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Abstract

Objective To analyze the association between different postoperative hemoglobin (Hb) levels and postoperative
outcomes in patients who have undergone primary lumbar interbody fusion, and to investigate the risk factors and
establish a predictive nomogram mode for postoperative Hb <80 g/L.

Methods We retrospectively analyzed 726 cases who underwent primary lumbar interbody fusion surgery between
January 2018 and December 2021in our hospital. All patients were divided into three groups according to the
postoperative Hb levels (<70 g/L, 70-79 g/L, >80 g/L). The postoperative outcomes among the three groups were
compared, and the risk factors for postoperative Hb <80 g/L were identified by univariate and multivariable logistic
regression analysis. Based on these independent predictors, a nomogram model was developed. Predictive discrimi-
native and accuracy ability of the predicting model was assessed using the concordance index (C-index) and calibra-
tion plot. Clinical application was validated using decision curve analysis. Internal validation was performed using the
bootstrapping validation.

Results Patients with postoperative Hb <80 g/L had higher rates of postoperative blood transfusion, a greater
length of stay, higher rates of wound complications, and higher hospitalization costs than those with postoperative
Hb > 80 g/L. Preoperative Hb, preoperative platelets, fusion segments, body mass index, operation time, and intra-
operative blood loss independently were associated with postoperative Hb <80 g/L. Intraoperative blood salvage
was found to be a negative predictor for postoperative Hb <80 g/L (OR, 0.21 [95% Cl 0.09-0.50]). The area under the
curve of the nomogram model was 0.950. After internal validations, the C-index of the model was 0.939. The DCA and
calibration curve suggested that the nomogram model had a good consistency and clinical utility.

Conclusions Postoperative Hb <80 g/L in patients following primary lumbar interbody fusion surgery increased
blood transfusions requirement and was independently associated with poor outcomes. A novel nomogram model
was established and could conveniently predict the risk of postoperative Hb <80 g/L in patients after this type of
surgery.
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Background

Lumbar interbody fusion surgery has been considered
the classic surgical treatment for lumbar degenerative
diseases requiring spinal stabilization and fusion, such as
lumbar spinal stenosis, disk herniation, and spondylolis-
thesis [1, 2]. This surgery may significantly relieve radicu-
lar symptoms and pain by removing nerve compression
and providing spinal stabilization. However, the invasive
nature of the procedure may adversely affect postopera-
tive hemoglobin (Hb) levels, resulting in severe anemia
[3]. Postoperative low Hb increases the need for blood
transfusions and is associated with poor outcomes [4].
It is not clear what Hb threshold is the balance between
the risk of transfusion and the risk of anemia. A postop-
erative Hb <70 or <80 with anemia symptoms is gener-
ally considered as the threshold for transfusion [5]. A
restrictive transfusion strategy with a Hb threshold of
70-79 g/L is considered safe and feasible [6]. However,
few studies have evaluated the relationship between clini-
cal outcomes and different postoperative Hb levels.

A better understanding of the risk factors for postoper-
ative low Hb will help reduce the incidence of postopera-
tive anemia. Several studies have reported the risk factors
of low Hb after surgery, including preoperative factors
such as age, female gender, comorbidities, and preopera-
tive Hb level, and intraoperative factors such as surgical
duration, operative type, fusion segment, and intraopera-
tive blood loss [7]. However, few studies have established
a prediction model for postoperative low Hb in patients
with primary lumbar interbody fusion.

Nomograms allow for the evaluation of many signifi-
cant variables so that a certain clinical event of an indi-
vidual patient can be accurately predicted. Nomograms
may also provide visual results and make them easier to
understand. Although some studies have developed a
prediction model for blood transfusion during the perio-
perative period in lumbar interbody fusion, these studies
did not include patients with low Hb levels without trans-
fusions. Additionally, these patients usually have poor
clinical outcomes [8]. Therefore, it is necessary to iden-
tify the risk factors and establish a prediction nomogram
model for postoperative Hb <80 g/L in patients following
primary lumbar interbody fusion. We aimed to analyze
the association between different postoperative Hb levels
(<70 g/L, 70-79 g/L, >80 g/L) and postoperative out-
comes, investigate the risk factors, and establish a predic-
tive nomogram model for postoperative Hb<80 g/L in
patients following primary lumbar interbody fusion.

