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Abstract
Abstract Background: Although serum albumin levels are increasingly used as an indicator of nutritional
status in the clinic, the relationship between perioperative hypoalbuminemia and wound complications
after posterior lumbar interbody fusion in the treatment of lumbar degenerative disease remains
ambiguous. The aim of this study was to evaluate perioperative serum albumin in relation to
postoperative wound complications after posterior lumbar interbody fusion in the treatment of single-
segment lumbar degenerative disease. Methods: We reviewed patients who underwent single-segment
posterior lumbar interbody fusion surgery from December 2014 to April 2017 in the Department of
Orthopedics at the First A�liated Hospital of Chongqing Medical University. Perioperative (preoperative
and early postoperative) serum albumin levels were assessed in all patients and were used to quantify
nutritional status. We divided the patients into a surgical wound dehiscence ( SWD ) group and a normal
wound healing group, and into an surgical site infection(SSI)group and a non-SSI group. To evaluate the
relationship between perioperative serum albumin level and postoperative wound complications, we
conducted univariate and multiple logistic regression analyses. Results: A total of 554 patients were
enrolled in the study.The univariate and multiple logistic regression analysis of these differences showed
that preoperative serum albumin <3.5 g/dl and postoperative serum albumin:<3.0 g/dl were signi�cantly
related to SWD (P<0.05). There were also signi�cant differences between the surgical site infection (SSI)
groups in terms of preoperative serum albumin <3.5 g/dl(P=0.001), postoperative serum albumin <3.5
g/dl (P<0.023) and <3.0 g/dl(P<0.001).Additionally, the increased hospitalization costs and length of
hospitalization were statistically signi�cant for patients with perioperative hypoproteinemia. Conclusions:
For patients who underwent single-segment posterior lumbar interbody fusion surgery, we need to pay
more attention to steroid use,perioperative hypoalbuminemia, which are more likely to be associated with
increased wound complications, hospitalization costs and length of hospitalization after surgery. 
Adequate assessment and management of these risk factors will help reduce wound complications and
hospital stays for surgical patients and will save medical costs. Keywords:
hypoalbuminemia,malnutrition,risk factors,single-segment lumbar fusion,postoperative incision
complications,retrospective studies.

Background
Nutritional status is a key factor in patient prognosis in various medical contexts[1–4]. An estimated 4.3%
of community-dwelling adults suffer from malnutrition, and the prevalence of malnutrition among
medical inpatients ranges from 20–45%[5–11].Malnutrition can be identi�ed in various ways, including
serological marker evaluation, anthropometric measurements, and nutrition scoring tools. Among the
numerous methods to de�ne malnutrition, the one most frequently used is the serum albumin level.
Albumin less than 3.5 g/dL is recognized as hypoalbuminemia (malnourished)[12–14].

The perioperative malnutrition of surgical patients is related to various postoperative adverse outcomes,
including infection, acute kidney injury (AKI) and mortality. Wound complications are the most common
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problems for surgeons, and understanding the impact of perioperative malnutrition on postoperative
wound complications and outcomes is of great signi�cance.

Lumbar fusion is one of the most common spinal procedures. Although this is a relatively safe operation
with a high success rate, there is still a risk of postoperative complications and a need for revision
surgery. The common wound complications are wound infection, wound dehiscence, wound hematoma
and wound hernia. The incidence of complications after spinal fusion ranges from 1–20%[15–16].Wound
complications increase patient suffering, hospital length of stay, readmission rate, medical expenses, and
mortality and places a heavy burden on patients' families and social health systems. Although progress
has been made in the effective prevention of infection through antimicrobials, strengthening wound area
management, strengthening operating room and instrument disinfection control, strict suturing during
surgery, postoperative drainage and other methods reduce the possibility of complications, though it is
still di�cult to avoid wound complications in some spinal patients after surgery.

In recent years, with the gradual increase in patients with lumbar degenerative diseases, we found that
perioperative malnutrition also increased year by year. Perioperative malnutrition may be linked to age,
poor eating, pain, long-term bed rest and other factors. Obese patients who are overweight may still be
malnourished[17–19].Despite the growing body of literature on the effects of hypoalbuminemia on
postoperative outcomes in other surgical �elds, few studies to date have investigated the relationship
between perioperative hypoalbuminemia and postoperative wound complications in patients following
degenerative lumbar spine surgery. The authors analyzed 554 patients from the First A�liated Hospital of
Chongqing Medical University who underwent posterior lumbar interbody fusion to explore whether the
perioperative albumin level can be used as an indicator to evaluate postoperative wound complications.

