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ABSTRACT

Background: Post hepatectomy liver failure (PHLF) has been an important morbidity and mortality cause after liver resection.
The preoperative evaluation of the hepatic reserve must be accurately conducted to ensure the correct planning of the surgery
and elimination of postoperative complications. Radiological liver volumes have become a useful method to predict future liver
remnant (FLR) and maximize surgeries.

Objective: To assess how radiological liver volumetry can influence the surgical planning and its correlation with the occurrence
of post-hepatectomy liver failure in patients that undergo elective hepatectomy.

Methods: This was a prospective clinical trial study where 100 patients undergoing an elective liver resection surgery at a
tertiary care unit were included. Preoperative contrast-enhanced computed tomography-based liver volumetry was carried out
on all patients to determine the total liver volume, planned resection volume and FLR. In making decisions in surgery relating to
the degree of hepatectomy, volumetric findings were used in conjunction with clinical and biochemical parameters. The liver
functions after the surgery were controlled, and PHLF was evaluated according to the standard criteria. The statistical
associations were used to determine the relationship between FLR and PHLF.

Results: As an average, the liver remnant was found to be 62.3 + 9.8. Forty-six percent of the patients had major hepatectomy,
and 54 percent minor resections. A liver failure post- hepatectomy was seen in 18 percent of the patients with majority being
mild to moderate cases. Patients who suffered FLR <60% showed a high incidence of PHLF than those who suffered FLR 260%
(38.9% vs. 6.3, p < 0.05). Postoperative liver failure had strong relationships with lower FLR values and intrinsic chronic liver
disease.

Conclusion: Radiologic liver volumetry is important and dependable preoperative risk stratification and surgical planning tool in
hepatectomy. Proper evaluation of the future liver remnant would greatly decrease future hepatectomy liver failure and would

help to develop personalized and safer hepatic surgery.
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INTRODUCTION

Hepatectomy has persisted as a primary curative procedure in a
large array of hepatic pathologies, such as primary liver
malignanC}/, metastatic tumor, as well as selected benign
conditions'. Post-hepatectomy liver failure (PHLF) has remained
the most dreaded and life-threatening complication following liver
resection despite the current developments in surgical practices
and perioperative care®. PHLF is caused by inadequate functional
hepatic remnant, which is unable to sustain the metabolic,
synthetic, and detoxification requirements of the body following
surgery. Thus, the proper preoperative evaluation of hepatic
reserve is essential to reduce morbidity and mortality and make
appropriate surgical decisions®.

Historically, the use of anatomical landmarks, subjective
intraoperative evaluation, and indirect clinical liver function
parameters were used to plan liver resection. Nonetheless, these
methods have a restricted scope especially in patients who have a
history of chronic liver disease, cirrhosis, steatosis, liver damage
due to chemotherapy, or portal hypertension“. Within these
environments, the mismatch between anatomical and real
functional liver size becomes clinically important, and this leads to
higher rates of PHLF despite apparently sufficient resections®.

Radiological liver volumetry, which is mostly done
through contrast-enhanced computed tomography (CT) or
magnetic resonance imaging (MRI), has become an important
instrument in contemporary surgery of the hepatobiliary® Volumetry
allows total liver volume and more importantly the future liver
remnant (FLR) to be calculated objectively by means of precise
three-dimensional segmentation of the liver. Measurement of FLR
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has been found to be strongly associated with the postoperative
liver performance and patient outcomes, thus directly affecting the
degree of resection that can be considered as safe in the individual
patients’.

Liver volumetry has more than mere measurement.
Volumetric assessment is crucial in establishing surgical eligibility,
personalizing the degree of hepatectomy and choosing
complementary measures like portal vein embolization or staged
hepatectomy to cause pre-major resection FLR hypertrophys. A
smaller FLR might be tolerated in patients with normal hepatic
parenchyma but in patients with impaired liver hepatic function, a
much greater FLR is necessary to prevent postoperative
decompensation. Volumetry therefore, provides a connection
between radiological evaluation and clinical and surgical
judgement®.

Although it is used more and more, there is still a variability
in the ways liver volumetry is becoming part of the standard clinical
practice, especially in resource-constrained conditions. Besides,
the correlation of radiologically determined liver volumes,
preoperative intraoperative results, and the true occurrence of
PHLF deserves additional consideration in various populations of
patients. This relationship should be understood to enhance
surgical thresholds, risk stratification, and patient outcomes'®.