Materials and methods

Patients

Following institutional review board approval, we con-
ducted a retrospective review of the clinical data of
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patients who underwent transforaminal lumbar inter-
body fusion (TLIF) or posterior lumbar interbody fusion
(PLIF) at our hospital between January 2018 and Decem-
ber 2021. We included: patients aged > 18 years; who
underwent primary lumbar interbody fusion; with com-
plete clinical and laboratory data; and with a diagnosis of
lumbar degenerative disease. All patients were divided
into three groups (<70 g/L, 70-79 g/L, >80 g/L) accord-
ing to postoperative Hb.

Data collection

The clinical data of patients were collected, including
preoperative factors, intraoperative variables, and post-
operative outcomes. Preoperative factors included: sex;
age; body mass index (BMI); comorbidities (hyperten-
sion, hyperlipidemia, respiratory diseases, and diabetes);
and laboratory data [Hb, platelets (PLT), prothrombin
time, activated partial thromboplastin time, thrombin
time, and fibrinogen]. A variety of intraoperative vari-
ables were assessed, including operative type (PLIF or
TLIF), American Society of Anesthesiologists (ASA)
class, operation time, intraoperative blood loss, intraop-
erative fusion segment, and intraoperative blood salvage.
Postoperative variables included Hb level, length of hos-
pitalization, wound complications, and hospitalization
cost. All surgeries were performed by senior chief phy-
sicians. The postoperative Hb nadir was defined as the
lowest Hb level measured during the hospital stay after
surgery.

Statistical analysis and nomogram model establishment
The statistical analysis was conducted using R (ver-
sion 4.2.1) and SPSS software, version 26 (IBM Corp.
Armonk, NY). Numbers and percentages were used to
report descriptive statistics, and those for continuous
variables are given as means =+ SD. Relationships between
different postoperative Hb levels and postoperative out-
comes were assessed using linear regression analysis or
logistics regression analysis. Potential factors were calcu-
lated using univariate analysis and categorical variables
were analyzed using the Chi-square test, while continu-
ous variables were analyzed using the Student’s t-test or
the Mann—Whitney U-test. Then, we conducted a mul-
tivariate logistic regression to identify the independent
predictors for Hb<80 g/L. A P value<0.05 (two-sided)
was considered statistically significant.

Independent predictors of multivariate logistics
regression analysis were used to establish a nomogram
model. Subsequently, the predictive ability of the mode
was assessed using the area under the curve (AUC) of
the receiver operating characteristic (ROC). The pre-
diction probability of the model was evaluated using the
calibration curves and the nomogram discrimination
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performance was quantified by the C-index. For inter-
nal validation, the prediction model of the postop-
erative Hb<80 g/L was subjected to 1000 bootstraps
resamples, and the relatively corrected C-index was cal-
culated. We performed a decision curve analysis (DCA)
to assess the clinical benefit of the prediction model at
different threshold probabilities.

Results

Patient population and postoperative outcomes

We included 726 patients undergoing primary lum-
bar interbody fusion surgery. Among these cases, 29
(4.0%) had a nadir level of postoperative Hb<70 g/L,
54 (7.4%), 70-79 g/L; and 643 (88.6%), >80 g/L. For
patients with postoperative Hb <70 g/L, 79.3% of them
(23 of 29) received allogeneic transfusions, while 53.7%
of patients (29 of 54) received allogeneic transfusions in
the 70-79 g/L Hb level group. Only five patients (0.8%)
received allogeneic transfusions in the postoperative
Hb >80 g/L group.

There were 7 cases (21.4%) with wound complica-
tion in postoperative Hb <70 g/L group, 9 cases (16.7%)
in the 70-79 g/L Hb level group, and 31 cases (4.8%)
in Hb >80 g/L group. The average length of stay for
the three groups (<70 g/L, 70-79 g/L, >80 g/L) was
17.3+£3.6, 15.7£3.9, and 12.8 + 3.6 days. Mean hospi-
talization costs of the three groups were 8.0, 7.8, and
5.7 ten thousand RMB, respectively. Patients with post-
operative Hb <70 g/L or 70-79 g/L had a greater length
of stay, higher rates of wound complications, and higher
hospitalization costs than those with postoperative
Hb >80 g/L. After adjusting for these potential con-
founders (age, sex, comorbidities, BMI, and fusion seg-
ments), postoperative Hb of <80 g/L was independently
associated with poor outcomes after lumbar interbody
fusion surgery. The clinical outcomes were compared
among the three groups (<70 g/L, 70-79 g/L, >80 g/L)
(Table 1).

