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OPEN A prospective longitudinal cohort

study for quality of life in patients
undergoing fourth level liver
surgery

Xiaofeng Xu'+?, Jing Xu?, Gang Xu>", Tao Lv*3 & Jiayin Yang3"*

Performing fourth-level liver surgery is an exceptionally demanding procedure, fraught with
significant risks and technical complexities. Patients undergoing such operations face elevated
surgical hazards, substantial physical trauma, prolonged recovery periods, and a multitude of factors
that can profoundly impact their postoperative quality of life (QoL). Despite these challenges, there
remains a notable gap in the literature regarding the long-term QoL outcomes for these individuals.
This study seeks to evaluate the QoL of patients who have undergone fourth-level liver surgery and
to identify key factors influencing their recovery. The findings aim to offer clinical insights that can
enhance postoperative care and improve patient outcomes. Employing a prospective longitudinal
cohort design, this study enrolled patients who received fourth-level liver surgery at a major tertiary
hospital in Chengdu, affiliated with a university. QoL assessments were conducted using the EQ-5D-5L
scale at three intervals post-discharge: one week, one month, and three months. This study enrolled
125 participants and tracked their health-related QoL using the EQ-5D-5L Utility Index (Ul) (health
utility values). Initially, 1 week post-discharge, most patients’ Ul scores fell within the range of - 0.2
to 0.6. These values improved significantly over time, rising to 0.7-1.0 after 1 month and stabilizing
between 0.8 and 1.0 by the 3 month mark. On average, patients reported experiencing pain for

4.18 days (+9.72) following discharge. Statistical analyses—both univariate and multivariate—were
performed to identify factors influencing QoL at different recovery stages. The findings revealed that
admission method was a key determinant of QoL during the 1-3 month period post-discharge. Marital
status emerged as a significant factor in the first week, while post-discharge pain levels primarily
impacted QoL at the 1 month mark. After fourth-level liver surgery, the vast majority of patients
regain their mobility, the ability to care for themselves, and their typical daily activities by 3 months
post-discharge. Patients who are admitted to the emergency department tend to experience a

lower QoL from 1 to 3 months following their discharge, compared to those who are admitted to the
regular department. The persistent pain is a major culprit in diminishing a patient’s overall well-being.
Consequently, prompt pain management and rehabilitation workouts are essential for expediting
recovery and enhancing the patient’s QoL.
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In the ASA’s (American Society of Anesthesiology, ASA) surgical grading scale, patients are categorized into six
tiers, reflecting their physical state and the surgery’s potential risks'. The outcomes can differ greatly across these
categories. In 2022, China’s National Health Commission overhauled the "Management Measures for Surgical
Grading in Medical Institutions," now dividing surgeries into four tiers based on the risk level, complexity,
resource usage, or ethical considerations’. A fourth-level surgery encompasses those with high risk, intricate
procedures, immense difficulty, significant resource demands, or substantial ethical concerns®. This includes
high-risk liver surgeries such as liver transplants, partial liver removals, live donor liver resections, and pancreatic
transplants. These patients face substantial surgical risks, severe trauma, and a lengthy recovery period. The
factors impacting their postoperative quality of life (QoL) are multifaceted*’. By concentrating on postoperative
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QoL and its determinants, and by intervening in modifiable factors during their hospital stay, we can enhance
both the QoL and patient satisfaction.

As medical tech advances, the success rates and safety of liver surgeries are on the upswing. QoL is a vital
gauge of a patient’s overall health, playing a pivotal role in their recovery and outlook after liver surgery. A
multitude of factors, such as the surgery’s results, the patient’s age, gender, and any pre-existing conditions, can
impact the QoL of those undergoing advanced liver procedures®’. The two go-to QoL assessment tools in liver
surgery are the SF-36 and the QLQ-C30%°. A review of the literature reveals that the EuroQol-5 Dimensions
(EQ-5D) can boost the sensitivity of health status measurements and mitigate the ceiling effect in chronic liver
disease cases'’. There’s a gap in research focusing on the QoL of fourth-level liver surgery patients, which is what
this study aims to fill. We plan to utilize the Chinese version of the EQ-5D scale to delve into a follow-up study
of these patients’ QoL and examine the factors that influence it, ultimately aiming to offer clinical insights for
enhancing their postoperative QoL.