Methods
We retrospectively reviewed data that were collected for 787 consecutive patients with lumbar
degenerative disease who underwent posterior lumbar interbody fusion (PLIF) between December 2014
and April 2017. The study protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki and the Ethics Committee of the First A�liated Hospital of Chongqing Medical University,
Chongqing, China, and all patients provided informed consent concerning the use of their medical
records.

The inclusion criteria for the patients were: 1) patients age 18 or above; 2) patients in good condition who
can tolerate surgery; 3) only patients with a diagnosis of primary single-segment lumbar degenerative
disease, lumbar disc herniation, lumbar spinal stenosis, or spondylolisthesis; 4) patients undergoing
posterior lumbar interbody fusion (PLIF) surgery; and 5) patients with complete follow-up data.

The exclusion criteria for the patients were the following: 1) patients with multisegment lumbar
degenerative disease, 2) patients with previous lumbar surgery, and 3) patients with incomplete
laboratory data.
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According to the above screening criteria, 554 patients were included in this study. There were 314
females and 240 males. The mean age of the patients was 58.5 years (range, 22–85), and at least 1 year
of follow-up data were available for all patients. All operations were performed in standard vertical
stratospheric operating rooms. We performed antibiotic prophylaxis 24 hours before and after the
operation, and all patients were encouraged to wear braces after surgery. All operations were performed
by the members of the same medical team (from the authors).

The preoperative baseline variables included albumin level, age, body mass index (BMI), sex, diabetes,
tobacco use, and steroid use. Considering that early bed rest in patients with lumbar spondylolisthesis
may lead to postoperative wound complications, we also included the preoperative diagnosis in the
evaluation index.

We assessed two wound-related complications: poor wound healing and SSI. Poor wound healing refers
to delayed healing of the wound due to in�ammatory reactions at the healing site, such as redness,
induration, hematoma and effusion, including patients with positive or negative drainage culture. Sixty-
nine patients (12.5%) in our study were included in this group.

A surgical site infection (SSI) is an infection of the tissues, organs, or spaces exposed by surgeons during
the performance of an invasive procedure. Patients with clear histological culture results were included in
the SSI (n = 19; 3.4%) group in our study. During the hospital stay and follow-up, the surgeons remained
vigilant for any signs of wound complications (drainage, atherosclerosis, skin necrosis, and
dehiscence)in these patients. A surgical site infection occurring within 1 year after surgery was
considered an infectious complication.

We attempted to explore the relationship between perioperative serum albumin levels and postoperative
wound complications, so we included preoperative serum albumin and postoperative short-term albumin
levels obtained within 7 days or surgery. Operative variables included operative time and intraoperative
blood loss. Postoperative variables included postoperative drainage amount, length of hospital stay and
hospitalization costs. Albumin less than 3.5 g/dL was recognized as hypoalbuminemia (malnourished);
albumin less than 3.0 g/dL was recognized as malnourished to a level that required intravenous albumin
supplementation[9–11].

Statistical Analysis
Statistical analyses were performed using SPSS 24.0 for Windows. Data are shown as the mean ± 
standard deviation (SD) and median (interquartile range, IQR). Logistic regression analysis was
conducted to analyze the risk factors for poor wound healing and SSI. Univariate logistic regression
found factors with p < 0.05 that were added to multivariate logistic regression analysis. Odds ratios (ORs)
and 95% con�dence intervals (CIs) were determined when statistically signi�cant differences (p < 0.05)
were found. All p-values were two-sided.
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Results
A total of 554 patients were included in this study. There were 237 men and 317 women (women
outnumbered men in this study population), and the mean age was 56.9 years. The incidence of poor
wound healing after lumbar spine fusion was 12.45% (69/554), and the incidence of SSI was 3.43%
(19/554), which is consistent with other related reports. Microorganisms were isolated from all 19
patients with SSI by open debridement, ultrasound-guided biopsy, super�cial exudate, and drainage
culture (Table 1.2). There were 13 (2.4%) patients with malnutrition before surgery (preoperative albumin 
< 3.5 g/dL), 314 (56.4%) patients with albumin < 3.5 g/dL within 7 days after surgery, and 114 (20.6%)
patients with albumin < 3.0 g/dL within 7 days after surgery.

Table 1.2 summarizes the univariate analysis results for age, body mass index (BMI), sex, preoperative
diagnosis of diabetes, smoking, chronic steroid use, preoperative serum albumin, diagnosis, operation
time, bleeding volume, postoperative serum albumin, and postoperative drainage. As shown in Table 1,
steroid use (P < 0.001), preoperative albumin level < 3.5 g/dl (P = 0.001), postoperative albumin level < 
3.5 g/dl (P = 0.023), postoperative albumin level < 3.0 g/dl (P = 0.001) were signi�cantly correlated with
the incidence of poor wound healing (P < 0.05). Although p value of postoperative drainage (P = 0.003)
was less than 0.05, OR value was close to 1 in�nitely, so there was no statistical signi�cance.

