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EDITORIAL
Hemodynamic management in liver transplantation:
toward an evidence-based perioperative strategy
Liver transplantation remains one of the most complex surgi-
cal procedures in modern medicine. The profound physiolog-
ical changes experienced during and after orthotopic liver
transplantation challenge anesthesiologists and intensivists
to provide individualized, evidence-based perioperative
care. Among the various aspects of this care, the optimiza-
tion of fluid balance and hemodynamic stability stands out
as a determinant of postoperative outcomes. The Brazilian
Journal of Anesthesiology (BJAN) publishes in this issue a set
of contributions that deepen our understanding of perioper-
ative hemodynamic management in liver transplant
patients, offering timely insights into monitoring strategies,
fluid balance, and the prediction of hypotension in this
unique population.

In a robust cohort study by Lobo et al.,1 the role of post-
operative fluid balance is thoroughly examined in 73 adult
patients undergoing liver transplantation. Patients were
stratified by cumulative fluid balance at 72 hours postopera-
tively: negative (lowest), moderate (0−2000 mL), and high
(> 2000 mL). The findings demonstrate a striking U-shaped
association between fluid balance and hospital mortality,
with both extremes associated with increased risk. The high-
est fluid balance group exhibited a 40.5% mortality rate and
elevated SOFA scores, particularly linked to primary non-
function of the graft and sepsis. Moreover, day-3 fluid bal-
ance emerged as a strong independent predictor of all-cause
mortality. These findings not only underscore the prognostic
value of fluid balance but highlight the importance of early
individualized fluid strategies tailored to preserve organ
function and mitigate complications in the critical window
of postoperative care.

Complementing this investigation, Cywinski et al.2

explored the intraoperative use of Hypotension Prediction
Index (HPI) software during liver transplantation. Their ret-
rospective analysis of 23 patients undergoing liver transplan-
tation, monitored with both pulmonary artery catheter
(PAC) and HPI-enabled arterial waveform analysis, sheds
light on the utility of predictive hemodynamic monitoring in
this high-risk population. Although the HPI software
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demonstrated high sensitivity (96%) for hypotension predic-
tion, its specificity and positive predictive value remained
limited (33%), resulting in a high burden of false alarms. Fur-
thermore, there was poor agreement between HPI-derived
cardiac output (CO) and systemic vascular resistance (SVR)
compared to PAC measurements. These findings caution
against sole reliance on HPI technology during liver trans-
plants and suggest that traditional tools, such as PAC and
transesophageal echocardiography (TEE), remain relevant
components of intraoperative management.

This last study is thoughtfully contextualized by a pair of
“Letters to the Editor”. In their correspondence, Vetrugno
et al.3 highlight key physiological considerations, such as cir-
rhotic cardiomyopathy and abrupt shifts in vascular tone,
that complicate hemodynamic monitoring in liver trans-
plants. They emphasize that predictive algorithms like HPI
must be interpreted in light of liver transplant-specific path-
ophysiology and propose that phase-specific performance
(e.g., anhepatic vs. reperfusion phases) be evaluated to bet-
ter characterize the utility of these technologies. Moreover,
they argue for a more nuanced approach to interpreting
hemodynamic data, warning against generalizations and
encouraging tailored monitoring strategies based on surgical
phase, MELD score, and clinical context.

In response, Cywinski et al.4 reaffirm the exploratory
nature of their study and acknowledge the limitations
raised. They clarify that their intent was not to validate HPI
as a substitute for PAC, but to evaluate its concordance and
predictive performance. Importantly, they agree that cir-
rhotic patients undergoing liver transplantation represent a
uniquely complex population, where multifactorial causes
of hypotension demand multimodal monitoring. They advo-
cate for further research to define the precise role of HPI
software in liver transplant settings and reiterate the need
for caution when integrating novel technologies into such
delicate clinical scenarios.

Together, these contributions build a compelling narra-
tive: while technological advances in monitoring offer prom-
ise, their implementation in liver transplantation must be
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cautious, contextualized, and ideally, multimodal. Addition-
ally, the importance of individualized postoperative fluid
strategies is reinforced, particularly within the first 72 hours,
where either excess or deficit can be deleterious. The inte-
gration of dynamic monitoring tools, fluid responsiveness
assessments, and organ-specific markers may help shape
more refined and effective perioperative pathways.