Methods

Study design and sampling

This research is a prospective longitudinal cohort study that received the green light from the Biomedical
Ethics Review Committee of West China Hospital of Sichuan (Review No. 439, 2024). The study adhered to
the Helsinki Declaration. Participants were enrolled following a phone consultation, with all patients giving
their consent beforehand. We focused on patients who had liver surgery at a top-tier, university-connected
hospital in Chengdu, China, from January to March 2024. The criteria for inclusion were: @ patients hospitalized
with liver conditions aged 14 or older; ® those who underwent fourth-level liver surgery, which encompasses
resection and transplantation; ® patients and their families were fully informed and willing to collaborate with
the research team. The sample size was set to be at least five to ten times the number of variables. Based on past
literature, around a dozen factors are known to impact quality of life. Accounting for a potential dropout rate of
10% to 15%, the ideal sample size was estimated to be between 58 and 118 individuals. Consequently, the final
sample size for our survey was set at 100 participants.

Survey tool

In the current research, the go-to instrument for assessing the QoL is the universally applicable EuroQol-5
Dimensions (EQ-5D), a scale rooted in self-reported data from patients and crafted by the European Quality
of Life Group. This scale encompasses five key aspects: mobility, self-care, usual activity, pain/discomfort, and
anxiety/depression!!. Initially, the EQ-5D-3L offered three different levels per dimension but has since been
enhanced to include five levels for each, giving rise to the EQ-5D-5L!%!3. The state of health for each dimension
of the EQ-5D can be translated into utility scores using the Utility Index (UI) (health utility values), which is
based on preferences from the target population!®. Calculating the UI isn'’t a one-size-fits-all scenario; it varies
from person to person. As a result, distinct health utility scoring systems have been crafted for diverse nations.
For our investigation, we employ the EQ-5D-5L scale that Professor LUO developed in 2017, utilizing the
Chinese health utility score framework. The UI, which gauges an individual’s quality of life, spans from -0.391 to
1.000, with higher scores denoting a superior quality of life. Notably, a score that’s below zero indicates a health
status deemed worse than death!>.

Data collection

We conducted an in-depth assessment of the QoL for liver disease patients at the 1 week, 1 month, and 3 month
marks following their release from the hospital. The evaluation encompassed a range of details about the
participants, such as age, gender, diagnostic information, occupation, educational, and body mass value (BMI).
We also utilized the EQ-5D-5L scale as a measure. The research team consists of clinically trained nurses who
are all uniformly well-versed in their methodologies.

Statistical analysis

Once the follow-up data were gathered and organized, we dived into the analysis with SPSS 26.0. The numbers
were broken down into frequencies and percentages, while the counts were presented as averages with their
respective standard deviations. We applied the Friedman test to compare the QoL scores across different
timeframes. To pinpoint the factors influencing QoL throughout these periods, we conducted both univariate
and multivariate analyses. For the univariate dive, we relied on the rank sum test, also known as the Wilcoxon
Mann Whitney test. When comparing UI between two groups, we used the two-sample rank sum test. For
three or more groups, the Kruskal Wallis diversity rank sum test took the lead. The multivariate approach was
handled through multiple regression analysis. A p-value of less than 0.05 signaled that the differences were
indeed statistically meaningful.

Results

Analysis of factors influencing patients’ QoL

This research involved 136 individuals who underwent fourth-level liver surgery. During the follow-up
period, one patient passed away, while ten others were lost to contact (accounting for 7.35% of participants).
The remaining 125 patients successfully completed the study. Among these participants, the average age was
49.92 years (+14.50), with men making up the majority at 67.2% (84 out of 125). Hospital stays averaged
15.01 days (+£11.69), and post-discharge pain typically lasted 4.18 days (+9.72). The most prevalent condition
was decompensated cirrhosis (29.6% of cases), followed by hepatocellular carcinoma.
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The univariate analysis revealed that admission method significantly impacted patients’ QoL during the first
three months post-discharge, while marital status influenced QoL for 1 week after discharge. Postoperative pain
levels were found to affect QoL outcomes for 1 month after discharge (Table 1).

Further analysis through multiple regression demonstrated that marital status continued to play a role in
QoL during the first week after discharge. Additionally, both postoperative pain and hospital length of stay
(LOS) emerged as significant factors influencing QoL at 1 week and 1 month post-discharge (Table 2).

Patient QoL distribution by EQ-5D-5L dimensions

1 week post-discharge QoL assessments revealed widespread functional challenges among patients: nearly
all struggled with mobility (92.8%), self-care tasks (93.6%), and regular activities (98.4%), while persistent
pain affected 83.2% of cases. By the 1 month follow-up, marked progress emerged in mobility, self-care, and
participation in usual activities. The 3 month evaluation demonstrated even greater recovery, with 95.2% of
patients regaining mobility, 90.4% achieving independent self-care, and 89.6% resuming regular activities
(Fig. 1).

QoL Ul at different periods
In the EQ-5D-5L Ul distribution charts, taken at 1 week, 1 month, and 3v months post-discharge, the indices
failed to exhibit normal distribution (p <0.05). Consequently, we resorted to reporting the median and quartiles
for the data. At 1 week, the median EQ-5D-5L UI was 0.189, with the upper quartile at — 0.028 and the lower
quartile at 0.459. The minimum value was — 0.297, and the maximum reached 1.000, with most patients’ Uls
hovering around — 0.2 to 0.6. One month later, the median UI was 0.907, the upper quartile was 0.663, and the
lower quartile was 1.000, with a minimum of — 0.030 and a maximum of 1.000. The majority of patients’ UIs fell
between 0.7 and 1.0. By three months, the median UI was a perfect 1.000, with the upper quartile at 0.882 and the
lower quartile also at 1.000. The minimum UI was 0.031, while the maximum remained 1.000. For the majority
of patients, their Uls were clustered between 0.8 and 1.0 (Fig. 2)..

Friedman test revealed significant variations in EQ-5D-5L UI scores across groups at 1 week, 1 month, and
3 months post-discharge (Table 3).

Discussion

In the current research, a follow-up investigation into the QoL among 125 liver patients was conducted using the
EQ-5D-5L questionnaire, and the potential determinants were meticulously examined. The findings revealed that
the majority of patients had yet to regain mobility, self-care, and usual activities just one week post-discharge, and
they continued to endure discomfort. It typically takes them around three months to reclaim their capabilities.
On average, the duration of post-discharge pain was approximately four days. Other studies have indicated that
the QoL of liver donors has notably diminished following surgery, and prolonged observation is crucial for
enhancing patients’ QoL!®. Moreover, the review of the literature revealed that patients who underwent fourth-
level liver surgery demonstrated a superior QoL at 13 to 24 months and beyond three years post-operation
compared to those who had less than a year’s worth of follow-up. However, the recovery process within the first
three months post-surgery significantly impacts the long-term QoL of these patients'”. Consequently, this study
delved into a post-surgery QoL follow-up analysis for fourth-level liver surgery patients at the three-month
mark. The data suggest that it’s imperative to bolster the patient’s rehabilitation efforts, focusing on mobility and
daily activities during the critical first month following surgery, and to ensure they receive the necessary support
to regain their independence promptly.

This research reveals that factors like gender, age, ethnicity, educational background, occupation, and BMI
do not impact a patient’s QoL following their release from the hospital. Yuan Liao’s research delved into the
QoL and its determinants for patients post-liver transplant, concluding that age, gender, and education level
didn’t correlate with their QoL’. Similarly, Meimei Liu noted that there was no substantial statistical discrepancy
in the EQ-5D UI among various subgroups, including gender, age, nationality, occupation, and education
level!®. The study’s findings indicate that the method of admission can influence a patient’s QoL for up to three
months post-discharge, with emergency patients experiencing a lower QoL compared to those admitted through
regular channels. Marital status, particularly for those who are divorced or widowed, can boost QoL within
a week of discharge. The presence or absence of post-discharge pain affects QoL for a month, with pain-free
patients enjoying a notably higher QoL. Previous studies have been sparse on the connection between admission
methods and QoL. This study highlights a lower QoL among emergency department patients, which could be
attributed to their critical condition and the array of diseases they often face, thus impacting their post-operative
QoL. Studies have also shown that emergency surgeries, due to their urgency, are often rushed and have a higher
risk of complications and mortality, leading to reduced quality of life post-surgery'®. Moreover, pre-existing
conditions such as hypertension, diabetes, lung disease, or heart disease can significantly increase the risk of
post-operative complications®. We recommend that healthcare professionals give closer attention to emergency
department patients and implement targeted interventions, such as pain management and early rehabilitation
exercises. Furthermore, research indicates that marital status does not significantly influence the quality of life
for patients undergoing fourth-level liver surgery.

