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With distinct advantages in clinical application, total knee arthroplasty (TKA) is an effective

surgical option for treating end-stage osteoarthritis in the knee. After TKA, incisional problems

are one of the major factors influencing the speed in which patients recover. Although it is widely
acknowledged that preoperative hypoalbuminemia and the incidence of incisional complications

are significantly associated, it is still unclear if postoperative hypoalbuminemia raises the risk of
incisional complications following TKA. Furthermore, human serum albumin (HSA) is frequently
utilized domestically and internationally to treat postoperative hypoalbuminemia; nevertheless,
there is ongoing discussion on whether HSA supplementation can enhance postoperative clinical
outcomes. To investigate the relationship between hypoalbuminemia and suboptimal incision healing
following TKA, as well as to determine whether HSA supplementation can enhance incision healing
after surgery, we collected clinical data for this study. The study sample consisted of 22 patients with
poorly healed incisions and 120 cases with normal healing of incisions who underwent TKA treatment
for knee osteoarthritis (KOA) in the operator’s hospital’s Department of Orthopaedics between

July 1, 2020, and July 1, 2023. To determine the prevalence of postoperative poor incision healing,
data on patients’ basic characteristics, preoperative test results, surgical data, postoperative test
results, and postoperative incision healing were gathered. The contributing factors to inadequate
recovery after surgery were examined using SPSS software. After controlling for confounding
variables, a multivariate regression analysis model was used to examine the relationship between
postoperative hypoalbuminemia, HSA supplementation, and poor incision healing. 22 cases (15.49%)
had poor wound healing following surgery. The findings of multivariate regression analysis after
controlling for confounders indicated that there was no correlation between poor wound healing and
postoperative albumin level (P>0.05). Similarly, there was no association (P>0.05) seen between HSA
supplementation and poor incision healing. Following the TKA, postoperative hypoalbuminemia does
not raise the risk of incisional problems, and postoperative HSA supplementation neither lowers nor
enhances the risk of inadequate incisional healing.
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Abbreviations

HSA Human serum albumin
KOA Knee osteoarthritis
TKA Total knee arthroplasty

An increasing number of people with osteoarthritis of the knee have been discovered because of our society’s
aging population, the prevalence of risk factors like obesity, and rising health awareness?. Osteoarthritis of the
knee causes joint discomfort, deformity, and dysfunction; the onset of end-stage disease will significantly reduce
the prognosis of affected people’. The primary treatment for end-stage knee osteoarthritis (KOA) at this time is
total knee arthroplasty (TKA), which can successfully relieve symptoms, correct deformity, restore joint function,
and enhance quality of life*. However, this operation is more traumatic, with more intraoperative bleeding and
a higher risk of poor incision healing, and it is one of the common complications after TKA®. This complication
causes significant psychological and financial hardships for patients and their families in addition to lowering
the quality of the patients’ postoperative survival. It has been shown that there is a relationship between pre-
operative hypoalbuminemia and problems during incisional surgery®’. In clinical work, hypoalbuminemia is
more common following TKA; however, there is currently no information about the relationship between poor
incision healing following TKA and postoperative hypoalbuminemia. Although guidelines do not support this
therapy technique®, human serum albumin (HSA) has been utilized extensively in clinical settings to correct
postoperative hypoalbuminemia state to enhance incision healing. The purpose of this study was to further assess
the relationship between hypoalbuminemia and poor incision healing following TKA, as well as the effects of
postoperative HSA supplementation on incision healing.

Patients and methods

A retrospective collection of patient data was conducted from July 1, 2020, to July 1, 2023, at the Department of
Orthopaedics in the First Affiliated Hospital of Harbin Medical University and the Department of Orthopaedics
at the Shanghai Public Health Clinical Center. This research focused on patients who underwent TKA for KOA
performed by the same surgeon. The inclusion criteria for this study were as follows: (1) meeting the diagnostic
criteria for KOA® and undergoing knee joint surgery for the first time; (2) all surgeries performed by the same
surgeon using the medial parapatellar approach; (3) completion of plasma albumin level testing within 3 days
post-surgery; (4) voluntary participation in the study and signing of the consent form. The exclusion criteria
were as follows: (1) previous knee joint surgery or revision surgery; (2) patients with acute or chronic infections
prior to surgery; (3) patients receiving exogenous albumin supplementation before surgery; (4) patients receiving
plasma or whole blood transfusion before surgery; (5) long-term use of glucocorticoids or immunodeficiency;
(6) concurrent or subsequent additional surgeries during hospitalization; (7) occurrence of other surgery-related
complications during follow-up; (8) patients with mental disorders unable to cooperate with the study.

Methods

All inpatient information and post-discharge outpatient follow-up information were collected from the inpatient
electronic medical record system, and all patients were followed up for at least 1 month after surgery. The infor-
mation collected included: basic information (age, BMI, gender); history of underlying diseases (hypertension,
diabetes mellitus); preoperative test results (preoperative albumin, preoperative hemoglobin); surgery-related
information (anesthesia method, ASA classification, operation time, time of tourniquet use, intraoperative
blood loss); and postoperative information ( antimicrobials time, drainage tube staying time, postoperative
blood transfusion, postoperative albumin transfusion); test results (postoperative albumin, postoperative hemo-
globin); incidence of poor incision healing ( exudation, fat liquefaction, dehiscence, hematoma, etc.) in the 30
d postoperatively.

Diagnostic criteria:(1) Postoperative hypoalbuminemia was defined as plasma albumin < 35 g/L within 3 days
after surgery in this study.(2) Poor healing of superficial incisions with inflammatory reaction at the incision, but
without suppuration, as proposed by Dennis et al.'’ was used as an observational endpoint in this study, which
mainly included dehiscence of the incision, fat liquefaction, exudation, hematoma, delayed healing, and necrosis
of skin margins, and did not include Incision or prosthesis-related infections.

Statistical analysis

The data was processed using SPSS 26.0 statistical software. The measurement information with a normal dis-
tribution was expressed as mean + SD, and the comparison was made by two independent samples t-test; the
measurement information with a skewed distribution was expressed as M (Q1, Q3), and the comparison was
made by rank-sum test; the counting information was expressed as frequency and percentage, and the compari-
son was made by Fisher’s exact test or chi-square test. The study employed various independent and dependent
variables, including basic patient information, underlying disease history, preoperative test results, surgery-
related information, postoperative related information, test results, and the occurrence of poor incision healing
within 30 days after surgery. Univariate analyses used incision healing as the dependent variable, and multivariate
logistic regression models were utilized to include a single factor if relevant. Confounding factor adjustments
were made, and the resulting OR and 95% CI were derived. Statistics were deemed significant if P<0.05.

Ethics approval and consent to participate
Ethical approval for this study was granted by the Medical Ethics Review Committee of the Shanghai Pub-
lic Health Clinical Center (Fudan University) (Approval ID: 2024-S012-01). All methods were carried out in
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accordance with relevant guidelines and regulations. Informed consent was obtained in writing from all the
individual participants included in the study.

Consent for publication
Written informed consent was obtained from all patients for publication of this study.

Results

Basic information

Based on the inclusion and exclusion criteria set forth for the study, 142 patients in total were recruited as
study participants. The mean age was 65.70 + 6.34 years, with 31 (21.80%) males and 111 (78.20%) females. The
research participants were split into two groups based on incision healing: 22 (15.49%) were in the poor healing
group and 120 (84.51%) were in the normal healing group.52(36.60%) were associated with diabetes mellitus,
and 33(23.20%) were combined with hypertension. Table 1 shows that 96 subjects (67.61%) had postoperative
hypoalbuminemia.

Univariate analyses of factors affecting poor postoperative incision healing

Based on the results of univariate analyses, several factors were found to be significantly associated with poor
healing, including age, diabetes mellitus, operation time, time of tourniquet use, intraoperative blood loss,
postoperative albumin, and postoperative hemoglobin (all P<0.05) (Table 1).

Poor wound healing
Variables Total (n=142) | Yes(n=22) No(n=120) Statistics | P value
Age, years 65.70+6.34 68.86+5.58 65.12+6.32 2.593 0.011
BMI, kg/m2 24.77+2.70 25.50+2.64 24.64+2.71 1.387 0.168
Gender, n (%) 0.153 0.695
Male 31(21.80%) 6(27.30%) 25(20.80%)
Female 111(78.20%) 16(72.70%) 95(79.20%)
Hypertension, n(%) 1.074 0.300
Yes 33(23.20%) 7(31.80%) 26(21.70%)
No 109(76.80%) 15(68.20%) 94(78.30%)
Diabetes mellitus, n(%) 8.187 0.004
Yes 52(36.60%) 14(63.60%) 38(31.70%)
No 90(63.40%) 8(47.10%) 82(65.60%)
Preoperative albumin, g/L 40.90+4.34 40.39+3.19 41.00+4.52 -0.768 0.447
Preoperative hemoglobin, g/L 119.83+13.18 | 116.73+£13.64 | 120.40+13.07 | -1.204 0.231
Anesthesia method, n(%) 0.052 0.820
Spinal anesthesia 117 (82.40%) 19 (86.40%) 98 (81.70%)
General anesthesia 25 (17.60%) 3(13.60%) 22 (18.30%)
ASA classification, n (%) 1.961 0.375
I 94 (66.20%) 12 (54.50%) 82 (68.30%)
II 33 (23.20%) 6 (27.30%) 27 (22.50%)
11T 15 (10.60%) 4 (18.20%) 11 (9.20%)
Operation time, min 72.04+9.38 77.95+11.25 70.96 +8.62 3.330 0.001
Time of tourniquet use, min 63.06+10.16 70.00+£11.98 61.79+9.29 3.632 <0.001
Intraoperative blood loss, ml 134.13+64.88 172.45+65.70 | 127.11+62.48 3.105 0.002
Antimicrobials time, days 5.30+1.31 5.64+1.22 5.23+1.32 1.331 0.185
Drainage tube staying time, days 2.04+0.50 2.09+0.53 2.03+0.49 0.570 0.569
Postoperative blood transfusion, n (%) 1.423 0.233
Yes 18(12.70%) 5(22.70%) 13(10.80%)
No 124(87.30%) 17(77.30%) 107(89.20%)
Postoperative albumin transfusion, g 16.76+13.59 18.64+12.07 16.42+13.87 0.703 0.483
Postoperative albumin, g/L 33.59+4.14 31.65+3.29 33.94+4.19 -2.427 0.016
Postoperative hemoglobin, g/L 102.15+13.68 95.86+12.29 103.31+£13.66 | -2.385 0.018

Table 1. General demographic data of the subjects and univariate analysis of factors influencing poor
postoperative incision healing.
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Logistic regression analyses of postoperative hypoalbuminemia, albumin supplementation
and poor incision healing

After controlling for the confounders, the results of the multivariate logistic regression indicated that there was no
correlation between the postoperative albumin level and the occurrence of poor incisional healing (OR=1.120,
95% CI: 0.952 ~ 1.318, P=0.172). The results of the univariate logistic regression indicated that there was no
correlation between the albumin supplementation and the occurrence of poor incisional healing (OR=1.387,
95% CI: 0.460 ~4.177, P=0.561) (Table 2).

Discussion

KOA is a common and frequently occurring disease in Orthopaedics, which is prevalent in the elderly over
60 years of age. The end stage often leads to obvious deformity and dysfunction of the knee joint, which seriously
affects the quality of life of the patients'>'2. TKA is the most used surgical treatment for severe osteoarthritis in
the clinic. It can significantly reduce the pain of patients with the end stage, recover or improve the function of
the joints, drastically lower the disability rate, and enhance quality of life—advantages that are unmatched by
other treatment options'?.

Unplanned readmissions after TKA predominantly stem from challenges in incision healing'®. A successful
postoperative rehabilitation is imperative for patients undergoing TKA, as it directly correlates with optimal
incision healing. Inadequate healing of the incision significantly impedes a patient’s postoperative recovery,
predisposing them to periprosthetic infections'®, prolonging hospitalization, and potentially necessitating fur-
ther debridement'®. These complications compound the financial burden and suffering experienced by patients.
Given the reduced soft tissue surrounding the incision, heightened local tension, and increased joint activity
and mobility, precise attention to the incision site in TKA is paramount. The unique anatomical and kinematic
characteristics of this region render surgical incisions particularly vulnerable to suboptimal healing. The prob-
ability of perioperative complications may increase when underlying internal medical conditions, such as diabetes
and hypertension, are not optimally managed!”. Our study did not find any statistically significant differences
between the two groups of patients. This observation suggests that most patients in our study cohort had well-
controlled internal disorders and were receiving regular and effective therapeutic interventions. Previous research
has consistently demonstrated a compelling correlation between malnutrition and the incidence of post-surgical
complications'®. Notably, the elderly demographic exhibits heightened vulnerability to malnutrition owing to
age-related physiological decline. Serum albumin emerges as a pivotal biomarker for assessing the nutritional
status of patients undergoing surgical interventions. Within the realm of Orthopaedics surgery, investigations
have unveiled a noteworthy correlation between preoperative hypoproteinemia and suboptimal wound healing
outcomes®!?. However, in our current inquiry, discernible differences in preoperative albumin levels between
comparative cohorts were not statistically significant. Consequently, to elucidate the potential association between
preoperative hypoalbuminemia and compromised wound healing, we are poised to augment our sample size to
facilitate a more comprehensive investigation.

In the community of postoperative surgical patients, postoperative hypoalbuminemia is also prevalent; prior
studies have estimated a frequency of 70-80%2°. The total knee replacement procedure is quite invasive, has a
high intraoperative and postoperative blood loss rate, and results in a substantial loss of plasma albumin and
other nutrients. In a similar vein, we discovered that the group with poorly healing incisions had higher operating
times and intraoperative blood losses than the typically healing group but had lower postoperative hemoglobin
and albumin levels. Due to the body’s stressed hypermetabolic state in the early postoperative phase, proteolytic
metabolism speeds up and anabolic metabolism slows down, creating a persistently negative nitrogen balance;
Moreover, aged patients have a markedly impaired ability to compensate for surgical stress, making them more
vulnerable to hypoalbuminemia throughout the recovery phase. Hypoalbuminemia has the potential to impede
fibroblast proliferation, which in turn can lower collagen synthesis and hinder the healing of incisions*.. Addi-
tionally, a decrease in plasma hypoalbuminemia may result in a decrease in plasma colloid osmolality, which
could cause swelling in the surrounding tissues and raise the risk of incisional infection®. Finally, hypoalbu-
minemia may cause immunosuppression, which could lead to a decline in the body’s immunity?. Poor healing
of the incision following surgery is theoretically associated with postoperative hypoalbuminemia. Postoperative
hypoalbuminemia, however, is simply a transient condition brought on by things like heightened capillary per-
meability and hemodilution from excessive fluid rehydration during the recovery phase; most patients’ indices
will recover more significantly in around a week. Research by Kompan et al. on 76 patients who had undergone
surgery for abdominal malignancies revealed no correlation between postoperative serum albumin concentra-
tions and postoperative complications?®. Our research found that there is no correlation between postoperative
hypoalbuminemia and the risk of problems from inadequate incision healing.

Variables B SE ‘Wald OR 95%CI P value
Postoperative hypoalbuminemia* 0.081 0.077 1.110 1.084 0.933-1.260 0.292
Albumin supplementation 0.327 0.563 0.337 1.387 0.460-4.177 0.561

Table 2. Logistic regression analyses of postoperative hypoalbuminemia, albumin supplementation and
poor incision healing. *Adjustment variables (age, diabetes mellitus, operation time, time of tourniquet use,
intraoperative blood loss, postoperative albumin, and postoperative hemoglobin).
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Due to its lengthy metabolic cycle (half-life of 15-19 days), albumin is primarily used to assess preoperative
nutritional status and chronic malnutrition. However, because it cannot accurately reflect the body’s nitrogen
balance status following surgery, it is unclear if albumin level can be used as a trustworthy indicator for assessing
postoperative nutritional status. Because albumin and transferrin have very short half-lives—1.9 days on aver-
age and 8.8 days on average—they are better indicators of patients’ short-term nutritional condition following
surgery. We are interested in investigating whether albumin and transferrin levels can be used as an indicator for
predicting postoperative incision infections in the next stage of our investigation, as there have been less studies
that have utilized them to predict postoperative Orthopaedics incision problems.

HSA is a blood product commonly used in clinical treatment and is more commonly used in medical insti-
tutions because of its wide range of indications. Surgery and trauma patients are commonly malnourished,
and such patients are often accompanied by varying degrees of hypoalbuminemia, it is usually accepted that
intravenous infusion of HSA can replenish nutrients and improve the body’s immunity or resistance. Most
surgeons thought that albumin infusion could reduce incision edema and thus promote incision healing, so
albumin infusion was very common in the clinic. However, more and more studies have shown that albumin
infusion does not improve incision complications**?°. The same result was obtained in our study. The reasons
for this are considered as follows: (1) albumin contains an unbalanced variety of amino acids and lacks certain
essential amino acids, so its nutritional value is not high?; (2) exogenous albumin leaks out of the body into the
extravascular area after entering the human body, which not only fails to replenish the albumin in the blood but
also results in tissue edema, which may affect the healing of the tissues”’; and (3) the long-term application of
exogenous HSA may make the body develop a certain degree of dependence, negative feedback inhibits the liver
to carry out endogenous albumin synthesis, which makes the self-regulation function decline and the recovery
time become longer, thus prolonging the hospitalization time. In addition, the American Clinical Guidelines for
the Application of Albumin point out that HSA is only used for critically ill patients with extremely low serum
albumin levels (<20 g/L). China’s blood supply has always been in a "tight" status, so HSA is in short supply to
varying degrees throughout the country, with a high price, and from an economic perspective, it is not recom-
mended for routine use in postoperative hypoalbuminemia patients.

The clinical misapplication of HSA, characterized by deviations from drug indications, oversight of contrain-
dications, neglect of appropriate compounding procedures, and other irrational practices, warrants considerable
attention. International studies have highlighted that the rate of clinical inappropriateness regarding albumin
administration, either in the absence of clear indications or in deviation from established guidelines, ranges from
40 to 90%, indicating a substantial global concern. Regrettably, the situation in China mirrors this trend with
a lack of optimism. Of particular concern is the prevalent irrational utilization of HSA among special patient
populations, notably the elderly and critically ill individuals. Addressing this issue necessitates proactive inter-
vention by pharmacists within medical institutions’ drug management departments through the implementation
of rigorous doctor’s order audits and prescription reviews. Furthermore, this study aims to provide insights into
the current practices surrounding HSA administration within our hospital, facilitating the development of a
systematic approach for evaluating and analyzing its rational utilization across hospital settings.

Our study also has the following shortcomings: 1. Our research is a retrospective case—control study, bias is
inevitable, and we will conduct a prospective study on top of the current foundation; 2. Factors affecting incision
healing are complex, and even though our study covers most of the factors that are of interest in clinical and
related research, it is unavoidable that we could not take all of them into account, and we will collect further and
more comprehensive data in the following stages; 3. Although our results are in agreement with the most of the
studies, the sample size of this study is small, and it is still necessary to further validate this conclusion through
multicenter and large-sample surveys.

Conclusions

In conclusion, poor incision healing following TKA for osteoarthritis is not increased by postoperative hypoal-
buminemia, and neither is it improved by postoperative HSA supplementation. Clinicians ought to endeavor to
increase knowledge regarding postoperative hypoalbuminemia, and the routine use of HSA to rectify postop-
erative hypoalbuminemia following TKA is not recommended. It still needs to be investigated, though, whether
varying levels of hypoalbuminemia raise the risk of inadequate incision healing and whether enteral nourishment
can help with incision healing.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.
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