rate vs 7% among the control group[23]. We
found patients from the SPK category group to have a lower incidence of PVD (8.5%) when compared to
waitlist patients (12.6%) (P = 0.001). In the adjusted Cox proportional hazards models comparing
transplanted to non-transplanted patients within each transplant category, SPK transplanted patients
with PVD showed a significantly increased mortality risk compared to wait-listed patients (HR = 1.40,
95%Cl: 1.19-1.66, P = 0.001). This could add a biased survival advantage when patients with less PVD
are selected to proceed with SKP transplants after bypassing patients with more PVD on the waiting list.
When reviewing the impact of BMI on the survival of the study patients, we found a paradoxical benefit
of obesity among transplanted patients compared to wait-listed patients. This association was
significant in the SPK category (HR = 0.76, 95%CI: 0.63-0.90) (P = 0.00) but was not significant in the
PAK and PTA categories. The controversial advantage of obesity among patients with ESKD was shown
before. Abbott et al[24] performed a retrospective analysis of the United States Renal Data System
(USRDS) Dialysis Morbidity and Mortality Wave II Study patients who started dialysis in 1996 and were
followed until October 31, 2001. They concluded that BMI > 30 kg/m? was associated with improved
survival in hemodialysis patients.

These results, in total, could be seen as an advancement in the field of transplantation and diabetic
care in general. When we consider the consensus of the previous two studies and ours in favoring
survival among patients who received SPK transplant, we are likely seeing a result of the remarkably
high mortality rate among patients with end-stage kidney disease[25]. As a result, the benefit after an
SPK transplant would appear to be more a consequence of resolving the kidney disease[25]. On the
other hand, the lack of differences identified in the PAK and PTA groups, despite improved surgical
and medical management techniques, likely points to similar progress in diabetic care in terms of
medical technology, which improved the survival of diabetic patients with standard insulin therapy
[26]. Patients with advanced diabetic disease may most benefit from PAK transplant or PTA. Previous
studies have shown improved cost-effectiveness and quality of life for these groups compared to
diabetic management through insulin alone[27].

CONCLUSION

Our study showed the survival advantage of SKP transplants compared to patients on the waiting list
over the last decade. However, PAK transplant and PTA demonstrated no significant differences
compared to patients who did not receive a transplant.
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Research background

Pancreas transplant is the only treatment that establishes normal glucose levels for patients diagnosed
with diabetes. A significant advancement in management of diabetes associated with significant
improvement in diabetic patients outcome has been achieved within the last decade. During the same
period of time, there has been a noticeable decline in pancreas transplant procedures in the United
States. In order to outline the importance of pancreas transplant as the only incurable treatment
available for diabetes that could lead to normal glycemic status of these patients, we analyzed the
outcome of pancreas transplant vs diabetic standard of care in the United States from 2008 to 2018.

Research motivation

A noticeable and significant decline of pancreas transplantation in the United States since 2004 has led
to a decrease in the number of transplant centers that perform such procedure. This decline has led to a
significant limitation among transplant surgeons and transplant physicians that are caring for patients
receiving pancreas transplant. This study was to highlight the benefit of pancreas transplant in curing
diabetes and to emphasize the potential benefit of pancreas transplantation in order to increase the
number of diabetic patients that could receive this curative therapy.

Research objectives

The objective of this study was to bring pancreas transplant as a curative treatment, that could achieve
glycemic control among diabetic patients, to the attention of transplant and endocrinology stakeholders.
With the current technological advancement in treatment of diabetes, still a significant number of
patients suffer from acute hyper and hypoglycemic events in addition to the chronic complications of
diabetes. We hope that our research will at the current body of knowledge that supports pancreas
transplant as a definitive treatment for diabetes and will encourage more clinical trials to compare
standard of care for diabetes vs organ transplantation.

Research methods

Our study utilized the United Network for Organ Sharing Standard Transplant Analysis and Research
file. This database contains clinical and follow-up data for all transplants in the United States since 1988.
We included all patients with type I diabetes listed for pancreas or kidney-pancreas transplant between
May 31, 2008 and May 31, 2018 and compared their outcome with the patients that had type 1 diabetes
and were being listed and waiting for an organ transplant.

Research results

The adjusted Cox proportional hazards models comparing survival between transplanted and non-
transplanted patients in each transplant type group showed simultaneous pancreas and kidney
transplant patients to exhibit a significantly reduced hazard of mortality [hazard ratio (HR) = 0.21, 95%
confidence interval (CI): 0.19-0.25] compared to those not transplanted. Neither transplanted patients
(HR =8, 95%CI: 0.99-2.87) nor pancreas transplant alone patients (HR = 1.01, 95%CI: 0.53-1.95)
experienced significantly different hazards of mortality compared to patients who did not receive a
transplant.

Research conclusions

Our study showed the survival advantage of simultaneous kidney and pancreas transplants compared
to patients on the waiting list over the last decade. Patients who underwent pancreas transplant alone
demonstrated no significant differences compared to patients who did not receive a transplant, which
could highlight the importance of pancreas transplant alone despite the advancement in the technology
of insulin delivery and diabetic management over the last decade.

Research perspectives

We hope that our study will encourage future clinical trials to randomize patients between diabetic
standard of care vs transplantation. Meanwhile, we are conducting further studies to address disparities
among patients who are receiving pancreas transplant vs remaining on the waiting list. We are aiming
to identify any barriers among minorities that could prevent their access to transplant evaluation and to
receive an organ transplantation.
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Abstract

BACKGROUND
Blood transfusion is common during the peri-transplantation period. The
incidence of immunological reactions to blood transfusion after kidney tran-

splantation and their consequences on graft outcomes have not been extensively
studied.