This is a clinical study that seeks to determine the
significance of radiological liver volumetry in the surgery decision-
making process, as well as to determine the influence of
radiological liver volumetry on the formation of liver failure in the
aftermath of hepatectomy. This study aims at increasing the
clinical utility of liver volumetry as a significant part of the safe and
personalized hepatic surgery by correlating volumetric parameters
with operative strategies and postoperative outcomes.
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MATERIALS AND METHODS

This was a prospective clinical trial which was carried out among
100 patients who were undergoing elective liver resection in a
teaching hospital which is in the tertiary care. The period of the
study was a specific term as all qualified patients who intended to
undergo partial hepatectomy were recruited one after another. The
Institutional Review Board granted the ethical approval and all
participants were given written informed consent before they were
included in the study. Adult men and women aged 18 years and
above who were to undergo hepatic resection due to malignant or
benign liver lesion were participated. They were open to patients
with  hepatocellular carcinoma, metastatic liver disease,
cholangiocarcinoma and benign tumors that required surgical
resection. The patients who had undergone a major liver resection
in the past, those patients with acute liver failure, progressive
decompensated cirrhosis (Child Pugh C), renal insufficiency, and
the absence of full radiological information were excluded. Patients
having emergency liver surgery were also not included so as to
keep uniformity in preoperative assessment.

Every patient was thoroughly assessed in the preoperative
period, including a history of clinical and physical examination and
comorbid conditions assessment. There were baseline liver
functional tests of serum bilirubin, alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, albumin, and
international normalized ratio. The patients were stratified based
on liver functional status according to Child-Pugh classification,
and the appropriate patients were calculated based on Model of
End-Stage Liver Disease (MELD) score. These parameters were
applied together with volumetric findings to plan surgery. Liver
volumetry was done preoperative by contrast-enhanced
multiphasic computed tomography. Thin-slice images were
obtained and transferred to a special work station to reconstruct
them in three dimensions. The techniques used to calculate total
liver volume, planned resection volume, and future liver remnant
(FLR) were semi-automated liver segmentation methods. The FLR
was given as an absolute volume and percentage of total
functional liver volume. Volumetric thresholds were standardized
and more FLR demanded in patients with a history of liver disease,
steatosis, or chemotherapy-related liver destruction.

Radiological volumetry results used along with clinical and
biochemical parameters influenced the degree of liver resection.
Patients having insufficient FLR were regarded as having modified
surgical plans, comprising of limited resection or preoperative
optimization. A multidisciplinary conference among hepatobiliary
surgeons, radiologists and anesthesiologists made the final
decision on the surgical plan. Overall intraoperative observations
were recorded, such as texture of liver, fibrosis, and the actual
extent of resection and compared to the volumetric approximations
made beforehand. All hepatectomies have been conducted by well
experienced hepatobiliary surgeons using the normal surgical
procedures. Intraoperative blood loss, time of surgery, and
transfusion were noted. Depending on the indicators, patients were
followed in high-dependency or intensive care facility after the
operation. Serial liver functioning tests were conducted on
postoperative days 1, 3, 5, and 7 or till discharge.

Post hepatectomy liver failure was measured and
categorized based on internationally recognized standards, which
were set on the basis of the deterioration of bilirubin and
coagulation parameters, which occurred after the surgery. The
patients were grouped as no PHLF and PHLF with different
severity. There was the recording of clinical outcome, length of
hospital stays, postoperative complications, and mortality. A
statistical software package was used to enter and analyze the
data. Mean and standard deviation were used to present
continuous variables where frequencies and percentages were
used to present categorical variables. The correlation between
FLR volume, surgical extent and PHLF documented was assessed
with the help of the corresponding statistical tests. The p-value that
was taken as significant was below 0.05.

RESULTS

The main peculiarities of the study cohort are provided in this table:
the age, gender distribution, surgical indications, and baseline liver
functional state. It shows that the majority of patients had
undergone hepatic surgery due to malignant hepatoma, and had
retained hepatic reserve, and that a significant percentage had an
underlying chronic liver disease. These baseline characteristics are
crucial in interpreting the risk of surgery and the postoperative
results.

This table shows the correlation between the percentage of liver
remnant in the future and the occurrence of the liver failure after
hepatectomy. It is also a clear indication that patients with lower
FLR percentages were much more likely to develop PHLF further
supporting the idea of radiological liver volumetry as being an
important predictor of postoperative liver function and surgical
outcomes.

Table 1: Baseline Demographic and Clinical Characteristics (n = 100)

Variable Value
Age (years), mean + SD 52.6+11.4
Gender (Male/Female) 62/38
Indication for Surgery

Malignant lesions 72 (72%)
Benign lesions 28 (28%)
Liver Function Status

Normal liver 68 (68%)
Chronic liver di / fibrosis 32 (32%)
Child—Pugh Class A 84 (84%)
Child—Pugh Class B 16 (16%)

This table describes the quantitative outcomes of the liver
volume preoperative radiology and shows the total liver volume,
planned resection volume and the future liver remnant calculated
in absolute and percentage. These are the measurements that
gave an objective ground to assess the safety of hepatectomy, to
choose the right surgical approach especially in patients with low
liver reserve.

Table 2: Radiological Liver Volumetry Parameters

Volumetric Parameter Mean + SD
Total liver volume (mL) 1380 + 260
Planned resection volume (mL) 520 + 190
Future liver remnant (FLR) volume (mL) 860 + 210
FLR as % of total liver volume 62.3+9.8

When stratified by liver condition, patients with chronic liver
disease had a significantly higher required FLR threshold.

In this table, patients have been divided into groups based
on the degree of hepatic resection done. It shows the role of
volumetric results in the take-up of operational decisions, and
major hepatectomies were performed in patients with sufficient
residual liver volume and minor resections were favorable in
patients with marginal or impaired hepatic reserve.

Table 3: Type of Hepatectomy Performed

Type of Resection Number (%)
Major hepatectomy (=3 segments) 46 (46%)
Minor hepatectomy (<3 segments) 54 (54%)

Table 4: Incidence and Severity of Post-Hepatectomy Liver Failure

PHLF Status Number (%)
No PHLF 82 (82%)
PHLF present 18 (18%)
Mild 10 (10%)
Moderate 6 (6%)
Severe 2 (2%)

This table provides a summary of the outcome of liver failure
post-operation (the ratio of patients developing PHLF and the
grade of severity). It emphasizes that despite recovery of most of
the patients without liver failure, a portion of them developed mild
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to severe PHLF, which emphasizes the clinical significance of
precise preoperative risk evaluation.

This table showed the correlation between the percentage of
liver remnant in the future and the occurrence of the liver failure
after hepatectomy. It is also a clear indication that patients with
lower FLR percentages were much more likely to develop PHLF
further supporting the idea of radiological liver volumetry as being
an important predictor of postoperative liver function and surgical
outcomes.

This association was statistically significant (p < 0.05),
indicating that lower FLR values were a strong predictor of post-
hepatectomy liver failure.

Table 5: Association Between FLR Percentage and PHLF

FLR Percentage Patients (n) PHLF n (%)

>60% 64 4(6.3%)

<60% 36 14 (38.9%)

DISCUSSION
Liver failure after hepatectomy is one of the most severe and life-
threatening complications after liver resection, and proper
preoperative evaluation of hepatic reserve is vital to prevent it. The
current clinical trial assessed the functions of radiological liver
volumetry in surgeon decision-making as well as its effects on the
progression of post-hepatectomy ||ver failure in 100 study patients
undergoing elective hepatectomy The results indicate that
volumetric evaluation of the future liver remnant (FLR) is very
significant in making predictions of the outcome after the surgery
as well as the receptor of surgical resection?. In the present
research, most of the patients had liver resection due to malignant
disease, and this i |s |n line with the practice of hepatobiliary surgery
in the global arena® . Though the liver functioning remained intact
in the majority of patlents, almost a third of the patients showed the
presence of chronic liver disease or fibrosis, and the clinical
dilemma of balancing oncologic clearance with postoperative liver
safety is a challenging issue to address™. In these patients, the
traditional liver functional tests can be not enough as the
biochemical parameters do not necessarily indicate the actual
functional hepatic reserve'®

Radiological liver vqumetry gave objective and reproducible
results on total liver volume, volume of resection, and FLR. The
research showed a direct negative correlation between the
percentage FLR and the occurrence of post hepatectomy liver
failure. The rate of PHLF in patients whose FLR was less than 60
percent was significantly greater than when the FLR was greater.
This observation confirms the idea that poor residual liver volume
is a significant predictor of postoperative hepatic insufficiencym.
The findings also show how volumetric analysis affected surgical
plan. Major hepatectomy was done in patients with sufficient FLR
and minor resections were chosen in patients with low hepatic
reserve. This patient-focused practice is an indication of the
inclusion of radiological data in multidisciplinary decision-making,
which is patient-specific surglcal planning as opposed to a
standard operative approach This type of individual planning is
especially critical with chronic liver disease, or with liver damage
that occurs during chemotherapy, or with steatosis, so that the
functional reserve of the liver is decreased because of its size'®

The PHLF indicated in this study is similar to those observed
in the literature as the majority of them were mild to moderate.
Severe PHLF was uncommon though had a great clinical
implication since it was associated with longer hospitalization and
higher rates of postoperative morbidity. Such results highlight the
significance of identifying high-risk patients as early as possible
with the help of volumetric assessment in order to implement some
preventive measures, such as minimizing the scope of the
resection or making the most out of the preoperative liver
condition. This research suffers some limitations in spite of its
strong points™. It is a single-center clinical study, which might be
having institutional practices and patient demographics. Also,
although volumetry estimates the liver quantity, it does not directly

measure liver quality and liver functioning. The volumetric analysis
along with functional tests can also be combined to further predict
the risk. However, the study is well-grounded in clinical evidence to
use radlologlcal liver volumetry in preoperative assessment as a
routine®.

CONCLUSION

The Preoperative assessment of hepatectomy patients is an
important and essential instrument of radiological liver volumetry.
This paper shows that the correct assessment of the future liver
remnant has a long-lasting impact on the decision-making of the
surgery and is closely related to the risk of liver failure after the
hepatectomy. Lower percentiles of FLR increase the chances of
postoperative liver failure in patients significantly, and sufficient
FLR correlates with positive results. Implementation of liver
volumetry into the standard preoperative planning facilitates the
customization of surgical plans, increased safety, and minimized
postoperative problems in patients. Radiological volumetric
assessment is thus regarded as a vital part of the contemporary
hepatobiliary surgery especially in the patient with underlying liver
disease or in those with a major liver resection.
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