Table 1 Association between postoperative Hb and outcomes
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Independent risk factors for postoperative Hb nadir

of <80 g/L

The results of the univariate analysis to assess the predic-
tors of postoperative Hb <80 g/L are shown in Table 2.
Nineteen variables were included and a statistical asso-
ciation with postoperative Hb nadir<80 g/L was found
in 11 variables. In multivariate logistics regression analy-
sis, the backward-stepwise selection method was used to
identify these predictive factors. These results demon-
strated that BMI (OR, 1.18 [95% CI 1.05-1.33]), preop-
erative Hb (OR, 1.12 [95% CI 1.09-1.16]), preoperative
PLTs (OR, 1.01 [95% CI 1.00-1.02]), three or more fusion
segments (OR, compared with one segment 53.34 [95%
CI 6.06—469.24]), operation time (OR, 1.01 [95% CI 1.00—
1.02]), and intraoperative blood loss (OR, 1.00 [95% CI
1.00-1.02]) were independently associated with greater
odds of postoperative Hb<80 g/L. The intraoperative
blood salvage (OR, 0.20 [95% CI 0.08-0.49]) was inde-
pendently associated with lower odds of postoperative
Hb of <80 g/L (Table 3).

Development and validation of the nomogram model

The nomogram model was established based on the
seven independent risk factors identified by multivari-
ate logistics regression analysis (Fig. 1). For example, if a
patient underwent primary lumbar interbody fusion with
two fusion segments, preoperative Hb of 120 g/L, PLT of
160 x 10°/L, BMI of 22 kg/mz, intraoperative blood sal-
vage was utilized, operation duration was 200 min, and
intraoperative blood loss was 400 mL, the total score
based on the model was 7.5+66.5+33+22.54+0+2
2+12.5=164 points. The probability of postoperative
Hb <80 g/L was, therefore, up to 80% for this patient.

We evaluated the reliability of the nomogram model.
The AUC for the predictive model was 0.950 (95% CI
0.923-0.978) (Fig. 2), indicating that the model had a
strong discriminatory ability. A preoperative Hb level of
121.5 g/L maximized the specificity (79.3%) and sensi-
tivity (71.1%) to predict postoperative Hb <80 g/L. The
C-index of the model using 726 patients was 0.950 (95%

Outcomes Postoperative Hb <70 g/L Postoperative Hb of 70-79 g/L Postoperative
Hb>80g/L

Postoperative blood transfusion 23/29* 29/54% 5/643

Length of stay (d) 17.3+3.6% 15.7£3.9* 128436

Wound complications 7/29% 9/54* 31/643

Hospitalization costs (ten thousand RMB) 8.0+£3.5% 7.8+£32% 57£12

Hb hemoglobin

" Statistically significant differences from the Postoperative Hb > 80 g/L are shown (P<0.05)

# Statistical difference compared with Postoperative Hb of 70-79 g/L
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Table 2 Univariate analysis of postoperative Hb of <80 g/L after primary lumbar interbody fusion
Variables Hb <80 g/L (n=283) Hb >80 g/L (n=643) t/z/x? P
Age (years) 61.14+£10.61 5497 +12.04 — 446 0.00
Sex 3193 0.00
Male 12 303
Female 71 340
BMI 21.69+£3.19 23.75£3.73 0.07 0.00
Comorbidities
Hypertension 12/71 116/527 0.65 042
Hyperlipidemia 10/73 120/523 2.19 0.14
Respiratory diseases 6/77 22/621 2.87 0.09
Diabetes 7/76 40/603 0.60 044
Preoperative laboratory tests
Hb 11396+ 1557 13457 £1545 1143 0.00
PLT 204.00+61.72 226.36+60.29 3.17 0.00
PT 10.86+0.85 10.794+0.80 —0.71 048
APTT 26.81+£3.82 2642+343 —097 033
T 18.66+2.04 1831+1.67 —1.75 0.08
FIB 266+0.70 271+£0.77 046 0.65
Operative type 7.76 0.01
PLIF 67 421
TLIF 16 222
ASA 9.54 0.00
<2 198 445
>3 12 71
Fusion segment 118.88 0.00
1 25 468
2 41 170
>3 17 5
Operation time (min) 2186146493 166.67 42.46 —9.77 0.00
Intraoperative blood loss (mL) 634.824+37046 323.754190.75 —12.20 0.00
Intraoperative blood salvage 25/58 120/523 6.04 0.01

Hb hemoglobin, BMI body mass index, PLT platelet, PT prothrombin time, APTT activated partial thromboplastin time, TT thrombin time, FIB fibrinogen, PLIF posterior
lumbar interbody fusion, TLIF transforaminal lumbar interbody fusion, ASA American Society of Anesthesiologist class

CI 0.922-0.977). Through bootstrap verification, the
C-index was 0.939, which showed that the model had
good discrimination. Additionally, the calibration curves
were found to be in good agreement with actual meas-
urements of postoperative Hb of <80 g/L in primary lum-
bar interbody fusion patients (Fig. 3). The DCA showed
that using this nomogram to predict a postoperative Hb
of <80 g/L had a net benefit across 0.01-0.84 threshold
probabilities (Fig. 4).

