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Background. Many complications occur after surgery in patients with spinal tuberculosis (STB); however, the severity varies
in different patients. The complications’ severity is evaluated from grades I to V by the Clavien–Dindo classification (CDC),
and grade V is the most severe. Most complications are mild, and only severe complications are life threatening, and thus,
it is important to identify severe complications in patients with STB. The purpose of this study was to identify the risk
factors of postoperative complication severity in patients with STB. Methods. Between January 2012 and May 2021, a
retrospective study included 188 patients that underwent STB debridement surgery. The patients were divided into three
groups based on postoperative complication severity. Clinical characteristics measured included age, sex, body mass index
(BMI), comorbidities of diabetes mellitus and pulmonary tuberculosis, alcohol use and smoking history, course of disease,
preoperative hemoglobin, preoperative serum albumin, preoperative lymphocytes, preoperative erythrocyte sedimentation rate
(ESR), preoperative C-reactive protein (CRP), surgical approach, operating time, blood loss during surgery, postoperative
hemoglobin, and postoperative serum albumin. The clinical characteristics of patients with STB who developed postoperative
complications were evaluated using logistic regression analysis. Results. 188 patients suffered at least one postoperative
complication; 77, 91, and 20 patients experienced grade I, II, and III-IV complications, respectively. In the univariate analysis,
sex, diabetes mellitus, postoperative hemoglobin, and postoperative albumin are statistically significant. In the multivariable
analysis, postoperative albumin (adjusted odds ratio ðORÞ = 0:861, P < 0:001) was an independent risk factor of the
postoperative complication severity in patients with STB. Receiver operating characteristic (ROC) analysis showed that the
optimal cutoff values for postoperative albumin were 32 g/L (sensitivity: 0.571, specificity: 0.714, area under the ROC curve:
0.680) and 30 g/L (sensitivity: 0.649, specificity: 0.800, area under the ROC curve: 0.697) for grade II and grade III-IV
complications, respectively. Conclusions. Postoperative albumin is an independent risk factor for postoperative complication
severity in patients with STB. The improvement of postoperative albumin levels may reduce the risk of severe complications in
patients with STB.

1. Introduction

Spinal tuberculosis (STB) is a type of osteoarticular tubercu-
losis with high morbidity, taking part of 50% in osteoarticu-
lar tuberculosis [1]. Standard antituberculosis (TB) drug
administration combined with timely surgery is an impor-
tant and effective treatment for patients with STB [2]. Lesion
focus debridement is a significant treatment in STB therapy,
which enhances tuberculosis control, promotes bone graft
fusion, improves the efficacy of antituberculosis drugs, and

reduces the risk of STB recurrence [3, 4]. However, debride-
ment of the spinal focus is an iatrogenic trauma that usually
causes considerable blood loss. In addition, most patients
with STB have comorbidities, such as diabetes, anemia, and
hypoalbuminemia, and thus, they are susceptible to the
development of different postoperative complications com-
pared with those with degenerative diseases [5–7]. Different
complications have various adverse impacts on surgery out-
comes and patients’ postoperative prognosis. According to
the Clavien–Dindo classification, postoperative complication
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severity can be effectively graded for research purposes [8].
Our previous study found that most of the postoperative
complications were mild and did not need to be treated and
that only severe complications required active treatment. It
is of great significance to predict severe postoperative com-
plications in STB patients [9]. To date, research on postoper-

ative complications of STB has been confined to specific
complications, such as nerve injury and postoperative intes-
tinal obstruction [10, 11]. Few reports focus on the severity
of different postoperative complications. To reduce the risk
of serious postoperative complications and enhance the
effects of both debridement surgery and postoperative

Table 1: Details of the Clavien–Dindo classification of complications.

Grade Definition

I
Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic,

and radiological interventions; allowed regimens are antiemetics, antipyretics, analgesics, diuretics, electrolytes, and
physiotherapy; includes wound opened at the bedside

II
Requiring pharmacological treatment with drugs other than those allowed for grade I; includes blood transfusions and total

parental nutrition

III Requiring surgical, endoscopic, or radiological intervention

IIIa Intervention not under general anesthesia

IIIb Intervention under general anesthesia

IV Life-threatening complication requiring intensive care unit management

IVa Single organ dysfunction (including dialysis)

IVb Multiorgan dysfunction

V Death
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Figure 1: Preoperative clinical characteristic comparisons of grade I, grade II, and grade III–IV complication groups using the Clavien–
Dindo classification.
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recovery in patients with STB, it is necessary to identify the
independent risk factors that affect the severity of postopera-
tive complications in STB.