AIM
To examine the risk of graft rejection and loss in patients who received blood
transfusion in the immediate peri-transplantation period.

METHODS
We conducted a single-center retrospective cohort study of 105 kidney recipients,

among them 54 patients received leukodepleted blood transfusion at our center
between January 2017 and March 2020.

RESULTS

This study included 105 kidney recipients, of which 80% kidneys were from
living-related donors, 14% from living-unrelated donors, and 6% from deceased
donors. Living-related donors were mostly first-degree relatives (74.5%), while
the rest were second-degree relatives. The patients were divided into transfusion (
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n = 54) and non-transfusion (n = 51) groups. The average hemoglobin level at which blood
transfusion was commenced was 7.4 £ 0.9 mg/dL. There were no differences between the groups
in terms of rejection rates, graft loss, or death. During the study period, there was no significant
difference in creatinine level progression between the two groups. Delayed graft function was
higher in the transfusion group; however, this finding was not statistically significant. A high
number of transfused packed red blood cells was significantly associated with increased creatinine
levels at the end of the study.

CONCLUSION
Leukodepleted blood transfusion was not associated with a higher risk of rejection, graft loss, or
death in kidney transplant recipients.

Key Words: Transplantation; Transfusion; Rejection; Graft survival

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Blood transpfusion in patient undergoing kidney transplantation has long been avoided for the
fear for the potential risk of reciepient's immunization and potential rejection. This study addresses the
risks of peri-transplantation outcomes of blood transfusion.
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INTRODUCTION

Anemia is common in the early post-kidney transplant period[1-3]. The causes of this anemia are
multiple and may include blood loss during the surgical operation, erythropoietin deficiency, iron
deficiency as a result of previous end-stage renal disease along with delayed graft function (DGF), and
adverse reactions to immunosuppressive agents. In some cases, blood transfusion is an essential life-
saving practice. Blood transfusion is widely used in the early post-transplantation period following
surgery|[2].

However, blood transfusion is not without risks. Exposure to non-self human leukocyte antigens
(HLAs) can lead to the formation of anti-HLA antibodies or allosensitization[2-4]. Donor-specific
antibodies (DSAs) can develop in kidney recipients after receiving a blood transfusion[2]. HLA sensit-
ization may have negative clinical impacts, including, an increased risk of rejection, and graft loss.
Despite these risks, clinical guidelines do not provide specific recommendations for blood transfusion
during the perioperative period[4]. This uncertainty could be due to the assumption that post-kidney
transplant patients receive immunosuppressive agents, which could reduce the possibility of allosensit-
ization[4,5].

The incidence of immunological reactions to blood transfusion after kidney transplantation and their
consequences on graft outcomes have not been extensively studied. Our study aimed to examine the
risk of graft rejection and graft loss in patients who receive a blood transfusion in the immediate post-
transplantation period and those who were on immunosuppressive therapy.

MATERIALS AND METHODS
Study design

This was a single-center retrospective cohort study of kidney transplantation recipients who received
either deceased or living-donor kidneys at Al-Hada Armed Forces Hospital, Taif, Saudi Arabia between
January 2017 and March 2020. No other solid-organ transplantation or spontaneous kidney-pancreas
transplantation was performed at our center during the study period.

We surveyed kidney transplant recipients who received a blood transfusion in the peri-transplant
period (one week prior to transplantation and one month after the surgery). The control group included
patients who underwent kidney transplantation during the same period but did not require blood
transfusion. At our institution, only leukodepleted blood products are administered to kidney
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transplant candidates and kidney transplant recipients; this applied to the kidney recipients enrolled in
this study. Data were obtained from the patients’ electronic files in the hospital. However, blood
product type (leuko-depleted vs non-leuko-depleted) was confirmed from the blood bank records. We
excluded recipients who were < 18 years of age, those with previous organ transplantation, those who
required desensitization prior to transplantation, those on a calcineurin inhibitors (CNIs) avoidance
protocol, and those who required permanent withdrawal of one or more of their immunosuppressive
therapies.

During the study period, Immunosuppression protocol in our hospital consisted of induction therapy
with either antithymocyte globulin (cumulative dose of 4-6 mg/kg) or basiliximab (two intravenous
doses of 20 mg on post-op days 0 and 4) and maintenance immunosuppression with tacrolimus
(targeting a tacrolimus level of 8-10 ng/mL in the first three months then 4-6 ng/mL), an antimetabolite
(mycophenolate mofetil 1 gm twice daily) and prednisone (tapered to a maintenance dose of 5 mg
daily).

Outcomes

Primary outcomes were biopsy-proven rejection, DGF, graft loss within the first 18 mo post-
transplantation and death of any cause during the same time period. Post-transplant kidney biopsy and
DSA identification were not performed routinely in this cohort but rather on a for-cause basis.
Secondary outcomes were changes in creatinine levels during the study period, infections, and
urological complications. Both cellular and antibody-mediated rejections were accounted for. Graft loss
was defined as the need for another renal replacement therapy. Identification of DSAs was performed
using a Luminex single-bead antigen solid-phase assay with a cutoff of 1000 mean fluorescence
intensity.

