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Efficacy of a problem, intervention, control, @

and outcomes (PICO)-based perioperative
blood management plan developed for patients
undergoing long-segment lumbar spine
posterior surgery
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Abstract

Background This study aimed to develop and evaluate the effectiveness of a perioperative blood management plan
based on the problem, intervention, control, and outcomes (PICO) model for long-segment lumbar spine posterior
surgery.

Methods In this retrospective study, 51 patients who needed long-segment posterior lumbar spine surgery

at the Second Affiliated Hospital of Nantong University Department of Spinal Surgery from July 2020 to June 2022
were included in the control group, while 51 patients who needed long-segment posterior lumbar spine surgery
from July 2021 to June 2022 were selected as the observation group. Patients in the control group received conven-
tional blood management, while those in the observation group were additionally administered an evidence-based
perioperative blood management plan. We compared the intervention outcomes in both the groups.

Results Patients in the observation group demonstrated significantly higher postoperative hemoglobin levels

and hematocrit at various time points compared to those in the control group (P< 0.05). Intraoperative blood loss,
postoperative drainage volume, and average volume of allogeneic blood transfused per recipient, as well as the num-
ber and frequency of allogeneic blood transfusions, were significantly lower in the observation group (P<0.05). The
duration of surgical drain placement and postoperative hospital stay were notably shorter in the observation group
(P<0.05). The two groups did not differ significantly in the incidence of postoperative venous thromboembolism
(VTE) (P>0.05).

Conclusion The implementation of a perioperative blood management plan was effective in reducing the total
blood loss and transfusion volume in the perioperative period, improving hemoglobin and hematocrit levels, facilitat-
ing earlier removal of surgical drains, and accelerating patient discharge.
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Background

Long-segment lumbar spine posterior surgery is a com-
mon surgical approach for treating multi-segment degen-
erative diseases of the lumbar spine [1]. This procedure
involves extensive dissection of paravertebral muscles,
intervertebral bone bleeding, and bleeding from the spi-
nal venous plexus, which can lead to substantial blood
loss [2], often ranging from 1000 to 2000 mL [3]. Interna-
tional studies estimate the incidence of preoperative ane-
mia in patients undergoing spinal surgery to be around
24%, with preoperative anemia and intraoperative and
postoperative blood loss contributing to a substantial
rate of postoperative acute anemia of up to 51%. Postop-
erative hemoglobin levels can decrease by 30 to 46 g/L,
increasing the risk of postoperative infections and other
complications [4, 5]. While allogeneic blood transfusion
remains a strategy for correcting anemia, it carries inher-
ent risks of virus transmission and infection [6].

Perioperative blood management involves several tech-
niques employed at various stages of the surgical period
to maintain blood quality and quantity. It aims to address
preoperative and postoperative anemia, reduce intraop-
erative blood loss, and consequently minimize transfu-
sions and complications, thereby enhancing patient safety
[7]. Current domestic and international approaches to
blood management focus primarily on optimizing surgi-
cal techniques, intraoperative use of tranexamic acid, and
postoperative iron supplementation. However, the use of
a comprehensive blood management plan throughout the
entire process is still not very prevalent.

PICO (patient/problem, intervention, comparison, and
outcomes) is a problem development tool commonly
used in clinical research and nursing practice. Its core
elements are population (P), intervention (I), control
group or another comparable intervention (C) and out-
come/observation effect index (C). The PICO model is a
model of evidence-based medicine to construct clinical
problems [8], which is widely used in clinical, nursing,
occupational diseases, and other medical fields [9], and it
is also the core problem of obtaining scientific core evi-
dence [10-12].

In this study, we developed and validated a periop-
erative blood management plan for patients undergoing
long-segment lumbar spine posterior surgery based on
the problem, intervention, control, and outcomes (PICO)
model, and the findings are reported in the following
sections.

Materials and methods

General information

Based on a two-sample mean comparison, we calcu-
lated the required sample size N using the formula
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N= 2*[(ua+pB)G/6]2. Here, N represents the sample size
needed for each group, typically equal in number. Set-
ting o at 0.05 and S at 0.10, values for y,=1.645 and
#p=1.282 were obtained from standard tables. The litera-
ture review and calculations indicated that N=48. Con-
sidering a 5% non-response rate, a minimum of 51 cases
in each group was required, thus resulting in at least 102
cases. Based on these calculations, we used convenience
sampling to select the definite diagnosis of lumbar disc
herniation, lumbar spinal stenosis, lumbar spondylolis-
thesis, and lumbar degenerative scoliosis from July 2020
to June 2022 in the Department of Spinal Surgery of the
Second Affiliated Hospital of Nantong University. This
retrospective study included 102 patients who needed
long-segment posterior lumbar surgery as the research
object. All patients have symptoms of low back and leg
pain, but after 6-12 weeks of regular conservative treat-
ment, the pain is serious, affecting work and life, or nerve
damage of lower limbs, or symptoms of cauda equina
compression.

Inclusion criteria were: (1) patients undergoing their
first surgery of > 3 fused segments, including decompres-
sion, internal fixation, and fusion, with or without spinal
deformity; (2) patients with a preoperative hemoglobin
(Hb) >90 g/L, normal coagulation function, and platelet
count; (3) patients with no history of preoperative blood
transfusion.

Exclusion criteria were: (1) patients with coexist-
ing chronic hemorrhagic or hematologic diseases; (2)
patients with concurrent chronic renal failure or cirrho-
sis; (3) patients on antiplatelet therapy that could not be
suspended; (4) patients with thrombotic diseases, such as
cerebral infarction or atrial fibrillation.

The study was approved by the Ethics Committee of
the First People’s Hospital of Nantong (Approval No.
2020KTO078). We obtained informed consent from all
patients and their families. A comparison of general
information between the two groups showed no signifi-
cant statistical difference (P>0.05). Details are shown in
Table 1.

Intervention methods

The same team of physicians performed the surgery
for both the groups of patients. During the procedure,
patients were positioned prone and underwent endotra-
cheal intubation under general anesthesia. The surgical
approach involved posterior decompression, bone graft
fusion, and internal fixation surgery of the lumbar spine.
Notably, autologous iliac bone grafting was not per-
formed in either group. A flowchart showing the clinical
workflow for both the observation and control groups is
shown in Fig. 1. The differential interventions received by
the two groups are displayed in Supplementary Table S1.
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Blood management lumbar surgery

Observation group Control group

v !

On the basis of the original blood management, a more comprehensive

During surgery:
perioperative blood management scheme was formed by evidence-based 1

method.

Position management: The prone positioning pad was

employed to elevate the thoracic and abdominal

. L regions, thereby avoiding compression of the major
Establish a multidisciplinary blood management team.
thoracoabdominal vessels.
1. Literature review: Formulate the nursing evidence-based questions as
2. Blood pressure management: The mean arterial
per the PICO format and construct the first draft of blood management
| pressure was maintained at about 20% below the
plan.
. . . . baseline until the internal fixation was completed,
2. Expert panel meeting: Develop the final version of the perioperative
. . following which it was restored to baseline levels.
blood management plan for patients undergoing long-segment lumbar
. . 3. Reduce bleeding: Intravenous administration of 1.0 g
spine posterior surgery.
tranexamic acid before skin incision, and the use of

1. Comprehensive, Precise, Dynamic Perioperative Blood Assessment bipolar electrocoagulation for hemostasis.

(1) Personalized and dynamic bleeding risk assessment.
. . Post surgery:
(2) Pre-assessment of intraoperative blood loss one day before
. . . . ) 1. Drainage management: If the drainage volume
operation: to determine whether the patient needs intraoperative
exceeded 100 mL/hour, the method was switched to
autologous blood transfusion.
. . . intermittent negative pressure drainage. The drainage
(3) Accurate assessment of intraoperative and postoperative blood
tube was removed if the 24-hour drainage volume was

less than 50 ml.

loss.

2. Perioperative Bleeding Risk Prevention: Conducted personalized
] ) . . ) 2. Blood transfusion management: Routine blood tests
assessments of bleeding risk for each patient, with proactive
. . were monitored at the time of admission and the first
management of modifiable risk factors.
o . . o day after operation. If hemoglobin < 70g/L, red blood
3. Optimization of Perioperative Hematopoiesis: If nurses detected that
cell suspension was infused.
the Hb levels were low (women < 120 g/L, men < 130 g/L) and the
. . . . . . . 3. Postoperative avoidance of anticoagulant medication,
patient was diagnosed with absolute or functional iron deficiency, iron
. . = with patients using full-length graduated compression
supplementation was administered as per the physician’s orders.
stockings on both legs to prevent venous

4. Reduction of Intraoperative Blood Loss: Used a dual approach of
thromboembolism (VTE).

combining intravenous tranexamic acid infusion and surgical area

soaking and intraoperative autologous blood transfusions.

5. Postoperative drainage management: Surgeons determined the target
control volume for surgical area drainage based on the surgical
technique, vertebral segments involved, and intraoperative blood loss.

6. Blood transfusion management: Individualized Blood Transfusion
Management and Enhancing Patient Anemia Tolerance: A restrictive
transfusion strategy, based on transfusion consensus, was strictly

adhered to.

Fig. 1 Clinical workflow for both the observation and control groups

In the control group, we used a conventional perioper- and abdominal regions, thereby avoiding compression
ative blood management plan. During surgery, the prone  of the major thoracoabdominal vessels. This approach
positioning pad was employed to elevate the thoracic decreased the pressure in the spinal venous plexus,
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consequently reducing bleeding. The mean arterial
pressure was maintained at about 20% below the base-
line until the internal fixation was completed, following
which it was restored to baseline levels.

The following procedures were implemented addition-
ally: (1) intravenous administration of 1.0 g tranexamic
acid before skin incision, and the use of bipolar electro-
coagulation for hemostasis. (2) Postoperative implemen-
tation of continuous negative pressure drainage in the
surgical area: if the drainage volume exceeded 100 mL/h,
the method was switched to intermittent negative pres-
sure drainage. The drainage tube was removed if the
24-h drainage volume was less than 50 mL. (3) Regu-
lar monitoring of the complete blood count at the time
of admission and the first day after operation, with the
transfusion of red blood cell suspension if hemoglobin
levels fell below 70 g/L. (4) Postoperative avoidance of
anticoagulant medication, with patients using full-length
graduated compression stockings on both legs to prevent
venous thromboembolism (VTE).

In contrast, for patients in the observation group, we
adopted a perioperative blood management plan based
on the PICO framework, detailed as follows:

Establishment of a perioperative blood management team
We set up a specialized blood management team con-
sisting of nine members. The department head and head
nurse served as the team leaders, responsible for guiding
the implementation, review, and quality control of the
blood management plan. A physician and a provincial-
level orthopedic specialist nurse were tasked with devel-
oping and implementing the blood management plan, as
well as training, assessing, and communicating with team
members. A doctorate physician and a graduate nurse
were responsible for the evidence-based formulation of
the blood management plan. One researcher each from
the hematology, transfusion medicine, and pharmacy
departments was involved in the review and clinical guid-
ance of the management plan.

Development of an evidence-based perioperative blood
management plan

(1) Literature review: We retrieved publications from
international and Chinese literature and analyzed
these using the Question Development Tool of the
Johns Hopkins Nursing Evidence-Based Practice
Model. We formulated the nursing evidence-based
questions as per the PICO format. The identified
Problem (P) was the significant intraoperative and
postoperative blood loss and the high incidence
of postoperative anemia in patients undergoing
long-segment lumbar spine posterior surgery. The
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Intervention (I) involved measures of blood man-
agement implemented by the multidisciplinary
medical and nursing staff. The Control (C) was not
applicable in this study. The Outcomes (O) aimed
at dynamically and accurately assessing the patient’s
risk of bleeding, blood loss, hemoglobin (Hb), hem-
atocrit (HCT), and thrombotic risk throughout the
treatment process. The goal was to optimize hemat-
opoiesis, reduce blood loss, provide rational trans-
fusions, and improve anemia tolerance, ultimately
reducing patient blood loss and transfusion volume,
improving postoperative Hb and Hct, and promot-
ing faster patient recovery.