This study retrospectively examined the data of patients
with STB who underwent debridement surgery at the First
Affiliated Hospital of Chongqing Medical University to
identify the risk factors of different degrees of severity that
predict postoperative complications.

2. Materials and Methods

All participants provided written informed consent.

2.1. Patient Selection. A total of 188 patients with STB who
underwent lesion debridement in our hospital between
January 2012 and May 2021 were retrospectively included
in this study.

2.1.1. Inclusion Criteria. Patients were selected if they met
the following inclusion criteria: (1) medical records were
complete, including data on general information, periopera-
tive laboratory examination, imaging results (including
magnetic resonance imaging (MRI) and computed tomogra-
phy (CT)), and clinical data on postoperative complications;
(2) patients underwent debridement, bone graft, and instru-
mented fusion; and (3) lesion tissues were extracted during
the surgery, and postoperative pathological diagnosis was
confirmed as STB.

2.1.2. Exclusion Criteria. Patients were excluded if they pre-
sented with the following: (1) suspected STB not confirmed
by pathological examination, (2) preliminary and pathologi-
cal diagnosis of diseases other than STB, (3) patients without
postoperative complication, or (4) a previous history of STB.

2.2. Measures and Statistics

2.2.1. Measures. Based on previous studies and our experi-
ence, the following possible items for the analysis of different
postoperative CDC complications in patients with STB were
assessed: patients’ preoperative general conditions, surgery-
related indicators, and postoperative laboratory indexes.
Measures of preoperative general patient conditions included
age, sex, body mass index (BMI), comorbidities of diabetes
mellitus and pulmonary tuberculosis, history of alcohol use,
history of smoking, course of disease, preoperative hemoglo-
bin, preoperative serum albumin, preoperative lymphocytes,
preoperative erythrocyte sedimentation rate (ESR), and pre-
operative C-reactive protein (CRP). Surgery-related indica-
tors included surgical approach, operating time, and
blood loss during surgery. Postoperative laboratory indexes
included postoperative hemoglobin and postoperative serum
albumin. Postoperative complications were divided into dif-
ferent grades based on the Clavien–Dindo classification
(Table 1).

2.2.2. Statistical Analysis. Clinical characteristics were
assessed using univariate ordinal logistic regression analysis,
and significant factors with P < 0:1 were entered into a
multivariate ordinal logistic regression. ROC curve analysis
determined the threshold values for continuous variables.

P < 0:05 was considered as indicating statistical signifi-
cance. SPSS version 26.0 software was used for statistical
analyses.

3. Result

3.1. Patient Population. In total, 188 patients presented with
postoperative complications and were enrolled in the study,
including 102 males and 86 females (Figure 1). Patients’ var-
ious complications are shown in Table 2. Mean ages, BMI,
smoking and alcohol use history, and disease course of
patients in the three groups are shown in Figure 1. Opera-
tion time, operation blood loss, surgery approach, postoper-
ative hemoglobin, and postoperative albumin of patients in
the three groups are shown in Figures 2 and 3.

3.2. Results of Univariate and Multivariate Ordinal Logistic
Regression Analyses. Univariate ordinal logistic regression
analysis showed that sex, diabetes mellitus, postoperative
hemoglobin, and postoperative serum albumin were all risk
factors for the severity of different postoperative Clavien–
Dindo complications (Table 3). Multivariate ordinal logistic
regression analysis of the above significant risk factors

Table 2: Details of patients with the Clavien–Dindo classification
of complications.