Statistical analysis

All analyses were performed using SPSS version 26 (IBM, Armonk, NY, United States). Continuous
variables are denoted as mean + SD for normally distributed variables or median (interquartile range)
for non-normally distributed variables. The Shapiro-Wilk test was used to assess the normality of
continuous variables to guide the selection of a parametric or nonparametric test for the comparison of
variables. The variables were compared using the Welch’s t-test, Student’s t-test, and Mann-Whitney-U
test. Categorical variables were presented as frequencies and percentages and were compared using the
x* or Fisher's exact tests as appropriate. All independent variables from the univariate linear regression
analysis with P < 0.05 were entered into a multivariate linear regression model to examine their
association with creatinine changes. All reported P values were two-sided and P values < 0.05 were
considered to indicate a statistical significance.

RESULTS

A total of 124 kidney transplant surgeries were performed at Al-Hada Armed Forces Hospital during
the study period (between January 2017 and March 2020). Nineteen patients were excluded they were <
18 years (three recipients), had a previous kidney transplant (five recipients), required desensitization
prior to surgery (nine recipients), had ABO incompatibility (1 recipient), and lacked sufficient
information (one recipient). The final analysis included data from 105 recipients. The patients were
divided into two groups: Blood transfusion (54 recipients) and non-transfusion (51 recipients) groups
(Table 1). The transplant recipients in our cohort had a higher prevalence of male sex (77 recipients:
73%), and most kidney transplantations were from living-related (84 recipients, 80%) than living-
unrelated (15 recipients, 14%) donors or from deceased-donor kidney transplantation (six recipients;
6%). The median number of HLA mismatches was three in both groups. Basiliximab was the most
commonly used agent for induction (62 recipients; 59%). All the recipients in our cohort received a
tacrolimus-based regimen with an average tacrolimus level during the study time of 7 ng/mL (6-8 ng/
mL).

Approximately 85 (69%) recipients in our cohort had anemia [hemoglobin (Hb) of < 12 g/dL];
however, only 57 (54%) recipients received blood transfusions. Among the 57 recipients who received
blood transfusion 31 recipients (54%) received only 1 unit, 15 (26%) received two units, 7 (12%) received
three units, 3 (5%) received four units, and only 1 (2%) received nine units of blood. The average Hb at
the time of transplantation was significantly higher in the non-transfusion group (11.2 mg/dL vs 9.8
mg/dL, P <0.001) (Table 2). In the transfusion group, the average Hb level at which blood transfusion
was initiated was 7.4 £ 0.9 mg/dL. There were no significant differences in infectious and non-infectious
complications between the two groups (Table 3). Additionally, there was no significant difference in
graft loss or all-cause death between the two groups (Table 4, Figures 1 and 2). There was no significant
difference in creatinine level progression between the two groups during the study period (Figure 3).

Rejection occurred in five recipients in our cohort; three had cellular rejection and two had antibody-
mediated rejections (Table 5). All rejection episodes were biopsy-proven, and three occurred in the
transfusion group; nevertheless, there was no significant difference in the rate of rejection between the
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Table 1 Baseline characteristics of both the transfusion and non-transfusion groups, n (%)

Total cohort, 105 Non-transfusion, 51 (48.6%) Transfusion, 54 (51.4%) Pvalue

Age (mean * SD) 39.7£14.5 405+13.9 389+15.1 0.583
Gender

Female 28 (26.7) 10 (19.6) 18 (33.3) 0.127
Male 77 (73.3) 41 (80.4) 36 (66.7)

Type of transplantation

LRKTx 84 (80) 43 (84.3) 41 (75.9) 0.566
LURKTx 15 (14.3) 6 (11.8) 9 (16.7)

DDKTx 6(5.7) 2(3.9) 4(7.4)

HLA mismatch 3 (1-4) 3 (0-4) 3 (2-4) 0.152
Cause of ESRD

Diabetes 18 (17.1) 7 (13.7) 11 (20.4) 0.331
GN 26 (24.8) 11 (21.6) 15 (27.8)

Hypertension 18 (17.1) 12 (23.5) 6 (11.1)

PCKD 1(1) 12 0(0)

Urological 7 (6.7) 2(3.9) 5(9.3)

Other 35 (33.3) 18 (35.3) 17 (31.5)

Donor's age 33+8.6 324+84 33.5+88 0.562
Induction therapy

ATG 42 (40) 21 (41.2) 21 (38.9) 1
Basiliximab 62 (59) 30 (58.8) 32 (59.3)

No induction 1(1) 0(0) 1(1.9)

Maintenance immunosuppression

CNI used tacrolimus 105 (100) 51 (100) 54 (100)
Average CNI level 7 (6-8) 7 (6-8) 7 (6-8) 0.743
Antimetabolite used (MMF) 105 (100) 51 (100) 54 (100)

LRKTX: Living-related kidney transplantation; LURKTx: Living non-related kidney transplantation; DDKTX: Deceased-donor kidney transplantation;
HLA: Human leucocyte antigen; ESRD: End-stage renal disease; GN: Glomerulonephritis; PCKD: Polycystic kidney disease; ATG: Antithymocyte globulin;
CNI: Calcineurin inhibitor; MMF: Mycophenolate mofetil.