Discussion

Postoperative Hb<80 g/L in patients following primary
lumbar interbody fusion surgery was independently asso-
ciated with poor outcomes. A novel nomogram model
was established and could conveniently predict the risk
of postoperative Hb<80 g/L in these patient’s following
surgery.

Patients undergoing lumbar interbody fusion usu-
ally suffer from postoperative anemia and require a
blood transfusion; however, there has been controversy
regarding the postoperative Hb thresholds for transfu-
sion. Postoperative Hb<70 g/L or <80 g/L with anemia
symptoms is generally considered as the threshold for
transfusion [9]. The clinical practice guidelines from
the American Association of Blood Banks strongly rec-
ommend a restrictive transfusion threshold of 80 g/L
for patients undergoing orthopedic surgery [10]. Multi-
ple randomized controlled trials have been conducted
to examine the feasibility of postoperative Hb<80 g/L
as the threshold [11]. Chaudhry et al. [9] found that
patients with postoperative Hb<80 g/L were associ-
ated with poor outcomes, such as acute kidney injury,
higher rates of readmissions, and longer hospital stays
following total joint arthroplasty. In our study, patients
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Table 3 Multivariable regression analysis of postoperative Hb of
<<80 g/L after primary lumbar interbody fusion

Variables OR 95%(Cl P
Age 1.02 0.98-1.05 0.31
Sex 1.29 0.53-3.15 0.58
BMI 118 1.05-1.33 0.01
Preoperative Hb 112 1.09-1.16 0.00
Preoperative PLT 1.01 1.00-1.02 0.01
ASA 1.63 0.64-4.13 0.31
Operative type 0.49 021-1.14 0.10
Fusion Segment

1 — — —

2 272 1.24-5.94 0.01

>3 5334 6.06-469.24 0.00
Operation time 1.01 1.00-1.02 0.01
Intraoperative blood loss 1.00 1.00-1.02 0.00
Intraoperative blood salvage 0.20 0.08-0.49 0.00

OR odds ratio, C/ confidence interval, BMI body mass index, Hb hemoglobin, PLT
platelet, ASA American Society of Anesthesiologist class

Points

operation times

blood loss

segments

preoperative Hb

preoperative PLT

BMI

blood salvage

Total Points
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with postoperative Hb levels <70 g/L or 70-79 g/L after
undergoing primary lumbar interbody fusion had higher
rates of wound complications, longer hospital stays, and
higher hospitalization costs than patients with postoper-
ative Hb levels > 80 g/L. However, there were no signifi-
cant differences in the outcomes between patients with
postoperative Hb levels <70 g/L and Hb 70-79 g/L. Thus,
we used postoperative Hb<80 g/L as the threshold for
blood transfusion attempted to identify the risk factors
for these patients after fusion surgery.

Our findings suggest that lower preoperative Hb, lower
preoperative PLT, lower BMI, longer operative times,
greater intraoperative blood loss, and more fusion seg-
ments independently increased the odds of postoperative
Hb<80 g/L in patients who underwent primary lumbar
interbody fusion. Most previous studies focus on the fac-
tors that may increase the risk of postoperative blood
transfusions in orthopedic surgery patients. These factors
are strongly associated with postoperative blood trans-
fusions when there is low postoperative Hb. Similar to
other studies, a recent systematic review found that low
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Fig. 1 The developed postoperative Hb <80 g/L nomogram. The nomogram was developed in the cohort with the use of preoperative Hb,
preoperative PLT, operative time, intraoperative blood loss, fusion segments, and intraoperative blood salvage. Hb hemoglobin, PLT platelet, BMI