Number

Total 188

Clavien–Dindo I 77 (41.0%)

Low serum albumin 58

Mild and moderate anemia 61

High fever 28

Gastrointestinal symptoms 25

Cerebrospinal fluid leakage 9

Electrolyte disorders 10

Clavien–Dindo II 91 (48.4%)

Hypoalbuminemia 41

Severe anemia 11

Abnormal liver function 18

Abnormal kidney function 4

Delirium 2

Limb nerve symptoms 14

Drug side effect 8

Thrombus 3

Urinary tract infection 2

Clavien–Dindo IIIa 12 (6.4%)

Wound infection and/or poor healing 11

Restricted respiratory function 1

Clavien–Dindo IIIb 7 (3.7%)

Pleural effusion 5

Rupture of iliac vein 1

Internal fixation instability 1

Clavien–Dindo IVa 1 (0.5%)

Respiratory failure 1
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revealed that postoperative serum albumin was an indepen-
dent risk factor for postoperative complication severity
(Table 4).

3.3. ROC Curve Analysis. ROC curves showed that the diag-
nostic thresholds of postoperative serum albumin in CDC II
and CDC III-IV were 32 g/L (sensitivity: 0.571, specificity:
0.714, area under the ROC curve: 0.680) and 30 g/L (sensitiv-
ity: 0.649, specificity: 0.800, area under the ROC curve:
0.697), respectively (Figure 4).

4. Discussion

In the present study, ordinal logistic regression analysis
revealed that postoperative serum albumin level was an
independent risk factor for postoperative complication
severity in patients with STB.

Serum albumin is a plasma protein synthesized by the
liver, which plays an important role in maintaining blood
colloid osmotic pressure and transporting metabolic sub-
stances. As an endogenous nutrient, albumin is the most
commonly used and most reliable evaluation index for the
body’s nutritional status [12–14]. Preoperative malnutrition
is common in patients with STB, and it has been reported
that between 4.8% and 16.8% of patients who underwent
spinal surgery develop preoperative hypoalbuminemia as a
complication [15, 16]. STB is considered a chronic wasting
disease, and patients with STB have a higher risk of preoper-
ative hypoalbuminemia. After STB surgery, patients have
significantly reduced levels of postoperative albumin, and
in one study, the incidence of postoperative hypoalbumin-
emia has been found to be 72.8% [17]. Many factors can lead
to low albumin levels, including insufficient protein intake
or malabsorption, protein synthesis disorder, increased
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Figure 2: Comparisons of surgery-related clinical characteristics of grade I, grade II, and grade III–IV complication groups using the
Clavien–Dindo classification.
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Table 3: Univariate ordinal logistic regression analysis of risk factors in patients with different grades of complications.

Characteristics Estimate (SE) Unadjusted odds ratio (OR) 95% CI P value

Age 0.012 1.012 -0.005-0.029 0.178

Sex -0.623 0.536 -1.181-0.065 0.029∗

BMI -0.036 0.965 -0.117-0.046 0.391

Diabetes mellitus -0.684 0.505 -1.414-0.047 0.066∗

Pulmonary tuberculosis -0.271 0.763 -0.827-0.286 0.340

Smoking history -0.007 0.993 -0.027-0.013 0.515

Alcohol use history 0.000 1.000 -0.025-0.025 0.984

Course of disease 0.001 1.001 -0.008-0.011 0.754

Preoperative hemoglobin 0.013 1.014 0.983-1.045 0.388

Preoperative serum albumin -0.025 0.975 -0.092-0.041 0.458

Preoperative lymphocytes -0.101 0.904 -0.724-0.523 0.751

Preoperative CRP 0.000 1.000 -0.008-0.008 0.910

Preoperative ESR 0.005 1.005 -0.005-0.016 0.323

Surgery approach 0.020 1.020 -0.833-0.872 0.964

Operating time 0.003 1.003 -0.002-0.007 0.319

Blood loss during surgery 0.000 1.000 -0.001-0.001 0.463

Postoperative hemoglobin -0.034 0.967 -0.055-0.014 0.001∗

Postoperative serum albumin -0.169 0.845 -0.241-0.096 <0.001∗

BMI: body mass index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.

Table 4: Multivariate ordinal logistic regression analysis of risk factors in patients with different grades of complications.