Table 2 Blood transfusion information

Total, 105  Non-transfused, 51 (48.6%) Transfused, 54 (51.4%) P value
Hemoglobin at transplantation 105+1.7 112+1.6 98+1.6 <0.001
Hemoglobin at blood transfusion 74+09
Hemoglobin after transfusion 92+1.1
Number of blood transfusion units given 1(0-1.5) 1(0-1.5)

two groups. Additionally, during the study period, there was an improvement in serum creatinine
levels in all the patients with rejection in both groups. None of the recipients with allograft rejection lost
their grafts during the study period. However, one of the recipients died due to coronavirus disease
2019 pneumonia with a functioning graft. There were no statistically significant differences in age, sex,
type of transplantation, HLA mismatch, induction therapy, or CNI levels between patients who
developed rejection and those who did not.
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Table 3 Infectious and non-infectious complications among the two groups, n (%)

Total, 105 Non-transfusion, 51 (48.6%)  Transfusion, 54 (51.4%) Pvalue
No. of infections 0(0-1) 1(0-1) 0 (0-1.25) 0.554
Types of infections
none 55 (52.4) 25 (49) 30 (55.6) 0.745
UTI 30 (28.6) 14 (27.5) 16 (29.6) 0.832
Pnemonia 1(1) 1(2 0(0) 0.486
TB 1(1) 0(0) 1(1.9) 1
BK 7(6.7) 5(9.8) 2(3.7) 0.261
Bactremia 4(3.8) 12 3(5.6) 0.618
Epidediymo-orchitis 2(1.9) 12 1(1.9) 1
Gastroenteritis 2 (1.9) 2(3.9) 0(0) 0.234
Herpes zoster 1(1) 0 (0) 1(1.9) 1
Infected AVF 1(1) 1(2) 0(0) 0.486
Perianal abcess 1(1) 1(2) 0 (0) 0.486
COVID-19 9 (8.6) 6 (11.8) 3 (5.6) 0.311
URTI 2(1.9) 1(2) 1(1.9) 1
MV 12 (11.4) 6 (11.8) 6 (11.1) 1
Urological complications
None 95 (90.5) 49 (96.1) 46 (85.2) 0.484
Allograft artery stenosis 1(1) 0 (0) 1(1.9)
Collection 3(2.9) 1(2) 2(3.7)
Lymphocele 1(1) 0 (0) 1(1.9)
Obstrctive uropathy 1(1) 0(0) 1(1.9)
Perinephric collection and ureteric 2 (1.9) 0 (0) 2(3.7)
stricture
Unrogenic bladder 1(1) 0 (0) 1(1.9)
Urinary leak 1() 1(2) 0(0)
Urological complications
No 95 (90.5) 49 (96.1) 46 (85.2) 0.094
Yes 10 (9.5) 2(3.9) 8 (14.8)
CNI withdrawal 1(1) 0 (0) 1(1.9) 1
Duration from Tx 3d
MMEF withdrawal 1(1) 0(0) 1(1.9) 1
Duration from Tx 3d
Steroids withdrawal 0 (0) 0 (0) 0 (0)

UTL Urinary tract infection; TB: Tuberculosis; AVF: Arterio-venous fistula; COVID-19: Coronavirus disease 2019; URTI: Upper respiratory tract infection;
CMV: Cytomegalovirus; CNI: Calcineurin inhibitor; MMF: Mycophenolate mofetil.

The incidence of DGF was higher in the transfusion group; however, this difference was not statist-
ically significant. In contrast, analysis of the predictors of DGF using multivariate logistic regression
showed that age [adjusted odds ratio, 1.06, 95% confidence interval (CI): 1.012-1.111; P = 0.014] and
blood transfusion (adjusted odds ratio 5.649, 95%CI: 1.106-28.848; P = 0.037) were significant
independent risk factors for DGF. There were no significant differences in graft loss or all-cause death
mortality between the two groups.
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Table 4 Comparison in Outcomes of transplantation between the two groups, n (%)

Total, 105  Non-transfusion, 51 (48.6%) Transfusion, 54 (51.4%) Pvalue
Rejection 5(4.8) 2(3.9) 3 (5.6) 1
Rejection type
ABMR 2 (40) 1 (50) 1(33.3) 1
Cellular 3 (60) 1 (50) 2 (66.7)
Graft loss 4(38) 1) 3(5.6) 0.618
Death 2(1.9) 1(2) 1(1.9) 1
DGF 11 (10.5) 2(3.9) 9 (16.7) 0.053
Serum creatinine
At discharge 141 +124.1 123 +56.7 158 +163 0.770
6 mo 108 +40.7 107.1+28 108.9 £50.4 0.825
12 mo 109.1 £51.3 101.9 £22.9 117 £ 69.8 0.182
18 mo 126 £168.7 106.2 £26.5 147.4 £241.5 0.735
Creatinine difference: At 18 mo-at discharge -19.4 £ 61.5 12.3+253.8 0.439

ABMR: Antibody-mediated rejection; DGF: Delayed-graft function.
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Figure 1 Comparison in the outcomes between the blood transfusion vs non-blood transfusion groups. DGF: Delayed graft function.

We conducted a multiple linear regression analysis to examine the association between creatinine
change (the difference between creatinine at the end of the study and baseline creatinine) as a
dependent variable and eligible study variables as independent variables. We found that a higher
number of transfused packed red blood cells was significantly associated with increased creatinine
levels at the end of the study (B = 20.14; SE = 6.99; P = 0.004), whereas a higher creatinine level at
discharge was associated with milder creatinine increase over the study period (B =-0.79; SE = 0.12; P <
0.001) (Table 6).