body mass index
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preoperative Hb significantly increased the risk of post-
operative transfusion [12]. Kim et al. [13] reported that
preoperative Hb level (OR 2.25, 95% CI [1.64-3.10])
was an independent predictor for transfusion after total
knee arthroplasty. Similarly, Mozella et al. [14] reported
that preoperative Hb levels <123 g/L is an independent
predictor for postoperative blood transfusion after the
same surgery. Similar to these studies, the optimal cut-
off value of preoperative Hb in our study was 121.5 g/L.
In multilevel thoracic and lumbar spine surgeries, Chow
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et al. [15] found that patients with low preoperative PLT
required more blood transfusions, a phenomenon which
we similarly observed. The possible reason for this may
be that low preoperative PLTs may increase the probabil-
ity of intraoperative bleeding. A study by Arishi et al. [16]
found that lower BMI contributed to the risk of receiv-
ing postoperative blood transfusions. Frisch et al. [17]
and Pedersen et al. [18] reported that blood transfusion
rates were higher among patients with low BMIs than in
patients with normal BMI after surgery. These findings
were consistent with our study and may be related to the
decreased BMI with the decrease in blood volume.

In our study, longer operative times, greater intraop-
erative blood loss, and more fusion segments were found
to be the risk factors for postoperative Hb<80 g/L in
lumbar spinal fusion patients. These results were simi-
lar to previous studies. According to Manara et al. [19],
revision hip surgery with longer operative times leads
to greater blood loss and transfusion risks. Morcos et al.
[20] found that the following factors significantly predict
the need for postoperative blood transfusion in posterior
lumbar spinal fusion: prolonged surgical time; open pos-
terior approach; multilevel surgery; ASA > 2; and sacrum
involvement. Based on the study results of Aoude et al.
[7], multilevel fusion and extended operative time inde-
pendently predict the need for blood transfusions dur-
ing lumbar fusion. Patients undergoing multilevel fusion
posterior lumbar surgery with long operative duration
and great intraoperative blood loss are more likely to
experience postoperative low Hb.

Of particular interest, intraoperative blood salvage
was found to be a negative predictor of postoperative Hb
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of <80 g/L in our study. Intraoperative blood salvage is
a process whereby blood is collected from the surgical
site, filtered and washed to produce autologous blood for
transfusion back into the patient. The main component of
return transfusion is concentrated red cells, which could
theoretically increase the Hb level. In a retrospective
study of 50 patients, Chanda et al. [21] reported intra-
operative blood salvage is safe and effective in patients
undergoing thoracolumbar internal fixation and fusion.
Although some studies reported the use of intraoperative
blood salvage in orthopedic surgery could not serve to
reduce the need for allogenic transfusion [22, 23], it plays
a role in increasing postoperative Hb levels and reducing
perioperative blood loss [24, 25].

In this study, we successfully established a prediction
nomogram model to assess the risk of postoperative
Hb <80 g/L in patients undergoing primary lumbar inter-
body fusion. Seven predictors identified by multivari-
ate regression analysis were included in the nomogram
model. The internal validation showed that the model
had good discrimination and calibration ability. With its
large sample size, the high C-index (0.939) of interval val-
idation demonstrated the usefulness and accuracy of this
nomogram [26].

Wang et al. [27] developed a blood transfusion nomo-
gram among 885 patients who underwent posterior lum-
bar spinal fusion, with an internally validated C-index
of 0.898. Another study [8] described a blood transfu-
sion nomogram model after PLIF and found AUC values
of 0.881 and 0.890 for the training and validation sets,
respectively. Compared to these models, our prediction
model could give a better prediction for postoperative
Hb <80 g/L. For high-risk patients, it is necessary to take
measures to increase preoperative Hb level and platelet
counts, use intraoperative blood salvage, and take hemo-
stasis measurements to reduce intraoperative blood loss.

This study also has some limitations: First, since
this study was retrospective, there may be bias associ-
ated with data collection and incomplete data for some
patients. A prospective study with a large sample size
may make the conclusions of this study more convinc-
ing. Second, some patient variables, such as smoking and
drinking, were not included in this study, which may also
have led to a bias. Furthermore, different senior surgeons
performed the surgery. Varying surgical skills may have
resulted in different intraoperative blood loss results, and
finally affected the results of the study. Last, the postop-
erative Hb nadir in this study was defined as the lowest
Hb level measured during the hospital stay after surgery;
the different test times for Hb may affect the results.

In conclusion, postoperative Hb <80 g/L was associated
with poor clinical outcomes in patients undergoing pri-
mary lumbar interbody fusion surgery. Preoperative Hb,
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preoperative PLTs, operative time, intraoperative blood
loss, fusion segments, and intraoperative blood salvage
were found to be significant predictors of postoperative
Hb<80 g/L in this study. Additionally, a novel nomogram
model was established based on these seven predictors,
which showed great discriminative ability and clinical
practicability.
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