Characteristics Estimate (SE) Crude odds ratio (OR) 95% CI P value

Sex -0.435 0.647 -1.051-0.180 0.166

Diabetes mellitus -0.358 0.699 -1.117-0.401 0.355

Postoperative hemoglobin -0.011 0.989 -0.036-0.014 0.396

Postoperative serum albumin -0.150 0.861 -0.230-0.069 <0.001∗
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albumin catabolism rate, abnormal albumin distribution,
and external albumin loss [18–21]. There are two main fac-
tors that lead to low albumin levels in patients with STB.
First, STB is a chronic wasting disease with 25.7% of patients
experiencing pulmonary tuberculosis as a complication.
These patients have high nutritional requirements and lower
protein intake, and the inflammation caused by the tubercu-
losis infection increases albumin consumption, which in
turn leads to the half-life time of albumin being decreased
to 8:2 ± 1:4 days, while the normal value is 12:5 ± 1:7 days
[22, 23]. Second, debridement surgery in patients with STB
is a critical factor that can lead to low postoperative albumin
levels. Compared with surgery for degenerative spinal dis-
ease, STB surgery also involves focus debridement as a step,
resulting in longer operating time, more bleeding, and more
trauma. Surgery has several effects on postoperative albumin
levels. (a) First, bleeding following surgery removes some of
the albumin from the blood and dilutes the remaining serum
albumin concentration [24]. (b) Second, surgery leads to a
physiological stress state and inflammatory reaction, which
injures the capillary endothelial cells in the whole body
and increases capillary permeability. Thus, the albumin in
the blood vessel penetrates into the tissue space and reduces
serum albumin, a mechanism called transcapillary escape of
albumin [25]. (c) Finally, during this stress state, the liver
decreases albumin synthesis and prioritizes acute phase pro-
tein synthesis including that of C-reactive protein. Several
causes contribute to impaired liver function and reduce the
liver’s ability to synthesize albumin, which in turn decreases
serum albumin [26]. Due to the nature of the disease and the
surgical methods used, patients with STB experience signifi-
cant decreases in serum albumin and are at high risk of
hypoalbuminemia following surgery.

To date, many studies found that preoperative albumin
is associated with postoperative complications. Yi et al.
found an increased risk of major perioperative complica-
tions after total hip replacement in patients with serum
albumin levels < 35 g/L [27, 28]. Patients with preoperative
hypoalbuminemia have a significantly increased risk of sep-
sis, myocardial infarction, and perioperative pneumonia
after total hip replacement [29, 30]. Patients who underwent
cervical surgery with hypoalbuminemia had a higher rate of
any major postoperative complications, particularly pulmo-
nary and cardiac complications, and were more likely to
require a reoperation and longer hospital stays [31]. Preop-
erative hypoalbuminemia is a risk factor for postoperative
surgical site infection after spinal surgery and prolongs the
hospital stay [16, 32]. One of our previous studies also
suggested that preoperative albumin is an independent risk
factor for overall postoperative complications of STB [33].
Many studies have confirmed that preoperative albumin is
significantly associated with postoperative complications in
patients with STB. Our study further revealed that postoper-
ative albumin is an independent risk factor for the severity of
postoperative complications in patients with STB, and the
lower the postoperative albumin, the greater the risk of more
serious complications. In addition, when the postoperative
albumin is less than 30 g/L, more attention should be paid
to the occurrence of complications above CDC III grade.

Such complications have important implications for periop-
erative management and enhanced recovery after surgery of
patients and indicate that clinicians should pay more atten-
tion to postoperative albumin levels in patients with STB.

It remains controversial whether exogenous albumin
supplementation should be used to treat postoperative hypo-
albuminemia in patients with STB. Exogenous human serum
albumin supplementation can effectively improve postoper-
ative albumin levels for patients with hypoalbuminemia after
surgery. However, studies have demonstrated that the use of
albumin after surgery will not reduce the risk of postopera-
tive incision complications and will increase the risk of
postoperative infection [9]. After the infusion of exogenous
albumin, about 10% of albumin exudes from the blood ves-
sels within 2 hours, and 75% is distributed outside the blood
vessels within 2 days. Also, albumin takes a long time to
decompose, and if it cannot decompose, it produces the
required amino acids in the short term [18, 34]. In addition,
exogenous albumin contains different kinds of amino acids
excluding tryptophan and isoleucine and has low nutri-
tional value, and therefore, it is generally not recom-
mended for improving nutritional status and correcting
hypoproteinemia [35].