Persistent pain is a major deterrent to the QoL for patients post-discharge, and it can severely hamper their
recovery process. If acute pain during the initial phase of the perioperative period is not adequately managed, it
may escalate into chronic post-op pain, significantly impacting the disease’s progression and outlook. Pain is a
crucial factor contributing to the escalation of postoperative complications and mortality rates. Studies indicate
thata 10% increase in severe post-op pain can lead to a 24% increase in pain intensity six months post-surgery?.
Previous research has yet to fully delve into the correlation between pain and patients’ QoL. This study, however,
offers fresh insights. It suggests that healthcare professionals must prioritize addressing the onset of pain in
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Diagnose 0.025 0.021 | 1.220 0.225 |0.019 0.023 | 0.809 0.42 0.006 0.013 | 0.467 0.641
Age —0.04 |0.041 | -0.966 | 0.336 | —0.028 | 0.045 | —0.613 | 0.541 | -0.01 |0.026 | 0.395 0.694
Gender —-0.036 | 0.058 | —0.608 | 0.544 | —0.086 | 0.064 | —1.346 | 0.181 | —0.053 | 0.036 | —1.457 | 0.148
Method of admission | —0.075 | 0.058 | —1.295 | 0.198 | —0.112 | 0.064 | —1.758 | 0.081 | —0.071 | 0.036 | — 1.965 | 0.052
Ethnicity 0.078 0.077 | 1.011 0.314 | 0.084 0.085 | 0.987 0.326 | 0.021 0.048 | 0.446 0.657
Marital status 0.142 0.065 | 2.196 0.030* | 0.019 0.071 | 0.269 0.788 | —0.004 | 0.040 | —0.097 | 0.923
Education level 0.008 0.013 | 0.561 0.576 | 0.006 0.015 | 0.403 0.688 | 0.001 0.008 | 0.124 0.902
Occupation —-0.001 | 0.013 | —0.083 | 0.934 |-0.001 |0.014 | —0.073 | 0.942 | 0.000 0.008 | 0.042 0.966
BMI —0.040 | 0.041 | -0.972 | 0.333 | —0.027 | 0.045 | —0.608 | 0.545 | 0.009 0.025 | 0.352 0.726
Pain —1.131 | 0.054 | —2.451 | 0.016* | —0.126 | 0.059 | —2.138 | 0.035* | —0.005 | 0.033 | - 1.191 | 0.882
length of stay (LOS) | —0.006 | 0.002 | —2.731 | 0.007* | —0.008 | 0.003 | —2.999 | 0.003* | —0.002 | 0.001 | —0.148 | 0.236

Table 2. Multivariate regression outcomes for patient QoL across time intervals. Note: * indicates P <0.05.

self-care | NN DN N

usual activities | NN IR N
pain/discomfort | I NN NN N

1 week after discharge

anxiety/depression | NN I NN
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Fig. 1. Distribution of QoL in different dimensions of EQ-5D-5L.
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Test statistic | Standard error | Standard test statistic | P
1 week VS 1 month - 1.192 0.126 -9.424 0.000
1 week VS 3 months -1.724 0.126 -13.629 0.000
1 month VS 3 months | — 0.532 0.126 —4.206 0.000

Table 3. Comparison of QoL Ul among patients in various time intervals.

patients who undergo liver surgery and implement essential measures to mitigate their discomfort to prevent the
onset of persistent pain upon discharge. For effective pain management in liver surgery patients, we recommend
employing preoperative preemptive analgesia, such as the use of nonsteroidal anti-inflammatory drugs, in
combination with postoperative multimodal analgesia, which involves a sequential approach to analgesics,
complemented by non-pharmacological methods?2.

Conclusion

This research examined shifts in patients’ QoL and identified key influencing factors by tracking individuals
who underwent stage fourth-level liver surgery over a three-month period. The findings indicate that a majority
of patients regained their mobility, self-care, and usual activities within three months post-discharge. However,
those admitted through emergency departments reported notably poorer QoL during the first three months
compared to elective admission patients. The persistent pain emerged as a significant barrier to recovery,
substantially diminishing patients’ overall well-being. Consequently, healthcare providers must prioritize
prompt intervention through early pain management strategies and structured rehabilitation programs to
optimize patient outcomes.

Limitations

This research was confined by the constraints of location and time, thus it was confined to a single hospital
setting. Consequently, the results could be somewhat constrained. Nonetheless, the hospital chosen was a
university-affiliated, high-level care facility, which helped somewhat in mitigating the sample size limitations
by enrolling patients from various regions across southwestern China. One notable gap in our study, however,
was the absence of baseline EQ-5D data from the patients, which left us without a comprehensive dataset to
compare pre- and postoperative quality of life outcomes. Moving forward, we aim to conduct a multicenter study
involving a broader sample size, thereby offering a richer body of reference evidence.

Data availability
The datasets used or analysed during the current study are available from the corresponding author upon rea-
sonable request.
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