Standard intraoperative hemodynamic monitoring dur-
ing liver transplantation includes invasive arterial pres-
sure measurement and central venous pressure (CVP)
monitoring via internal jugular vein cannulation.
Although CVP does not reliably indicate intravascular vol-
ume status, directional trends can guide volume manage-
ment and bleeding risk, especially when assessing portal
venous congestion during the dissection phase.5 The PAC
remains standard in many centers and remains a valuable
tool in the perioperative management of liver transplant
recipients, particularly those with advanced cirrhosis,
complex cardiovascular comorbidities, or challenging
intraoperative hemodynamics.6,7 In such high-risk
patients, standard noninvasive monitors may be insuffi-
cient to fully characterize the underlying circulatory sta-
tus. The PAC allows direct, real-time measurement of
critical parameters such as CO, stroke volume, pulmonary
artery pressures, mixed venous oxygen saturation, and
systemic/pulmonary vascular resistance, offering a level
of detail necessary to guide nuanced, physiology-based
management.6 Its use is best supported by a comprehen-
sive preoperative cardiovascular evaluation, including
recent transthoracic echocardiography to identify
patients with cirrhotic cardiomyopathy, pulmonary hyper-
tension, or right ventricular dysfunction, in whom inva-
sive monitoring may change perioperative management.
While not routinely indicated, the selective use of PAC in
liver transplantation, guided by clinical context and pre-
operative risk assessment, is aligned with modern periop-
erative care principles.7 Importantly, effective use of
PAC-derived data requires anesthesiologists and intensiv-
ists to be adequately trained, not only in catheter place-
ment and waveform interpretation, but also in
translating findings into therapeutic decisions. When
properly applied, PAC monitoring can aid in differentiat-
ing types of shock, titrating vasoactive agents, and
improving patient outcomes in this uniquely vulnerable
population.7,8

Minimally invasive methods for cardiac output monitor-
ing, including transpulmonary thermodilution (PiCCO) and
uncalibrated arterial waveform analysis (e.g., FloTrac or
Acumen IQ systems), are increasingly used in liver transplan-
tation as alternatives to PAC, particularly in patients without
significant cardiovascular comorbidities or advanced cir-
rhotic cardiomyopathy. These technologies require only cen-
tral venous and arterial access, offering continuous
hemodynamic data with lower procedural risk. However, evi-
dence suggests that their accuracy and trending ability may
vary. In a prospective study comparing PAC and the EV1000
transpulmonary system, Vetrugno et al. found acceptable
agreement in CO measurements during liver transplants,
with a percentage error of 35% and good concordance in
polar plot analysis, suggesting that calibrated systems may
offer reliable alternatives in lower-risk cases.9 Similarly, a
large retrospective cohort study comparing PAC and FloTrac-
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based monitoring reported no significant differences in
acute kidney injury, early allograft dysfunction, or 1-year
survival, supporting the feasibility of using less invasive devi-
ces in appropriately selected patients.10 Conversely, Feng et
al.11 highlighted limitations of PiCCO in trending dynamic
parameters like Systemic Vascular Resistance Index (SVRI)
and Stroke Volume Index (SVI) during critical intraoperative
phases, with high percentage errors exceeding 50% and poor
agreement in polar plot analyses, particularly during the
neohepatic phase. These findings suggest that while mini-
mally invasive systems may be safely employed in liver
transplant recipients with stable cardiovascular profiles,
their use demands cautious interpretation, especially during
rapid hemodynamic transitions. Ultimately, careful preoper-
ative evaluation, including echocardiography and MELD/
CHILD score stratification, should guide the choice of moni-
toring technique, with PAC reserved for high-risk patients
and minimally invasive alternatives used judiciously in stan-
dard-risk scenarios.

The use of TEE has significantly expanded in the context
of liver transplantation, driven by its ability to provide real-
time, detailed assessment of cardiac function, volume sta-
tus, and acute intraoperative complications. TEE enables
prompt identification of cirrhotic cardiomyopathy, right or
left ventricular dysfunction, pulmonary embolism, intracar-
diac thrombosis, left ventricular outflow tract obstruction,
and patent foramen ovale, conditions that are often difficult
to detect with conventional monitors such as PAC or arterial
waveform analysis.12 During all three phases of liver trans-
plantation (preanhepatic, anhepatic, and neohepatic), TEE
allows dynamic evaluation of preload, contractility, and
structural integrity, supporting tailored management of fluid
therapy, inotropes, and vasoactive agents.12,13 Moreover,
Doppler-based techniques can estimate CO, and simplified
protocols with as few as 5 to 9 views have proven effective
even for non-expert users, allowing rapid diagnosis of life-
threatening events and aiding in real-time clinical decision-
making.13

Despite these advantages, TEE is not universally
employed. A systematic review showed that although more
than 90% of liver transplant centers in the U.S. report having
access to TEE, only 38 to 56% use it routinely, with others
reserving it for high-risk or complex cases.14 One key limita-
tion is the need for specific training and certification, as
image acquisition and interpretation can be challenging
without structured education and experience. The guide-
lines from the Society for the Advancement of Transplant
Anesthesia (SATA) strongly recommend that liver transplant
anesthesiologists undergo formal training and certification
to ensure the competent use of TEE and reduce operator-
related complications.12

Another area of concern is safety in patients with
esophageal varices, present in up to 70% of liver trans-
plant candidates. While esophageal varices have tradi-
tionally been considered a relative contraindication,
recent studies and position statements report a low inci-
dence of TEE-related complications (< 0.5%), even in this
high-risk group, when procedures are performed by
trained operators. Although TEE remains contraindicated
in patients with grade III esophageal varices or a recent
history of variceal bleeding, its overall risk-benefit profile
is generally considered acceptable, especially given the
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potential for early detection of catastrophic intraopera-
tive events.15

In summary, while TEE cannot fully replace invasive moni-
toring tools like PAC, especially for continuous CO measure-
ment, it provides valuable structural and functional insight
that can significantly enhance intraoperative safety and
therapeutic precision in selected patients. Nowadays, TEE is
considered a complementary modality to PAC rather than a
substitute. As evidence and clinical experience continue to
grow, TEE is increasingly seen as an essential adjunct in the
perioperative management of liver transplantation, particu-
larly in high-acuity scenarios where prompt diagnosis and
response can influence graft and patient outcomes.

One of the primary goals of advanced hemodynamic mon-
itoring during liver transplantation is to enable a personal-
ized and physiologically guided approach to fluid therapy.
During the anhepatic phase, the goal is to maintain a low-to-
normal CVP (up to 10 mmHg) to reduce portal hypertension
and intraoperative bleeding.16 Balanced crystalloid solutions
(e.g., Plasmalyte, Normosol) are preferred over 0.9% saline
or lactated Ringer’s due to risks of hyperchloremic acidosis
and impaired lactate clearance in liver failure patients.17

The colloid albumin is administered to replace drained asci-
tes and maintain oncotic pressure, though its overall bene-
fits outside hepatorenal syndrome remain uncertain.18

During the anhepatic phase, meticulous fluid titration is crit-
ical. Complete caval clamping (versus piggyback techniques)
may require higher preload and vasopressor support (e.g.,
norepinephrine, vasopressin, epinephrine), with judicious
fluid administration to avoid right ventricle failure after
reperfusion.

Effective hemodynamic and fluid strategies during liver
transplantation are tightly linked to postoperative organ
function, graft perfusion, and patient survival. Altogether,
the findings discussed above reinforce that real-time multi-
modal monitoring, dynamic interpretation of volume status,
and phase-specific hemodynamic targets are indispensable
to optimizing outcomes across this high-risk population.
Recent evidence highlights that not only systemic perfusion
but also regional splanchnic hemodynamics, such as portal
venous pressure and portal venous flow, are independently
associated with early allograft dysfunction. In a recent sys-
tematic review, Brown et al.19 demonstrated that postreper-
fusion portal venous pressure > 15−20 mmHg is strongly
correlated with higher rates of early allograft dysfunction
and mortality, reinforcing the need for intraoperative portal
flow assessment and portal inflow modulation strategies to
prevent postoperative complications.

Moreover, intraoperative hemodynamic control during
critical surgical phases has a direct impact on postoperative
kidney outcomes. In a large retrospective cohort, Bieze et
al.20 found that intraoperative hypotension, particularly
during the anhepatic and neohepatic phases, is indepen-
dently associated with acute kidney injury, with mean arte-
rial pressure < 60 mmHg sustained for > 20 minutes
increasing the risk of postoperative renal dysfunction. These
findings underscore the importance of phase-specific blood
pressure goals, especially during periods of caval clamping
and reperfusion, to protect renal perfusion and optimize
patient outcomes.20 These insights align with and comple-
ment the findings from Lobo et al.1 on postoperative fluid
balance and Cywinski et al.2 on monitoring accuracy,
3

supporting a holistic, evidence-based anesthetic approach
to liver transplants.

As anesthesiology continues to evolve with innovations
in data-driven care, studies like these are essential to
balance enthusiasm with critical appraisal. In liver trans-
plants, where physiology is extreme and outcomes hinge
on minute-to-minute decisions, evidence-based protocols
must be grounded in both pathophysiological insight and
real-world clinical performance. We hope this collection
of articles will inspire readers to reflect on current prac-
tices and pursue rigorous, patient-centered approaches
in liver transplantation.
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