One of our unpublished studies found that albumin in
patients with STB decreased every day starting on the first
postoperative day, reached the lowest value on the third
day, then rose slowly, and returned to a normal level on
about the fifth day. The latter may be related to the relief
of patients’ stress levels following surgery and the release of
albumin return from tissues into the blood [24]. Most com-
plications in patients occurred within a week after the appli-
cation of exogenous albumin. It only took a short time to
increase albumin levels to more than 32 g/L. Moreover, the
risk of CDC II and higher complications provides guidance
for postoperative albumin applications and suggests direc-
tions of further research. Most of the complications in
patients occur during the first week after surgery. If exoge-
nous albumin is applied for a short time within one week
after surgery and the albumin level is increased to more than
32 g/L, the risk of CDC II level complications may be
reduced. This in turn may provide further guidance for the
application of albumin after surgery and for further research.

5. Conclusion

This investigation identified postoperative albumin as an
independent risk factor for the severity of postoperative
complications in patients with STB. When postoperative
albumin was less than 32 g/L, there is a high risk of occur-
rence of CDC II complications, and when postoperative
albumin is less than 30 g/L, CDC III-IV complications have
a high risk of incidence occurrence. The improvement of
postoperative albumin levels may reduce the risk of severe
complications in patients with STB.

6. Study Limitations

This study has some limitations. First, there may be some
risk factors we did not take into inclusion. Second, a better
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complication classification method may exist. Third, a larger
sample size would increase the statistical power available
and hence the ability to detect smaller effect sizes. Fourth,
this study is a retrospective study; the role of improvement
of postoperative albumin in complication prevention needs
to be evaluated. Future studies addressing these limitations
will be required to confirm these results.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Ethical Approval

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved. This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the Institutional Ethics Board of the First
Affiliated Hospital of Chongqing Medical University (no.
ChiCTR1800019109).

Consent

All participants provided written informed consent to par-
ticipate in this study.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

References

[1] R. N. Dunn and H. M. Ben, “Spinal tuberculosis,” Bone Joint J,
vol. 100-B, no. 4, pp. 425–431, 2018.

[2] Y. X.Wang, H. Q. Zhang, M. Li et al., “Debridement, interbody
graft using titanium mesh cages, posterior instrumentation
and fusion in the surgical treatment of multilevel noncontigu-
ous spinal tuberculosis in elderly patients via a posterior-only,”
Injury, vol. 48, no. 2, pp. 378–383, 2017.

[3] O. Boachie-Adjei, E. C. Papadopoulos, F. Pellisé et al., “Late
treatment of tuberculosis-associated kyphosis: Late treatment
of tuberculosis-associated kyphosis: literature review and
experience from a SRS-GOP site,” European Spine Journal,
vol. 22, no. 4, pp. 641–646, 2013.

[4] S. Rajasekaran and S. Soundarapandian, “Progression of
kyphosis in tuberculosis of the spine treated by anterior
arthrodesis,” The Journal of Bone and Joint Surgery. American
Volume, vol. 71, no. 9, pp. 1314–1323, 1989.

[5] M. C. Swann, K. S. Hoes, S. G. Aoun, and D. L. McDonagh,
“Postoperative complications of spine surgery,” Best Practice
& Research. Clinical Anaesthesiology, vol. 30, no. 1, pp. 103–
120, 2016.

[6] J. A. Rihn, R. Patel, J. Makda et al., “Complications associated
with single-level transforaminal lumbar interbody fusion,” The
Spine Journal, vol. 9, no. 8, pp. 623–629, 2009.

[7] Z. Hongqi, Y. Xinhua, and L. Fen, “Investigation of the compli-
cations associated with surgery for treating spinal tuberculo-

sis,” Orthopedic Journal of China, vol. 22, no. 1, pp. 20–27,
2014.

[8] D. Dindo, N. Demartines, and P. A. Clavien, “Classification of
surgical complications: a new proposal with evaluation in a
cohort of 6336 patients and results of a survey,” Annals of Sur-
gery, vol. 240, no. 2, pp. 205–213, 2004.