Gishidengs WIT | https://www.wjgnet.com 162 June 18,2023 | Volume13 | Issue4 |



Table 5 Characteristics of rejection developers vs non-rejection developers among the study cohort, n (%)

Bukhari MA et al. Peri-transplantation blood transfusion risks

Non-rejection, 100 Rejection, 5 P value

Age (mean * SD) 36.5 (28.25-51.75) 36 (21-46.5) 0.383
Gender
Female 28 (28) 0(0) 0.321
Male 72 (72) 5 (100)
Type of transplantation
LRKTx 81 (81) 3 (60) 0.172
LURKTx 13 (13) 2 (40)
DDKTx 6 (6) 0(0)
HLA mismatch 3 (1-4) 3 (1-4) 0.729
Cause of ESRD
Diabetes 18 (18) 0(0) 0.199
GN 23 (23) 3 (60)
Hypertension 18 (18) 0 (0)
PCKD 1(1) 0(0)
Urological 6 (6) 1 (20)
Other 34 (34) 1 (20)
Donor's age 32 (26-39) 28 (25.5-43.5) 0.981
Induction therapy
ATG 41 (41) 1 (20) 0.438
Basiliximab 58 (58) 4 (80)
No induction 1(1) 0 (0)
Average CNI level 7 (6-8) 8 (6.5-9) 0.311
Hb at transplantation 10.65 (9.025-11.3) 10.7 (9.05-12.45) 0.792
Hb at blood transfusion 74 (6.8-8) 7.8! 0.138
Hb after transfusion 8.9 (8.4-10) 10" 0.382
No of blood transfusion unites given 1(0-1) 1(0-3) 0.491
Serum creatinine
At discharge 111 (83.25-142.75) 151 (113.5-222.5) 0.096
6 mo 102.5 (80.5-123) 120 (80-156) 0.420
12 mo 99.5 (81.75-119.25) 124.5 (92.5-140.75) 0.201
18 mo 105 (84.25-119) 107 (72-) 0.894
Death 1(1) 1 (20) 0.093
DGF 909 2 (40) 0.084
No. of infections 0(0-1) 1(0-2) 0.651
Types of infections
None 53 (53) 2 (40) 0.188
UTI 30 (28.6) 29 (29) 1
Pnemonia 1(1) 1(1) 1
TB 1(1) 1@ C
BK 7(6.7) 7(7) 1
Bactremia 4 (3.8) 4 (4) 1
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Epidediymo-orchitis 2(1.9) 2(2) 1
Gastroenteritis 2 (1.9) 1(1) 0.093
Herpes zoster 1(1) 1(1) 1
Infected AVF 1(1) 1(1) 1
Perianal abcess 1(1) 1(1) 1
COVID-19 9 (8.6) 8 (8) 0.367
URTI 2(1.9) 1(1) 0.093
MV 11 (11) 1 (20) 0.462

Urological complications

None 90 (90) 5 (100) 1
Allograft artery stenosis 1(1) 0 (0)
Collection 3(3) 0 (0)
Lymphocele 1(1) 0 (0)
Obstrctive uropathy 1(1) 0 (0)
Perinephric collection and ureteric stricture 2 (2) 0 (0)
Unrogenic bladder 1(1) 0(0)
Urinary leak 1(1) 0(0)

Urological complications
No 90 (90) 5 (100) 1

Yes 10 (10) 0(0)

Interquartile range could not be calculated due to small number of patients for this outcome.

COVID-19: Coronavirus disease 2019; LRKTX: Living-related kidney transplantation; LURKTx: Living non-related kidney transplantation; DDKTX:
Deceased-donor kidney transplantation; HLA: Human leucocyte antigen; ESRD: End-stage renal disease; GN: Glomerulonephritis; PCKD: polycystic
kidney disease; ATG: Antithymocyte globulin; CNI: Calcineurin inhibitor; MMF: Mycophenolate mofetil; Hb: Hemoglobin; DGF: Delayed-graft function;
UTL Urinary tract infection; TB: Tuberculosis; AVF: Arterio-venous fistula; URTI: Upper respiratory tract infection; CMV: Cytomegalovirus.

Table 6 Multiple linear regression analysis of the association between creatinine change and eligible study variables

B SE 95%Cl P value
(Intercept) 70.23 18.72 33.54 to 106.92 <0.001
Male vs female -1.74 18.59 -38.17 to 34.69 0.925
No. of PRBCs 20.14 6.99 6.45 to 33.84 0.004
Creatinine at discharge -0.79 0.12 -1.03 to -0.54 <0.001

CI: Confidence interval; PRBC: Packed red blood cell.

DISCUSSION

Anemia is a common condition during the peri-transplantation period. The rate of anemia during this
period varies significantly. In a retrospective cohort study, Vanrenterghem et al[1] reported an anemia
rate of 38% in a transplant population[1]. However, in a recent prospective study, 64% of the study
cohort had anemia that requiring blood transfusion in the first month after transplantation[2]. The
transfusion rate post-transplantation has been repeatedly reported to be between 37%-75%[4,6-8]. This
high prevalence of transfusion has also been observed in pediatric populations. For instance, Richards et
al[7] reported that the prevalence of transfusion was approximately 50% with a higher prevalence in
younger children[7]. In our study, the anemia rate was toward the higher end of the above mentioned
range at 69% however, only 54% of our cohort required blood transfusion.

Anemia carries significant risk in kidney transplant recipients. A drop of Hb level > 30% of its pre-
transplant level was reported to be associated with higher all-cause graft failure and longer length of
hospital stay, with a greater risk in those who required blood transfusion of > 3 units and those with
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Figure 2 Progression of the mean creatinine between the blood transfusion vs non-blood transfusion groups.
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Figure 3 Progression of the mean creatinine between the blood transfusion vs non-blood transfusion groups. Total patients in non-
transplantation group are 51. Total patients in transplantation group are 54 patients.

longer cold ischemia time[9]. However, the effect of peri-transplantation blood transfusion on graft
outcome have not been well established. For instance, in a study by Daloul et al[4], blood transfusion
was not associated with a greater risk of worse graft outcomes[4]; however, Massicotte-Azarniouch et al
[6] revealed that blood transfusion is associated with a greater risk of graft loss[6]. This is also supported
by the findings form a recent study that included more than 1000 recipients, which showed that early
blood transfusion post-transplantation didn’t lead to de novo DSAs formation[10]. Our study did not
find any association between blood transfusion and graft loss or mortality. The link between blood

Gishidengs WIT | https://www.wjgnet.com 165 June 18,2023 | Volume13 | Issue4 |



Bukhari MA et al. Peri-transplantation blood transfusion risks

Jaishideng®

transfusion and graft or patient loss might be a cofounding factor because patients with advanced
allograft dysfunction are commonly anemic. Similarly, sick patients with multiple comorbidities are
usually anemic and may require blood transfusions.