Table 2 shows that age (P = 0.010), steroid use (P = 0.003), preoperative albumin level < 3.5 g/dl (P = 
0.001), a spondylolisthesis diagnosis (P = 0.001), postoperative albumin level < 3.5 g/dl (P < 
0.001),postoperative albumin level < 3.0 g/dl (P < 0.001), length of stay (P < 0.001), and hospitalization
expenses (P < 0.001) were signi�cantly correlated with the incidence of SSI (P < 0.05).

The results above were included in the multivariate logistic regression, and there were statistically
signi�cant �ndings for preoperative hypoalbuminemia (p = 0.024, OR = 4.16 95% CI 1.203–14.44) and
postoperative hypoalbuminemia (p < 0.001 OR = 5.22 95% CI 2.84–9.58) (Table 3, Fig. 1) indicating that
both were risk factors for poor wound healing. Multivariate logistic regression also found that
preoperative hypoproteinemia (p = 0.040 OR = 5.69 95% CI 1.08–29.88) and steroid use (p < 0.001 OR = 
20.20 95% CI 4.43–92.16)were statistically signi�cant (Table 4, Fig. 2) risk factors for SSI.

The average hospital stay length was 11 (9–14) days overall; it was 17 (13-22.5) days in the poor wound
healing group, and 11 (9–13) days in the normal wound healing group. The difference between the two
groups was statistically signi�cant (P < 0.001). The hospital length of stay in the SSI group was 22 (14–
32) days, and in the non-SSI group, was 11 (9–14) days; the difference between the two groups was
statistically signi�cant (P < 0.001);The average patient expenditure during hospitalization was 25.6 (± 8.7)
thousand RMB overall; it was 35.0 (± 17.5) thousand RMB in the poor wound healing group, and it was
24.2 (± 5.5) thousand RMB in the normal wound healing group (P�0.001); the average patient expenditure
during hospitalization in the SSI group was 43.9 (± 21.3) thousand RMB, and in the non-SSI group, it was
24.9 (± 7.2) thousand RMB (P < 0.001).



Page 6/16

Table 1
Patients’ demographic characteristics

Variable Total(N = 
554)

Poor wound
healing (n = 69)

Normal wound
healing (n = 485)

P
value

Preoperative baseline variables

Age at surgery, mean (SD) 56.9(13.4) 60.8(14.2) 56.4(13.2) 0.950

BMI, mean (SD) 24.1(3.1) 24.2(3.8) 24.1(3.0) 0.731

Male 237(43) 30(43.5) 207(42.7) 0.076

Diabetes 60(10.8) 9(13.0) 51(10.5) 0.965

Smoker 144(26.0) 22(31.9) 120(25.2) 0.573

Steroid use 11(1.99) 5(7.25) 6(1.24) < 
0.001

Albumin level < 3.5 g/dl 13(2.35) 6(8.70) 7(1.44) 0.001

Diagnose

Herniation 270(48.7) 33(47.8) 237(48.9) -

Stenosis 86(15.5) 12(17.4) 74(15.3) 0.053

Spondylolisthesis 198(35.7) 24(34.8) 174(35.8) 0.397

Operative variables

Operative time, mean (SD),
min

160.8(43.9) 154.4(48.5) 161.8(43.2) 0.593

Bleeding volume, mean
(SD) mL

318.5(90.8) 284.1(30.4) 311.4(89.6) 0.662

Postoperative variables

Albumin level < 3.5 g/dl 314(56.7) 56(81.2) 258(53.2) 0.023

Albumin level < 3.0 g/dl 110(19.9) 36(52.2) 74(15.3) 0.001

Postoperative drainage
median,ml, (IQR)

223.5(151.0-
309.0)

205.0(120.0-300.0) 231.0(154.5-310.5) 0.003

Length of stay, day, median
(SD)

11.0(9.0–
14.0)

17.0(13.0-22.5) 11.0(9.0–13.0) < 
0.001

Hospitalization expenses
mean (SD)

25.6(8.7) 35.0(17.5) 24.2(5.5) < 
0.001

*Statistically signi�cant (P < 0.05).
BMI indicates body mass index; SD, standard deviation.
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Table 2
Patients’ demographic characteristics

Variable Total(N = 554) SSI (n = 19) No-SSI (n = 
535)