[9] G. Jiang, Y. Ou, Y. Zhu et al., “Development of a scoring scale
for predicting the risk of postoperative complications after
spinal tuberculosis debridement: a retrospective cohort study
of 233 patients,” Annals of Palliative Medicine, vol. 10, no. 9,
pp. 9372–9382, 2021.

[10] W. Xiyang, Z. Bingyan, and L. Weiwei, “Cause analysis and
prevention of the complications after surgical treatment for
spinal tuberculosis,” Chinese Journal of Spine and Spinal Cord,
vol. 20, no. 12, pp. 993–997, 2010.

[11] H. Wang, X. Yang, Y. Shi et al., “Early predictive factors for
lower-extremity motor or sensory deficits and surgical results
of patients with spinal tuberculosis: a retrospective study of
329 patients,” Medicine (Baltimore), vol. 95, no. 34, article
e4523, 2016.

[12] D. C. McMillan, W. S. Watson, P. O'Gorman, T. Preston, H. R.
Scott, and C. S. McArdle, “Albumin concentrations are pri-
marily determined by the body cell mass and the systemic
inflammatory response in cancer patients with weight loss,”
Nutrition and Cancer, vol. 39, no. 2, pp. 210–213, 2001,
11759282.

[13] M. B. Cross, P. H. Yi, C. F. Thomas, J. Garcia, and C. J. Della
Valle, “Evaluation of malnutrition in orthopaedic surgery,”
The Journal of the American Academy of Orthopaedic Sur-
geons, vol. 22, no. 3, pp. 193–199, 2014.

[14] M. Bernardi, P. Angeli, J. Claria et al., “Albumin in decompen-
sated cirrhosis: new concepts and perspectives,” Gut, vol. 69,
no. 6, pp. 1127–1138, 2020.

[15] N. J. Lee, P. Kothari, J. S. Kim et al., “Nutritional status as an
adjunct risk factor for early postoperative complications
following posterior cervical fusion,” Spine (Phila Pa 1976),
vol. 42, no. 18, pp. 1367–1374, 2017.

[16] D. D. Bohl, M. R. Shen, B. C. Mayo et al., “Malnutrition pre-
dicts infectious and wound complications following posterior
lumbar spinal fusion,” Spine, vol. 41, no. 21, pp. 1693–1699,
2016.

[17] F. Zhang, X. Liu, Z. Tan, J. Li, D. Fu, and L. Zhu, “Effect of
postoperative hypoalbuminemia and supplement of human
serum albumin on the development of surgical site infection
following spinal fusion surgery: a retrospective study,” Euro-
pean Spine Journal, vol. 29, no. 7, pp. 1483–1489, 2020.

[18] J. Boldt, “Use of albumin: an update,” British journal of anaes-
thesia, vol. 104, no. 3, pp. 276–284, 2010.

[19] K. M. Druey and P. R. Greipp, “Narrative review: the systemic
capillary leak syndrome,” Annals of Internal Medicine,
vol. 153, no. 2, pp. 90–98, 2010.

[20] R. Sion-Sarid, T. Lerman-Sagie, L. Blumkin, D. Ben-Ami,
I. Cohen, and S. Houri, “Neurologic involvement in a child
with systemic capillary leak syndrome,” Pediatrics, vol. 125,
no. 3, pp. e687–e692, 2010.

[21] A. Gatta, A. Verardo, and M. Bolognesi, “Hypoalbuminemia,”
Internal and Emergency Medicine, vol. 7, Suppl 3, pp. S193–
S199, 2012.

[22] H. Wang, C. Li, J. Wang, Z. Zhang, and Y. Zhou, “Charac-
teristics of patients with spinal tuberculosis: seven-year
experience of a teaching hospital in Southwest China,”

7BioMed Research International

http://www.chictr.org.cn/showproj.aspx?proj=32274


International Orthopaedics, vol. 36, no. 7, pp. 1429–1434,
2012.

[23] A. Greissman, P. Silver, L. Nimkoff, and M. Sagy, “Albumin
bolus administration versus continuous infusion in critically
ill hypoalbuminemic pediatric patients,” Intensive Care Medi-
cine, vol. 22, no. 5, pp. 495–499, 1996.