HLA molecules in the blood products are known to cause HLA allosensitization for blood transfusion
recipients[11-13]. Various strategies have been attempted to avoid HLA allosensitization after blood
transfusion, including leuko-reduced (leuko-depleted) blood products[11,14], HLA-selected blood
products[15], and autologous blood transfusion[16]. However, the protective effects of these strategies
are not well established[11,14-19]. In our study, we decided to account only for leuko-depleted blood
products because this is a widely used technique in our blood bank.

The effect of blood transfusion on DSA formation and antibody-mediated rejection are not well
understood. Few studies have examined the development of de-novo HLA antibodies after blood
transfusions in transplant populations. While some studies found that de-novo HLA antibodies and
DSAs have a negative impact on the transplant[2,20], other studies have doubted the significance of
HLA antibody development in the setting of immunosuppression therapy[3,8,11]. For instance, In
Ferrandiz et al[2] reported that antibody-mediated rejection occurred in 6% of kidney transplant
recipients who required blood transfusion post-surgery compared with 1.4% in a non-transfusion group
(P = 0.04)[2]. In contrast, in a study by Jalalonmubhali et al[3] involving 699 patients, there was no
differences in the development of HLA antibodies or de-novo HLA-DSA and rejection between the
transfusion and none transfusion groups[3]. Similarly in our study, the rejection rate in the transfusion
group was approximately 5%, with no difference between the two groups.

Multiple factors are associated with an increased risk of poor transplant outcomes after blood
transfusion. In a previous prospective observational study, worse transplantation outcomes were linked
to the number of transfusion episodes (pre and post-transplantation), regardless of the total number of
transfusion units[20]. In another study, poor transplantation outcomes were linked to the number of
transfusion units (> 3 units)[9]. In our study, creatinine levels tended to increase toward the end of the
follow-up period in the transfusion group, but this finding was not statistically significant.

It is noteworthy that maintenance immunosuppression therapy in studies that found a significant
increase in rejection risk after transfusion was cyclosporine-based[2,20] while studies in which the
maintenance immunosuppression regimen was tacrolimus-based showed no significant increase in
rejection rate between transfusion and non-transfusion groups[3,8]. Our study is consistent with this
observation as rejection rate was not significantly different between the two groups in our tacrolimus-
based study cohort.

Although blood transfusion after kidney transplantation did not have an impact on patient survival, a
cross-sectional study of 1198 liver transplant recipients showed a significant increase in mortality rate in
patients who received a large number of blood transfusion units. Average blood transfusion units in
expired patients was 5.92 + 5.91 compared to 3.74 + 4.23 in alive patients (95%CI: 1.47-2.88)[21].

In this study, there was a tendency toward higher DGF rates in the transfusion group. Although this
finding was not statistically significant, it was in line with that of Maclsaac ef al[9], in which the rate of
DGF in transplant patients was up to 26%[9]. Similarly, in a retrospective cohort study on 1258 kidney
transplant recipients who were followed for a median of 1405 d, DGF was as high as 41% in a
transfusion group vs 15% in a non-transfusion group (P < 0.0001)[6]. In a study by Fidler et al[20], DGF
was associated with a higher risk of combined patient and graft loss at a hazard ratio of 2.5 (1.5-4.5) on
univariate analysis; However, this difference disappeared on multivariate analysis. It’s difficult to
determine whether DGF is a cause, or a result of blood transfusion based on the available literature.

This study has limitations. This was a single-center retrospective cohort study. The lack of routine
DSA and allograft biopsy restricted the inclusion of clinically insignificant DSAs and non-apparent
rejections. Moreover, our cohort was predominantly males, which limits the generalizability of our
findings.

CONCLUSION

Leukodepleted blood transfusion in the peri-transplantation period was not associated with a higher
risk of rejection, graft loss, or patient loss. Further investigations are needed to address the link between
peri-transplantation blood transfusions, DGF and DSA formation.

ARTICLE HIGHLIGHTS

Research background

Blood transfusion is common during the peri-transplantation period. The incidence of immunological
reactions to blood transfusion after kidney transplantation and their consequences on graft outcomes
have not been extensively studied.
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Research motivation
Blood transfusion during the peri-transplantation period is very common and its safety need to be
studied.

Research objectives
To examine the risk of graft rejection and loss in patients who received blood transfusion in the
immediate peri-transplantation period.

Research methods
A retrospective cohort study of 105 kidney recipients who received leukodepleted blood transfusions at
our center between January 2017 and March 2020.

Research results

Of 105 kidney recipients were divided into transfusion (n = 54) and non-transfusion (n = 51) groups.
There were no differences between the two groups in terms of rejection rates, graft loss, or death. There
was no significant difference in creatinine level progression between the two groups. A high number of
transfused packed red blood cells was significantly associated with increased creatinine levels at the end
of the study.

Research conclusions
Leukodepleted blood transfusion was not associated with a higher risk of rejection, graft loss, or death
in kidney transplant recipients.