P
value

Preoperative baseline variables

Age at surgery, mean (SD) 56.9(13.4) 56.7(16.0) 56.9(13.3) 0.010

BMI, mean (SD) 24.1(3.1) 23.9(3.9) 24.1(3.1) 0.750

Male 237(43) 12(63.2) 225(42.1) 0.900

Diabetes 60(10.8) 2(10.5) 58(10.8) 0.300

Smoker 144(26.0) 6(31.6) 138(25.8) 0.235

Steroid use 11(1.99) 5(26.3) 6(1.1) 0.003

Albumin level < 3.5 g/dl 13(2.35) 3(15.8) 10(1.9) 0.001

Diagnose

Herniation 270(48.7) 6(31.6) 264(49.3) -

Stenosis 86(15.5) 6(31.6) 80(15.0) 0.180

Spondylolisthesis 198(35.7) 7(36.8) 191(35.7) 0.001

Operative variables

Operative time, mean (SD), min 160.8(43.9) 155.5(48.2) 161.0(43.8) 0.178

Bleeding volume, mean (SD) mL 318.5(90.8) 321.1(105.7) 311.9(89.2) 0.537

Postoperative variables

Albumin level < 3.5 g/dl 314(56.7) 16(84.2) 298 (55.7) < 
0.001

Albumin level < 3.0 g/dl 110(19.9) 10(52.6) 100(18.7) < 
0.001

Postoperative drainage median,ml,
(IQR)

223.5(151.0-
309.0)

148(93.0-
188.0)

231(154.0-
312.0)

0.116

Length of stay, day, median (SD) 11.0(9.0–14.0) 22.0(14.0–
32.0)

11.0(9.0–14.0) < 
0.001

Hospitalization expenses mean
(SD)

25.6(8.7) 43.9(21.3) 24.9(7.2) < 
0.001

*Statistically signi�cant (P < 0.05).
BMI indicates body mass index; SD, standard deviation.
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Table 3
Multivariate logistic regression analysis(PWH)

Variable B SD OR 95% CI P value

Albumin level < 3.5 g/dl(pre) 1.427 0.634 4.168 1.203–14.442 0.024

Albumin level < 3.5 g/dl(post) 0.540 0.364 1.716 0.841–3.503 0.138

Albumin level < 3.0 g/dl(post) 1.652 0.310 5.219 2.843–9.580 < 0.001

Age 0.016 0.011 1.017 0.995–1.039 0.133

Steroid use 1.378 0.722 3.967 0.965–16.317 0.056

Table 4
Multivariate logistic regression analysis(SSI)

Variable B SD OR 95% CI P value

Albumin level < 3.5 g/dl(pre) 1.738 0.846 5.687 1.082–29.880 0.040

Albumin level < 3.5 g/dl(post) 0.886 0.717 2.425 0.595–9.889 0.217

Albumin level < 3.0 g/dl(post) 0.695 0.576 2.003 0.647–6.196 0.228

Drainage -0.008 0.003 0.993 0.986–0.999 0.023

Steroid use 3.006 0.774 20.203 4.429–92.155 < 0.001

Discussion
Understanding perioperative malnutrition is important for postoperative complications and outcomes. In
fact, postoperative complications of the lumbar spine can lead to devastating sequelae. Although there
may be a direct link between perioperative malnutrition and postoperative wound complications, there is
no consensus[20–25].Serum albumin is one of the biochemical indicators of total protein depletion in
patients. Our study further con�rmed that preoperative hypoproteinemia and postoperative
hypoproteinemia are important risk factors for wound complications following single-segment PLIF
surgery.

Based on previous reports of wound complications of posterior lumbar surgery, we performed a
univariate logistic analysis to investigate the impact of related risk factors. With the subsequent
multivariate logistic analysis, we were able to identify 2 independent factors of poor wound healing
(preoperative serum albumin < 3.5 g/dl, postoperative serum albumin < 3.0 g/dl) and 2 independent
factors of SSI (preoperative serum albumin < 3.5 g/dl, steroid use).

Previous studies have reported that various markers of preoperative malnutrition are associated with
surgical site infection following various types of surgery[26].Cross MB et al pointed out that super�cial
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and deep SSI after orthopedic spinal surgery was associated with several markers of malnutrition, such
as serological laboratory values, DM, hyperglycemia and obesity[27].Bohl DD et al investigated the
relationship between preoperative hypoalbuminemia (a sign of malnutrition) and complications within 30
days after total joint replacement. Compared with patients with normal albumin concentrations, patients
with hypoalbuminemia had a higher risk of surgical site infection, pneumonia, prolonged hospital stay,
and readmission[28].Similarly, they retrospectively reviewed data prospectively collected by the American
College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) to investigate the
relationship between preoperative hypoproteinemia (a sign of malnutrition) and complications after 30
days of posterior lumbar fusion. They pointed out that malnutrition was an independent risk factor for
infection and wound complications after posterior lumbar fusion, and it was also associated with
increased length of stay and readmission[29].