[24] M. Hübner, S. Mantziari, N. Demartines, F. Pralong, P. Coti-
Bertrand, and M. Schäfer, “Postoperative albumin drop is a
marker for surgical stress and a predictor for clinical outcome:
a pilot study,” Gastroenterology Research and Practice,
vol. 2016, Article ID 8743187, 2016.

[25] P. E. Ballmer, “Causes and mechanisms of hypoalbuminae-
mia,” Clinical Nutrition, vol. 20, no. 3, pp. 271–273, 2001.

[26] A. Hülshoff, T. Schricker, H. Elgendy, R. Hatzakorzian, and
R. Lattermann, “Albumin synthesis in surgical patients,”
Nutrition, vol. 29, no. 5, pp. 703–707, 2013.

[27] P. H. Yi, R. M. Frank, E. Vann, K. A. Sonn, M. Moric, and C. J.
Della Valle, “Is potential malnutrition associated with septic
failure and acute infection after revision total joint arthro-
plasty?,” Clinical Orthopaedics and Related Research, vol. 473,
no. 1, pp. 175–182, 2015.

[28] C. L. Nelson, N. M. Elkassabany, A. F. Kamath, and J. Liu,
“Low albumin levels, more than morbid obesity, are associated
with complications after TKA,” Clinical Orthopaedics and
Related Research, vol. 473, no. 10, pp. 3163–3172, 2015.

[29] D. Kishawi, G. Schwarzman, A. Mejia, A. K. Hussain, and
M. H. Gonzalez, “Low preoperative albumin levels predict
adverse outcomes after total joint arthroplasty,” The Journal
of Bone and Joint Surgery. American Volume, vol. 102,
no. 10, pp. 889–895, 2020.

[30] X. Wang, L. Dai, Y. Zhang, and Y. Lv, “Gender and low
albumin and oxygen levels are risk factors for perioperative
pneumonia in geriatric hip fracture patients,” Clinical Inter-
ventions in Aging, vol. 19, no. 15, pp. 419–424, 2020.

[31] M. C. Fu, R. A. Buerba, and J. N. Grauer, “Preoperative nutri-
tional status as an adjunct predictor of major postoperative
complications following anterior cervical discectomy and
fusion,” Clinical Spine Surgery, vol. 29, no. 4, pp. 167–172,
2016.

[32] Y. Yamamoto, H. Shigematsu, E. Iwata et al., “Hypoalbumin-
emia increased the length of stay in the treatment of postoper-
ative acute surgical site infection in spinal surgery,” Spine
(Phila Pa 1976), vol. 45, no. 23, pp. E1564–E1571, 2020.

[33] G. M. Liumbruno, F. Bennardello, A. Lattanzio, P. Piccoli, and
G. Rossettias, “Italian Society of Transfusion Medicine and
Immunohaematology (SIMTI). Recommendations for the
use of albumin and immunoglobulins,” Blood Transfus,
vol. 7, no. 3, pp. 325–334, 2009.

[34] G. C. Matos, S. Rozenfeld, and M. Martins, “Human albumin
use at hospitals in the Metropolitan Region of Rio de Janeiro,”
Cadernos de Saude Publica, vol. 26, no. 5, pp. 981–990, 2010.

[35] G. J. Quinlan, G. S. Martin, and T. W. Evans, “Albumin: bio-
chemical properties and therapeutic potential,” Hepatology,
vol. 41, no. 6, pp. 1211–1219, 2005.

8 BioMed Research International


	Value of Postoperative Serum Albumin to Predict Postoperative Complication Severity in Spinal Tuberculosis
	1. Introduction
	2. Materials and Methods
	2.1. Patient Selection
	2.1.1. Inclusion Criteria
	2.1.2. Exclusion Criteria

	2.2. Measures and Statistics
	2.2.1. Measures
	2.2.2. Statistical Analysis


	3. Result
	3.1. Patient Population
	3.2. Results of Univariate and Multivariate Ordinal Logistic Regression Analyses
	3.3. ROC Curve Analysis

	4. Discussion
	5. Conclusion
	6. Study Limitations
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest

