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Abstract

Objective: To evaluate the comparative efficacy of preservative solutions versus isotonic fluids in living donor liver
transplantation.

Method: The scoping review was conducted from June 1, 2024, to January 1, 2025, and comprised comprehensive
literature search across PubMed, Scopus, Cochrane Library and Cumulative Index to Nursing and Allied Health
Literature databases for randomised/non-randomised trials, observational studies and case series comparing
preservative solutions and isotonic fluids in living donor liver transplantation cases involving adults that were
published in the English language up to October 2023. After data extraction, the volume and type of evidence was
noted, consistent themes were identified, and critical gaps were highlighted.

Results: Of the 2,131 studies screened, 51(2.4%) were assessed for eligibility, and, of them, 1(1.9%) was reviewed in
detail, involving 80 adult living donor liver transplantation recipients, divided equally into histidine-tryptophan-
ketoglutarate and non-histidine-tryptophan-ketoglutarate groups. Outcomes, including early allograft dysfunction,
postoperative complications, hospital stay, and 1-year survival rates, were comparable between the two groups. The
non-histidine-tryptophan-ketoglutarate approach significantly reduced direct costs by $2,000 per graft.
Conclusion: Cold normal saline appeared safe and cost-effective for select living donor liver transplantation cases
with short ischaemia time and minimal back-table work, potentially reducing costs compared to histidine-
tryptophan-ketoglutarate.
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Introduction

Living donor liver transplantation (LDLT) is a critical
medical procedure that has significantly improved the
prognosis for patients with end-stage liver disease (ESLD),
offering a vital lifeline, and markedly enhancing survival
rates in healthcare systems where deceased donor organs
are scarce.'2 It is the most effective treatment for
conditions, such as liver cirrhosis, severe acute hepatitis
not responding to medical treatment liver cancer, and
liver-based metabolic disorders, providing the best
outcomes for patients with hepatocellular carcinoma
(HCQ).34 Notably, liver transplant (LT) for acute liver failure
has increased patient survival rates from over 15% to 80%
in one year.>

A fundamental challenge in LT is maintaining the liver's
viability from donor extraction to recipient implantation,
ensuring minimal cellular damage and preserved
functional integrity.6-8
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In LDLT, the preservation process involves two critical
ischaemic phases: cold ischaemia time (CIT) and warm
ischaemia time (WIT). CIT begins with the donor liver's
flushing with cold preservation fluid and continues until
the graft is removed from the ice prior to implantation.
Following this, WIT begins and extends until graft
reperfusion. Both phases significantly impact graft
function, with prolonged ischaemia times increasing the
risk of complications, such as early allograft dysfunction
(EAD) and biliary strictures. Traditional solutions, like
histidine-tryptophan-ketoglutarate (HTK) and Celsior are
widely used due to their metabolic buffering and organ
protection capabilities. However, recent studies have
explored alternatives, like isotonic fluids, as cost-effective
substitutes, especially in LDLT scenarios where ischaemia
times are often short.9-12

Preserving liver grafts in cold storage solutions is essential
for cadaveric liver transplantation. Liver grafts are
deprived of oxygen and nutrients, leading to the build-up
of metabolic waste and disruption of ionic homeostasis,
which results in increased acidosis and potential organ
failure.® The choice of organ preservation solutions is
crucial for protecting the liver graft from ischaemic
damage during cold storage, which affects the extent of
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reperfusion injury  after revascularisation in
transplantation.’34 These solutions, such as the
University of Wisconsin (UW) solution, HTK solution and
Celsior solution, are designed to protect the liver by
maintaining cellular homeostasis and preventing
metabolic deterioration. By doing this, the solutions
extend the viability window of the liver during
transport.'>

There are more than two static cold preservation
solutions used for liver transplantation; UW is an isotonic,
high-potassium, phosphate-buffered solution that has
been in clinical use since 1987, and the HTK solution
which has been in clinical use since 1999. While UW
remains the most widely used, the use of HTK is increasing
due to advantages that include lower cost, decreased risk
of hyperkalaemia, and reduced viscosity, culminating in
improved microvascular perfusion.’¢17 In addition, the
Institute Georges Lopez-1 (IGL-1) and Celsior are
preservation solutions that can also be used to cold-store
livers.18-22

Preservation solutions are routinely used in deceased
donor liver transplantation (DDLT) during CIT to prevent
graft injury. However, the use of these solutions in LDLT
lacks standardisation. Routine isotonic solutions can be
used in LDLT due to short ischaemia time. Given the
increased procedural costs and complexity associated
with preservative solutions, exploring alternative isotonic
solutions, like cold normal saline (NS) or Ringer’s lactate
(RL), could offer similar results, especially in resource-
limited settings.

The current scoping review was planned to assess the
comparative effectiveness and outcomes of using
preservative solutions versus isotonic fluids in LDLT,
focusing on outcomes, such as graft survival, EAD,
postoperative complications, length of hospital stay
(LOS), survival rates, and cost effectiveness.

Materials and Methods

The scoping review was conducted from June 1, 2024, to
January 1, 2025, in line with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews (PRISMA-ScR).23 While it was initially
registered as a systematic review with the International
Prospective Register of Systematic Reviews (PROSPERO)
(CRD42024569521), the scarcity of eligible studies
necessitated adopting a scoping review methodology to
better explore the evidence landscape.

A comprehensive literature search was conducted across
PubMed, Scopus, Cochrane Library, and Cumulative Index
to Nursing and Allied Health Literature (CINAHL)
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databases for randomised/non-randomised trials,
observational studies, and case series comparing
preservative solutions and isotonic fluids in LDLT cases
involving adults. No filters were applied for study design
or date to ensure comprehensive coverage; only English-
language studies were included. Grey literature, such as
conference abstracts, preprints, and letters, non-English
studies without translations, and studies lacking
quantifiable outcomes were excluded. The medical
subject headings (MeSH) included “liver transplantation,”
“preservation solutions,” and “isotonic fluids” (The full
search strategy, including database-specific strings,
filters, and screening details, is provided in
Supplementary Material).

Two reviewers independently screened titles/abstracts
and full texts using Rayyan software. Conflicts, if any, were
resolved via consensus or third-party adjudication. Data
was extracted using a standardised proforma and
included study design, setting, population, preservation
methods (solution type, ischaemia time), and outcomes
(EAD, survival, costs).

Unlike systematic reviews, no risk-of-bias assessment was
performed, as scoping reviews emphasise evidence
mapping over appraisal. Findings were narratively
synthesised to describe the volume and types of
evidence, identify consistent themes, and highlight
critical gaps. Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) assessment was
omitted, as it is inappropriate for scoping reviews.

Results

After removing duplicates, 2,131 studies were screened.
Of these screened studies, 51(2.4%) were assessed for
eligibility, and, of them, 1(1.9%) was reviewed in detail
(24) (Figure), involving 80 adult LDLT recipients, divided
equally into HTK and non-HTK groups. The study was
conducted at a single centre in Pakistan, and focussed on
outcomes, like EAD, complications, survival and costs.

Outcomes, including EAD, postoperative complications,
LOS, and 1-year survival rates, were comparable between
the two groups. The non-HTK approach significantly
reduced direct costs per graft (Table 1). The study had
limitations as it had a non-randomised, unblended
design. Besides, it was done at a single centre, did not
include paediatric or high-risk recipients, and did not
include long-term data beyond 1 year.

Discussion

The current scoping review highlights a critical evidence
gap in preservation strategies for LDLTs, with only one
study comparing HTK solution to NS meeting the
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Figure: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR) flow diagram.

Table-1: Comparison of clinical outcomes and costs between cold normal saline (NS) and HTK preservation solutions in liver transplantation.

S-83

Authors Study Design Variable Non-HTK Group HTK Group p-value
(Cold NS)

Dogar etal. 202224 Prospective, case-control study Number of Recipients 40 40 -
Early Allograft Dysfunction 5(12.5%) 4(10%) 0.72
Biliary Leak 1(2.5%) 0 0.31
Biliary Stricture 6 (15%) 7(17.5%) 0.76
Hepatic Artery Thrombosis 1(2.5%) 0 0.31
Portal Vein Thrombosis 0 1(2.5%) 0.31
Mean Hospital Stay (days) 10.80 +2.36 11.78 £2.91 0.10
30-day Mortality 1(2.5%) 2 (5%) 0.72
1-Year Mortality (excluding first month) 2 (5%) 2(5%) 1.0
1-Year Survival Rate 92.5% 90% 0.71
Direct Cost Comparison Lower cost than HTK Higher cost -

group

HTK: Histidine-tryptophan-ketoglutarate.
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Table-2:Comparison of liver graft preservation solutions: composition, clinical features, and utilisation patterns in living donor liver transplantation (LDLT).

Solution Key Features LDLT Use Reference
uw High-potassium, lactobionate-based Limited due to viscosity/cost [26]
HTK Low-viscosity, histidine-buffered Widely adopted in Europe/Asia [27]
IGL-1 UW-modified with polyethylene glycol Emerging use for steatotic grafts [28]
Celsior Dual vascular/flush properties Rare, limited evidence [29]
NS Isotonic, no additives Anecdotal in resource-limited settings [24]

UW: University of Wisconsin solution, HTK: Histidine-tryptophan-ketoglutarate, IGL-1: Institute Georges Lopez-1, NS: Normal saline.

inclusion criteria.2* While the findings suggest NS may be
a safe, cost-effective alternative in selected LDLT cases?4,
these results require careful interpretation within the
broader context of liver preservation science and clinical
practice.

Liver graft preservation primarily aims at mitigating cold
ischaemia-reperfusion injury (IRI), which progresses
through three key mechanisms23, like cellular oedema.
Isotonic fluids, like NS, lack impermeants (e.g.,
lactobionate in UW, mannitol in HTK), potentially
enabling swelling during prolonged storage.25 Another
mechanism is metabolic acidosis. The absence of
buffering agents in NS (e.g., histidine in HTK) may
exacerbate intracellular potential of hydrogen (pH) drops
during ischaemia.25 Another element is that of oxidative
stress. Unlike specialised solutions, NS provides no
antioxidants (e.g., glutathione in UW) to neutralise
reperfusion-generated free radicals.2>

However, in LDLT with short cold ischaemia times (CIT <2
hours), these limitations may be clinically non-significant,
as Dogar et al. demonstrated comparable outcomes
between NS and HTK groups.24 This suggests that NS's
low cost and simplicity could offer practical advantages
when ischaemia time is minimised.

In terms of global preservation practices, current clinical
approaches vary significantly between DDLT and LDLT
24,2629 (Table 2).

Notably, while no guidelines explicitly prohibit NS in
LDLT, the lack of comparative studies, as highlighted in
the current review, perpetuates clinical uncertainty. The
>$2,000 cost difference per case between NS and HTK
[24,30] underscores the need for rigorous evaluation,
particularly in resource-constrained settings.

The current review has limitations because of its reliance
on a single, non-randomised study2?4 that included no
paediatric recipient or marginal grafts (e.g. steatotic
livers). Besides, there was technical variability as it was
unclear how back-table reconstruction complexity
affected NS suitability.

Open Access

Critical questions that have remained unanswered
include the maximum safe CIT for NS in LDLT, long-term
biliary outcomes (e.g., stricture rates), and the cost-
benefit thresholds for solution selection.

Despite the limitations, however, the review has
presented data that has clinical and policy implications.
These include the cost-effectiveness of NS which could
reduce LDLT costs by ~$2,000 per graft compared to HTK
2430, potentially expanding access in low-resource
settings. There is a need for protocol standardisation to
clearly define NS-appropriate scenarios (e.g., short CIT,
minimal back-table work). Multicentre randomised
controlled trials (RCTs) comparing NS and HTK/UW,
stratified by CIT and graft quality, are recommended.

Conclusion

Isotonic solutions, like NS, have the potential to serve as
cost-effective alternatives to preservative fluids in
selected LDLT cases with short CIT. However, the limited
evidence from a single non-randomised study precludes
broad recommendations. While promising for resource-
constrained settings, adoption requires rigorous
multicentre trials evaluating safety thresholds, long-term
outcomes, and applicability to marginal grafts. Until
further evidence emerges, specialised solutions remain
standard, though NS may be considered for
straightforward cases where cost reduction is critical. The
findings have underscored the need for systematic
research to establish evidence-based protocols.

Disclaimer: None.
Conflict of Interest: None.
Source of Funding: None.

Registration and Protocol: Registered with the
International Prospective Register of Systematic Reviews

(PROSPERO) [CRD42024569521].
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Supplementary Material: Full Search Strategy for Scoping Review
1. Search Dates & Databases

PubMed: Search conducted on January 15, 2025

Scopus: Search conducted on January 16, 2025

Cochrane Library: Search conducted on January 17, 2025
CINAHL: Search conducted on January 18, 2025

a. Filters Applied (No filters were applied for study design or publication date)

» Language: English
e Population: Humans, adults

b. Notes

o Searches included MeSH terms, Boolean operators, field tags, quotation marks, and
parentheses as per database requirements (full strings provided below).
e Screening, selection, and data extraction were performed as described in Methods.

2. Complete Search Strings by Database

Note: MeSH/ subject headings were adapted per database
2.1 PubMed

("liver transplantation"[Title/Abstract] OR "Hepatic Transplantation"[Title/Abstract] OR "Liver
Graft"[Title/Abstract] OR "Living Donor"[Title/Abstract])

AND ("preservative solutions"[Title/Abstract] OR "Ringer's Lactate"[Title/Abstract] OR "Ringer
Solution"[Title/Abstract] OR "Sodium Chloride"[Title/Abstract] OR "Normal saline"[Title/Abstract]
OR "HTK Solution"[Title/Abstract] OR "Celsior"[Title/Abstract])

AND ("graft survival"[Title/Abstract] OR "allograft survival"[Title/Abstract] OR "patient
survival"[Title/Abstract] OR "survival rate"[Title/Abstract])

AND ("postoperative complications"[Title/Abstract] OR "biliary complications"[Title/Abstract] OR
"vascular complications"[Title/Abstract])

AND ("liver function tests"[Title/Abstract] OR "blood chemical analysis"[Title/Abstract])
AND ("length of stay"[Title/Abstract] OR "intensive care unit"[Title/Abstract])
AND ("cost-benefit analysis"[Title/Abstract] OR "health care costs"[Title/Abstract])

AND ("quality of life"[Title/Abstract] OR "health status indicators"[Title/Abstract])

Open Access Vol. 76, No.05 (Suppl. 01), May 2026
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2.2 Scopus

TITLE-ABS-KEY("liver transplantation" OR "Hepatic Transplantation" OR "Liver Graft" OR
"Living Donor")

AND TITLE-ABS-KEY ("preservative solutions" OR "Ringer's Lactate" OR "Ringer Solution" OR
"Sodium Chloride" OR "Normal saline" OR "HTK Solution" OR "Celsior")

AND TITLE-ABS-KEY ("graft survival" OR "allograft survival" OR "patient survival" OR "survival
rate")

AND TITLE-ABS-KEY ("postoperative complications" OR "biliary complications" OR "vascular
complications")

AND TITLE-ABS-KEY("liver function tests" OR "blood chemical analysis")

AND TITLE-ABS-KEY("length of stay" OR "intensive care unit")

AND TITLE-ABS-KEY("cost-benefit analysis" OR "health care costs")

AND TITLE-ABS-KEY ("quality of life" OR "health status indicators")

2.3 Cochrane Library

("liver transplantation" OR "Hepatic Transplantation" OR "Liver Graft" OR "Living Donor")

AND ("preservative solutions” OR "Ringer's Lactate” OR "Ringer Solution" OR "Sodium Chloride"
OR "Normal saline" OR "HTK Solution" OR "Celsior")

AND ("graft survival" OR "allograft survival" OR "patient survival" OR "survival rate")

AND ("postoperative complications” OR "biliary complications” OR "vascular complications")
AND ("liver function tests" OR "blood chemical analysis")

AND ("length of stay" OR "intensive care unit")

AND ("cost-benefit analysis" OR "health care costs")

AND ("quality of life" OR "health status indicators")

2.4 CINAHL (EBSCOhost)

("liver transplantation” OR "Hepatic Transplantation" OR "Liver Graft" OR "Living Donor")

AND ("preservative solutions” OR "Ringer's Lactate"” OR "Ringer Solution" OR "Sodium Chloride"
OR "Normal saline" OR "HTK Solution" OR "Celsior")

AND ("graft survival" OR "allograft survival" OR "patient survival" OR "survival rate")

AND ("postoperative complications" OR "biliary complications" OR "vascular complications")

J Pak Med Assoc (Suppl. 01) Open Access
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AND ("liver function tests" OR "blood chemical analysis")
AND ("length of stay" OR "intensive care unit")

AND ("cost-benefit analysis" OR "health care costs")
AND ("quality of life" OR "health status indicators")

3. Eligibility Criteria
Inclusion:

e Adult patients undergoing living donor liver transplantation

o Studies comparing preservative solutions (HTK, UW, Celsior, IGL-1) versus isotonic fluids
(NS, Ringer’s lactate)

e Study types: randomized/non-randomized trials, observational studies, case series

e Outcomes: graft survival, patient survival, EAD, postoperative complications, LOS, cost-
effectiveness

Exclusion:

« Pediatric studies

« Non-English studies without translation

» Studies without quantifiable outcomes

o Letters, conference abstracts (unless full data available), preprints

4. Screening & Selection Process
e Two reviewers independently screened titles and abstracts
o Full texts were assessed for eligibility
« Conflicts resolved by discussion or third reviewer

« Screening was performed using Rayyan software

5. Number of Results per Database

Database Results
PubMed 693
Scopus 1263
Cochrane library 519
CINAHL 48
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