Our data showed that preoperative low serum albumin (< 3.5 g/dL) was signi�cantly associated with an
increased risk of poor postoperative wound healing (P = 0.024) and SSI (P = 0.040). We combined the
results of these data with previous literature and concluded that, although serum albumin concentration
is used to measure nutritional status, hypoalbuminemia may be more closely related to pathological
in�ammatory status.

In addition, early postoperative hypoproteinemia has also been reported as a risk factor for serious
postoperative complications[30–33].Lee JI et al investigated 337 patients with major oropharyngeal
squamous cell carcinoma (OSCC) who underwent clean and contaminated surgery and monitored serum
albumin, glucose, and hemoglobin levels during the perioperative period. The results showed that early
postoperative hypoproteinemia < 2.5 g/dl was an independent risk factor for SSI in patients who
underwent oral cancer surgery[34].Bohl DD et al. also reported that malnutrition increased the risk of
periprosthetic joint infection (PJI) following total joint arthroplasty (TJA)[35].

We also found that low postoperative serum albumin (< 3.0 g/dL) was signi�cantly associated with an
increased risk of poor postoperative wound healing (P < 0.001). However, low postoperative albumin is
affected by many factors. Ge X et al noted that the stress response, perioperative �uid overload,
hemodilution, albumin redistribution, a breakdown of metabolism and other comprehensive factors cause
postoperative albumin decline[36].Despite this, we still need to be wary of hypoalbuminemia with
albumin levels < 3.0 g/dl after surgery.

Chronic steroid users (steroid usage for more than 10 days preoperatively) have reportedly increased their
risk of infection by two- to three-fold after surgery. Singla A et al reported chronic steroid usage to be a
signi�cant risk factor for SSI in their database analysis of 360,005 patients over 65 years of
age[37].Similarly, chronic steroid usage was reported to be associated with a higher risk of SSI (OR 20.20,
95% CI 4.43–92.16, P < 0.001).

In our univariate logistic analysis, we found that poor drainage after surgery can lead to poor wound
healing (P = 0.003). This may be related to the poor placement of the drainage tube and blockage of the
drainage tube. Irregular drainage after surgery is prone to deep congestion and hematoma, poor wound
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healing and increased risk of infection.However, the OR value is in�nitely close to 1,which may be related
to the small sample size of SSI group,expanding the sample size is helpful for further research.We also
analyzed the increased risk of SSI in those diagnosed with lumbar spondylolisthesis (P = 0.001), which
might be related to short-term bed rest after surgery. The elderly patients also needed to be alert to SSI
after the operation (P = 0.010). However, this should be further evaluated in future prospective
experiments with increased sample sizes.

When malnutrition is detected, timely nutritional supplementation is bene�cial to patients' postoperative
recovery. Oral nutritional supplements have been shown to be effective in improving nutrient intake, and
they can also be given intravenously. Avenell A et al proved that oral non-protein energy, protein, vitamin
and mineral supplements can prevent complications after hip fracture in the elderly[38].

The strengths of this study include the use of the same surgical procedure (PLIF) for lumbar fusion and
internal �xation. Only single-segment fusion patients were included to reduce the impact of surgical
procedures on the results of the study. In future research, it will be important to further explore, elucidate,
and establish potential links between malnutrition and adverse incision outcomes after spinal fusion
surgery.

The study was limited by the inherent problems of retrospective studies. First, as a retrospective, single
institution study, all data on patient characteristics, laboratory test results, medical interventions directly
related to abnormal laboratory values, and patient clinical symptoms were dependent on the inherent
limitations of the �les in the electronic medical record system. Second, the sample size of patients with
preoperative hypoalbuminemia (13 cases) was relatively small, and a larger sample size may have been
helpful for the statistical analysis. Although the serum albumin value is a valuable tool for assessing
nutritional status, it is affected by many perioperative factors, so it cannot be a comprehensive
assessment of the nutritional status of patients.

Conclusions
The current study showed that lower preoperative (< 3.5 g/dl) and postoperative (< 3.0 g/dl) serum
albumin values were associated with poor wound healing, and lower preoperative (< 3.5 g/dl) serum
albumin levels and chronic steroid use were associated with SSI after posterior lumbar interbody fusion
in the treatment of single-segment lumbar degenerative disease. More attention should be paid to the
nutritional status of patients to ensure they are supplemented in a timely manner and to reduce
hospitalization time and costs.

Abbreviations
SSI:Surgical Site Infection;SWD:surgical wound dehiscence;AKI: Acute kidney injury;PLIF:Posterior lumbar
interbody fusion;BMI:body mass index; ACS-NSQIP: American College of Surgeons National Surgical
Quality Improvement Program; SD:standard deviation;IQR:Postoperative drainage



Page 11/16

median;OSCC:oropharyngeal squamous cell carcinoma;PJI:periprosthetic joint infection;TJA:following
total joint arthroplasty;

Declarations
Acknowledgements

Not applicable.

Authors’ contributions

ZYH and BS contributed to the study design of this retrospective study.ZXQ, KT, BS,WYZ and ZYH
performed the surgery.KZ and ZYH collected the data.KZ and ZYH analyzed the data. ZYH wrote the
manuscript. All authors read and approved the �nal manuscript.

Funding: There is no funding source.

Availability of data and materials

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

Ethics approval and consent to participate

This study is a retrospective clinical study and has been approved by The First Hospital of Chongqing
Medical University Ethics Committee.All patients had signed the consent form.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Author details

1 Department of Orthopedics,The First A�liated Hospital,Sun Yat-sen University,Yuexiu District,
Guangzhou,510080 China

2 Department of Orthopedics,The Seventh A�liated Hospital,Sun Yat-sen University, Guangming District,
Shenzhen,518000 China

3 Department of Orthopedics,the First A�liated Hospital of Chongqing Medical University,Yuanjiagang,
Yuzhong District, Chongqing, China



Page 12/16

Zhongyuan He and Kai Zhou are co-�rst authors.

References
1. Li C, Xu L, Guan C, et al. Malnutrition screening and acute kidney injury in hospitalised patients: a

retrospective study over a 5-year period from China. Br J Nutr. 2020;123(3):337–346.
doi:10.1017/S000711451900271X

2. Terp R, Jacobsen KO, Kannegaard P, Larsen AM, Madsen OR, Noiesen E. A nutritional intervention
program improves the nutritional status of geriatric patients at nutritional risk-a randomized
controlled trial.Clin Rehabil.2018;32(7):930–941. doi:10.1177/0269215518765912

3. Puvanesarajah V, Jain A, Kebaish K, et al. Poor Nutrition Status and Lumbar Spine Fusion Surgery in
the Elderly: Readmissions, Complications, and Mortality. Spine (Phila Pa 1976). 2017;42(13):979–
983. doi:10.1097/BRS.0000000000001969

4. Watanabe T, Kanayama M, Takahata M, et al. Perioperative complications of spine surgery in
patients 80 years of age or older: a multicenter prospective cohort study [published online ahead of
print, 2019 Dec 17]. J Neurosurg Spine. 2019;1–9. doi:10.3171/2019.9.SPINE19754

5. de la Cruz KI, Bakaeen FG, Wang XL, et al. Hypoalbuminemia and long-term survival after coronary
artery bypass: a propensity score analysis. Ann Thorac Surg.2011;91(3):671–675.
doi:10.1016/j.athoracsur.2010.09.004.

�. Watanabe M, Sakai D, Matsuyama D, Yamamoto Y, Sato M, Mochida J. Risk factors for surgical site
infection following spine surgery: e�cacy of intraoperative saline irrigation. J Neurosurg Spine.
2010;12(5):540–546. doi:10.3171/2009.11.SPINE09308.

7. Lourenço P, Silva S, Friões F, et al. Low prealbumin is strongly associated with adverse outcome in
heart failure. Heart. 2014;100(22):1780–1785. doi:10.1136/heartjnl-2014-305747.

�. Robinson R. Low serum albumin and total lymphocyte count as predictors of 30 day hospital
readmission in patients 65 years of age or older. PeerJ. 2015;3:e1181. Published 2015 Aug 13.
doi:10.7717/peerj.1181.

9. Barker LA, Gout BS, Crowe TC. Hospital malnutrition: prevalence, identi�cation and impact on
patients and the healthcare system. Int J Environ Res Public Health. 2011;8(2):514–527.
doi:10.3390/ijerph8020514.

10. Kaiser MJ, Bauer JM, Rämsch C, et al. Frequency of malnutrition in older adults: a multinational
perspective using the mini nutritional assessment. J Am Geriatr Soc. 2010;58(9):1734–1738.
doi:10.1111/j.1532-5415.2010.03016.x.

11. Adogwa O, Martin JR, Huang K, et al. Preoperative serum albumin level as a predictor of
postoperative complication after spine fusion. Spine (Phila Pa 1976). 2014;39(18):1513–1519.
doi:10.1097/BRS.0000000000000450.

12. Jaberi FM, Parvizi J, Haytmanek CT, Joshi A, Purtill J. Procrastination of wound drainage and
malnutrition affect the outcome of joint arthroplasty. Clin Orthop Relat Res. 2008;466(6):1368–1371.



Page 13/16

doi:10.1007/s11999-008-0214-7.

13. Guo JJ, Yang H, Qian H, Huang L, Guo Z, Tang T. The effects of different nutritional measurements
on delayed wound healing after hip fracture in the elderly. J Surg Res. 2010;159(1):503–508.
doi:10.1016/j.jss.2008.09.018.

14. Zorrilla P, Gómez LA, Salido JA, Silva A, López-Alonso A. Low serum zinc level as a predictive factor
of delayed wound healing in total hip replacement. Wound Repair Regen. 2006;14(2):119–122.
doi:10.1111/j.1743-6109.2006.00100.x.

15. Li Z, Liu P, Zhang C, et al. Incidence, Prevalence, and Analysis of Risk Factors for Surgical Site
Infection After Lumbar Fusion Surgery: ≥2-Year Follow-Up Retrospective Study. World Neurosurg.
2019;131:e460–e467. doi:10.1016/j.wneu.2019.07.207

1�. Blumberg TJ, Woelber E, Bellabarba C, Bransford R, Spina N. Predictors of increased cost and length
of stay in the treatment of postoperative spine surgical site infection. Spine J. 2018;18(2):300–306.
doi:10.1016/j.spinee.2017.07.173

17. Weimann A, Braga M, Carli F, et al. ESPEN guideline: Clinical nutrition in surgery. Clin Nutr.
2017;36(3):623–650. doi:10.1016/j.clnu.2017.02.013

1�. Schuster JM, Rechtine G, Norvell DC, Dettori JR. The in�uence of perioperative risk factors and
therapeutic interventions on infection rates after spine surgery: a systematic review. Spine (Phila Pa
1976). 2010;35(9 Suppl):S125–S137. doi:10.1097/BRS.0b013e3181d8342c

19. Gu A, Malahias MA, Strigelli V, Nocon AA, Sculco TP, Sculco PK. Preoperative Malnutrition Negatively
Correlates With Postoperative Wound Complications and Infection After Total Joint Arthroplasty: A
Systematic Review and Meta-Analysis. J Arthroplasty. 2019;34(5):1013–1024.
doi:10.1016/j.arth.2019.01.005

20. Sandy-Hodgetts K, Carville K, Leslie GD. Determining risk factors for surgical wound dehiscence: a
literature review. Int Wound J. 2015;12(3):265–275. doi:10.1111/iwj.12088

21. Berríos-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for Disease Control and Prevention
Guideline for the Prevention of Surgical Site Infection, 2017 [published correction appears in JAMA
Surg. 2017 Aug 1;152(8):803]. JAMA Surg. 2017;152(8):784–791. doi:10.1001/jamasurg.2017.0904

22. Adogwa O, Elsamadicy AA, Mehta AI, Cheng J, Bagley CA, Karikari IO. Preoperative Nutritional Status
is an Independent Predictor of 30-day Hospital Readmission After Elective Spine Surgery. Spine
(Phila Pa 1976). 2016;41(17):1400–1404. doi:10.1097/BRS.0000000000001551.

23. Kamath AF, Nelson CL, Elkassabany N, Guo Z, Liu J. Low Albumin Is a Risk Factor for Complications
after Revision Total Knee Arthroplasty. J Knee Surg. 2017;30(3):269–275. doi:10.1055/s-0036-
1584575

24. Kang SC, Kim HI, Kim MG. Low Serum Albumin Level, Male Sex, and Total Gastrectomy Are Risk
Factors of Severe Postoperative Complications in Elderly Gastric Cancer Patients. J Gastric Cancer.
2016;16(1):43–50. doi:10.5230/jgc.2016.16.1.43.

25. Bohl DD, Shen MR, Mayo BC, et al. Malnutrition Predicts Infectious and Wound Complications
Following Posterior Lumbar Spinal Fusion. Spine (Phila Pa 1976). 2016;41(21):1693–1699.



Page 14/16

doi:10.1097/BRS.0000000000001591.

2�. Trifunović B, Kršić J, Bezmarević M, et al. Relationship between of short-course preoperative
radiotherapy and serum albumin level and postoperative complications in rectal cancer surgery.
Vojnosanit Pregl. 2015;72(8):663–669. doi:10.2298/vsp140616057t.