Research perspectives
Leukodepleted blood transfusion in the peri-transplantation period is likely safe.
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Abstract

BACKGROUND

Indications to refer patients with cirrhosis for liver transplant evaluation (LTE)
include hepatic decompensation or a model for end stage liver disease (MELD-
Na) score > 15. Few studies have evaluated how delaying referral beyond these
criteria affects patient outcomes.

AIM
To evaluate clinical characteristics of patients undergoing inpatient LTE and to
assess the effects of delayed LTE on patient outcomes (death, transplantation).

METHODS

This is a single center retrospective cohort study assessing all patients undergoing
inpatient LTE (n = 159) at a large quaternary care and liver transplant center
between 10/23/2017-7/31/2021. Delayed referral was defined as having prior
indication (decompensation, MELD-Na 2 15) for LTE without referral. Early
referral was defined as referrals made within 3 mo of having an indication based
on practice guidelines. Logistic regression and Cox Hazard Regression were used
to evaluate the relationship between delayed referral and patient outcomes.

RESULTS
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Many patients who require expedited inpatient LTE had delayed referrals. Misconceptions
regarding transplant candidacy were a leading cause of delayed referral. Ultimately, delayed
referrals negatively affected overall patient outcome and an independent predictor of both death
and not receiving a transplant. Delayed referral was associated with a 2.5 hazard risk of death.

CONCLUSION

Beyond initial access to an liver transplant (LT) center, delaying LTE increases risk of death and
reduces risk of LT in patients with chronic liver disease. There is substantial opportunity to
increase the percentage of patients undergoing LTE when first clinically indicated. It is crucial for
providers to remain informed about the latest guidelines on liver transplant candidacy and the
transplant referral process.

Key Words: Liver transplantation; Liver transplant evaluation; Liver transplant referral; Patient access;
Equity; Patient outcomes

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There are many system and provider-level barriers to liver transplant evaluation. However, the
effect of late transplant evaluations remains unclear. We demonstrate delayed liver transplant evaluation is
independently associated with death prior to transplant in patients undergoing liver transplant evaluation.
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INTRODUCTION

The global impact of chronic liver disease is increasing. Liver transplantation is the only definitive
treatment for decompensated cirrhosis. Guideline recommended indications to refer patients with
cirrhosis for liver transplant evaluation (LTE) include hepatic decompensation or a Model for End Stage
Liver Disease score (MELD) 2 15[1,2]. While the progression cirrhosis usually occurs over multiple years
[3], many patients go un-diagnosed prior to overt hepatic decompensation[3,4]. Thus, many patients
have progressed disease when they begin receiving care[5]. Further delays entering the transplant care
pathway can result in delayed referral and need for expedited LTE in the setting of acute decom-
pensation. While there is emerging literature on what qualifies as late referral or urgent transplant
evaluation[6,7], there is little data regarding the influence of delayed transplant evaluation on outcomes.
In this retrospective analysis, we evaluate clinical characteristics of patients undergoing inpatient LTE to
identify risk factors for delayed LTE and assess the effect of delayed LTE on patient outcomes.

MATERIALS AND METHODS
Study design and definitions

This is a single center retrospective cohort study analyzing patients undergoing LTE at a large
quaternary care and liver transplant center. Medical records were obtained for patients with a
transplant evaluation encounter between October 2017 and July 2021 using our center’s liver transplant
database. Patients with diagnosis of cirrhosis who underwent LTE for chronic liver disease (CLD) as an
inpatient in this time period were identified as potential subjects. Patients were excluded if they: (1)
Were undergoing re-transplantation; (2) being evaluated for acute liver failure; and (3) were completing
evaluation in the outpatient setting. Patients with hepatocellular carcinoma were also excluded due to
differences in candidacy and referral criteria[8]. Study data were collected and managed using a 255-
field form with an electronic data capture tool hosted at UMass Chan Medical School. Research
Electronic Data Capture (REDCap) is a secure, web-based software platform designed to support data
capture for research studies, providing: (1) An intuitive interface for validated data capture; (2) audit
trails for tracking data manipulation and export procedures; (3) automated export procedures for
seamless data downloads to common statistical packages; and (4) procedures for data integration and
interoperability with external sources[9,10].
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All clinical and laboratory data including Model for End Stage Liver Disease -Sodium (MELD-Na)
score were collected at the time of LTE. Available clinical documentation collected during LTE was
closely reviewed and evaluated. Cirrhosis etiologies included chronic alcohol (ETOH) associated liver
disease, non-alcoholic steatohepatitis (NASH), Hepatitis C (HCV), cholestatic liver disease (primary
sclerosing cholangitis, primary biliary cirrhosis), inherited/ genetic disease (hereditary hemochro-
matosis, alpha-1 anti-trypsin deficiency), and cryptogenic/other. Clinical decompensations included
hepatic encephalopathy, jaundice, ascites, hepato-renal syndrome, spontaneous bacterial peritonitis
(SBP), and variceal bleed[2,11]. Patients were considered to have a cardiac diagnosis if their past medical
history included diagnosis or treatment of a cardiac arrhythmia, coronary artery disease, or cardiomy-
opathy with heart failure. Malnutrition was diagnosed by registered dieticians on the multidisciplinary
transplant team using the ASPEN criteria[12]. Cause of death was recorded when available.

Transplant evaluation indications were defined using the American Association for the Study of Liver
Disease (AASLD) guidelines and included: (1) Hepatic decompensation OR; and (2) MELD > 15 AND
(3) absence of active alcohol or illicit drug use[13]. Time for sobriety required for evaluation at our
institution is 3 mo. Subjects were dichotomized to either “delayed referral” or “early referral.” “Delayed
referral” indicated that subjects had an indication for transplant evaluation but were not referred within
three months, while “early referral” meant that subjects were referred within three months of having an
indication for transplant evaluation. Three months was chosen as this is the timeline of clinical
improvement in patients expected to recover once cirrhosis trigger is withdrawn (e.g., alcohol cessation)
[14]. In terms of transplant outcomes, there are multiple potential outcomes of LTE and many of these
can occur interchangeably. For example, patients can be approved but not yet listed, or listed but
inactive on the wait list. For analytical simplicity, our selected outcomes included: not approved, died
on waitlist, off list, on list, and transplanted. For statistical analysis, subjects were further dichotomized
as “approved” or “not approved, “dead” or “not dead,” and “transplanted” or “not transplanted” at the
time of data collection.

Endpoints and data analysis

Normally distributed continuous data is reported as “mean (standard deviation)” and were compared
with two-sample ¢-test. Non-normally distributed continuous data is reported as “median [inter-quartile
range]” and were compared using Wilcoxon rank sum tests. Categorical variables are reported as
“percentage” and were compared using pair-wise z testing. Correlations are reported using Pearson’s
bivariate correlation coefficient. Associations are reported as odds ratios with 95% confidence intervals
and were evaluated with logistic regression.

Demographic, psychosocial, and clinical variables were compared between delayed and early referral
(Tables 1-3). Comparisons were also made between: (1) Dead and not dead; and (2) transplanted and not
transplanted within the delayed referral group to identify potential markers of mortality within this
cohort (Supplementary Table 1).

Backward logistic regression modeling was used to identify risk factors for delayed referral with the
following starting variables: Age, race, sex, ethnicity, time since diagnosis (months), malnutrition (as
defined by ASPEN guidelines), depression, trauma history, number of prior hospitalizations, sobriety
period, smoking history, lives with family, married/stable partner, stable housing, employed within 1
year, military service history, non-English first language, education, proximity to transplant center,
regular outside gastroenterologist, regular outpatient labs.

Backward logistic regression was also used to evaluate if delayed referral was an independent
predictor of transplant status and death amongst other relevant clinical markers (for full list see Tables 4
and 5, respectively). We created a multi-variable logistic regression model utilizing this data and other
variables known to affect outcomes in the liver transplantation pathway including but not limited to sex
[15], age[16], height[17], acute on chronic liver failure (ACLF) grade[18], and laboratory markers that
comprise MELD-Na and represent hepatic function. The final model was created to optimize goodness
of fit using the Hosmer and Lemeshow test.

Cox proportional hazard regression modeling was used to evaluate the impact of delayed referral on
risk of dead in patients undergoing inpatient LTE. Participants were censored on the day of transplant
and the last known well if lost to follow up. An unadjusted model was performed using “delayed” as
the sole independent variable; the adjusted model incorporated the following additional variables: age,
sex, ethnicity, etiology, MELD-Na, and blood type. Data is reported as hazard ratios (HRs) with 95%
confidence intervals.

The threshold for statistical significance was set at P < 0.05. For all backward logistic regression
model threshold to enter was 0.05 and threshold to remove was 0.10. All statistical analysis was
conducted using SPSS version 29. This study was reviewed and approved by the institutional review
board at our medical center.

RESULTS
We identified 160 patients undergoing inpatient LTE for cirrhosis (49% delayed referral and 51% early
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Table 1 Baseline and demographics, %

Characteristic Delayed referral (n = 78) Early referral (n = 82) P value
Portion of sample 49 51 -
Age (yr) 59 (10) 57 (9) 0.19
Distance to center (miles) 43.0 [20.5-59.5] 43.5[19.3-67.3] 0.74
Time since diagnosis (mo) 30 [12.3-60] 11 [3.75-55.5] <0.01
Gender 0.59
Female 39.7 439

Male 60.3 56.1

Race 0.49
Asian 1.3 3.7

Black or African American 1.3 1.2

Other/Unknown 17.9 12.2

White 79.5 829

Ethnicity 0.11
Hispanic/ other 19.2 9.8

Non-Hispanic 80.8 90.1

Etiology 0.88
Autoimmune 51 49

Alcohol 43.6 53.7

Cryptogenic/cholestatic 51 6.1

Genetic 7.7 49

Hepatitis C 11.5 9.8

NASH 269 20.7

Blood type 0.36
A 372 27.2

B 16.7 19.8

AB 1.3 49

(€] 449 48.1

Demographic and clinical data for delayed referral (left) versus early referral (right) patients undergoing inpatient liver transplant evaluation. Data

reported as percentages of total group for categorical data; as average (standard deviation) for normally distributed continuous data, and as median [IQR]

for non-normally distributed continuous data. NASH: Non-alcoholic steatohepatitis.

Jaishideng®

referral). Participants were predominately a male, white, and non-Hispanic with a mean age of 58 +/-
10. Over half of subjects had a high school level education or less (50.7% early vs 62.7% delayed, P =
0.14). The most common etiologies of cirrhosis were ETOH, NASH, and HCV. Subjects with delayed
referral had been diagnosed with liver disease more months on average than those with early referral (P
< 0.01). Subjects with early referral were diagnosed within the preceding year more often than subjects
with delayed referral (50.7% vs 30.8%, P = 0.02) (See Table 1 for summary of demographics).

Laboratory evaluation collected at time of LTE did not differ between groups (Supplementary Table
2). Most subjects had MELD-Na scores between 25-34 with an average score of 27 in each grou