27. Perry MC, Straker LM, Oddy WH, O'Sullivan PB, Smith AJ. Spinal pain and nutrition in adolescents--an
exploratory cross-sectional study. BMC Musculoskelet Disord. 2010;11:138. Published 2010 Jun 30.
doi:10.1186/1471-2474-11-138.

2�. Cabrerizo S, Cuadras D, Gomez-Busto F, Artaza-Artabe I, Marín-Ciancas F, Malafarina V. Serum
albumin and health in older people: Review and meta analysis. Maturitas. 2015;81(1):17–27.
doi:10.1016/j.maturitas.2015.02.009

29. Cross MB, Yi PH, Thomas CF, Garcia J, Della Valle CJ. Evaluation of malnutrition in orthopaedic
surgery. J Am Acad Orthop Surg. 2014;22(3):193–199. doi:10.5435/JAAOS-22-03-193

30. Bohl DD, Shen MR, Kayupov E, Della Valle CJ. Hypoalbuminemia Independently Predicts Surgical Site
Infection, Pneumonia, Length of Stay, and Readmission After Total Joint Arthroplasty. J Arthroplasty.
2016;31(1):15–21. doi:10.1016/j.arth.2015.08.028

31. Bohl DD, Shen MR, Mayo BC, et al. Malnutrition Predicts Infectious and Wound Complications
Following Posterior Lumbar Spinal Fusion. Spine (Phila Pa 1976). 2016;41(21):1693–1699.
doi:10.1097/BRS.0000000000001591

32. Liu ZJ, Ge XL, Ai SC, et al. Postoperative decrease of serum albumin predicts short-term
complications in patients undergoing gastric cancer resection. World J Gastroenterol.
2017;23(27):4978–4985. doi:10.3748/wjg.v23.i27.4978

33. Shin KH, Han SB. Early postoperative hypoalbuminemia is a risk factor for postoperative acute
kidney injury following hip fracture surgery.Injury.2018;49(8):1572–1576.
doi:10.1016/j.injury.2018.05.001

34. Shimura T, Toiyama Y, Hiro J, et al. Monitoring perioperative serum albumin can identify anastomotic
leakage in colorectal cancer patients with curative intent. Asian J Surg. 2018;41(1):30–38.
doi:10.1016/j.asjsur.2016.07.009

35. Sang BH, Bang JY, Song JG, Hwang GS. Hypoalbuminemia Within Two Postoperative Days Is an
Independent Risk Factor for Acute Kidney Injury Following Living Donor Liver Transplantation: A
Propensity Score Analysis of 998 Consecutive Patients. Crit Care Med. 2015;43(12):2552–2561.
doi:10.1097/CCM.0000000000001279

3�. Lee JI, Kwon M, Roh JL, et al.Postoperative hypoalbuminemia as a risk factor for surgical site
infection after oral cancer surgery. Oral Di 2015;21(2):178–184. doi:10.1111/odi.12232

37. Bohl DD, Shen MR, Kayupov E, Cvetanovich GL, Della Valle CJ. Is Hypoalbuminemia Associated With
Septic Failure and Acute Infection After Revision Total Joint Arthroplasty? A Study of 4517 Patients
From the National Surgical Quality Improvement Program. J Arthroplasty. 2016;31(5):963–967.
doi:10.1016/j.arth.2015.11.025



Page 15/16

3�. Ge X, Dai X, Ding C, et al. Early Postoperative Decrease of Serum Albumin Predicts Surgical Outcome
in Patients Undergoing Colorectal Resection. Dis Colon Rectum. 2017;60(3):326–334.
doi:10.1097/DCR.0000000000000750

39. Singla A, Qureshi R, Chen DQ, et al. Risk of Surgical Site Infection and Mortality Following Lumbar
Fusion Surgery in Patients With Chronic Steroid Usage and Chronic Methicillin-Resistant
Staphylococcus aureus Infection. Spine (Phila Pa 1976). 2019;44(7):E408–E413.
doi:10.1097/BRS.0000000000002864

40. Avenell A, Smith TO, Curtain JP, Mak JC, Myint PK. Nutritional supplementation for hip fracture
aftercare in older people. Cochrane Database Syst Rev. 2016;11(11):CD001880. Published 2016 Nov
30. doi:10.1002/14651858.CD001880.pub6

Figures

Figure 1

Preoperative hypoalbuminemia and postoperative hypoalbuminemia indicating that both were risk
factors for SWD
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Figure 2

Preoperative hypoproteinemiaand steroid use were statistically signi�cant risk factors for SSI.