(2) Expert panel meeting: We identified 10 medical
and nursing experts from Jiangsu Province with
high professional proficiency and clinical experi-
ence in the field [average age (42.3+3.28) years,
average experience (19.32+4.62) years, all hold-
ing mid-level or higher professional designations,
with an expert authority coefficient of 0.88]. They
discussed, refined, and finalized the content of the
draft through collaborative deliberations in group
sessions to develop the final version of the periop-
erative blood management plan for patients under-
going long-segment lumbar spine posterior surgery.

Comprehensive, precise, dynamic perioperative blood
assessment

(1) Personalized and dynamic bleeding risk assessment:
Bleeding risk was evaluated through collecting a
detailed medical history, physical examination, and
coagulation function tests [13], including hyper-
tension, abnormal liver function, abnormal renal
function, stroke, bleeding, unstable INR value, old
age > 65 years old, drugs, drinking, and score 1 point
for each risk factor. A bleeding risk score of>3
points indicated a “high risk,” necessitating periodic
re-evaluation. Nurses used the Caprini score chart
to assess the risk of VTE at the time of admission,
post-surgery, and when there were any changes in
the patient’s condition. On the fifth postoperative
day, an ultrasound examination of the major ves-
sels of the lower limb was conducted to check for
any occurrence of deep vein thrombosis (DVT).
Relevant blood indicators were continuously moni-
tored to evaluate for anemia to facilitate analyzing
its causes and implementing appropriate interven-
tion measures.

(2) Preoperative estimation of intraoperative blood
loss: on the day before surgery, the operating sur-
geon estimated the likely intraoperative blood loss
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based on the surgical method and the number of
spinal segments involved. This estimation, com-
bined with the patient’s Hb and hematocrit (Hct)
levels, guided decisions regarding the need for an
intraoperative autologous blood transfusion.

(3) Accurate assessment of intraoperative and postop-
erative blood loss: this included both intraopera-
tive blood loss and postoperative drainage volume.
Intraoperative blood loss was calculated as the vol-
ume of fluid suctioned by the suction device minus
the total volume of saline solution used for irriga-
tion plus the net increase in weight of the gauzes
used during surgery. This task was managed by a
designated circulating nurse in the operating room
who was trained by the blood management team
to ensure data accuracy. Postoperative drainage
volume: this volume was accurately measured and
recorded by nurses who extracted the drainage
using syringes. It was ensured that all patients had a
stable effective circulating blood volume postopera-
tively, with total fluid replacement controlled within
2000 mL in the first 24 h post-surgery to enable
accurate estimation of total blood loss.

Perioperative bleeding risk prevention We conducted
personalized assessments of bleeding risk for each
patient, with proactive management of modifiable risk
factors. These measures included controlling systolic
blood pressure to less than 160 mmHg, avoiding the
concurrent use of medications such as antiplatelet drugs
and nonsteroidal anti-inflammatory drugs (NSAIDs),
and prohibiting alcohol consumption.

For patients previously on warfarin for conditions
such as atrial fibrillation or cardiovascular surgery, the
anticoagulant was discontinued 5 days prior to sur-
gery. Starting on the day following discontinuation,
low molecular weight heparin (LMWH) was admin-
istered as bridging therapy. The last dose of LMWH
was given within 24 h prior to the surgery. Postopera-
tively, LMWH treatment was resumed 24 h after the
procedure.

Warfarin or similar anticoagulants were reinstated fol-
lowing the removal of the surgical drainage tube.

Optimization of perioperative hematopoiesis If nurses
detected that the Hb levels were low (women <120 g/L,
men < 130 g/L) and the patient was diagnosed with abso-
lute or functional iron deficiency, iron supplementation
was administered as per the physician’s orders. The
required iron dose (mg)=patient weight (kg) X (target
Hb value—actual Hb value) (g/L)x0.24 +iron storage
(mg) [14]. Intravenous administration of 200 mg/day of
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iron sucrose was carried out three times a week until the
iron deficiency was fully rectified.

Reduction of intraoperative blood loss

(1) We used a dual approach of combining intrave-
nous tranexamic acid infusion and surgical area
soaking. Prior to making the skin incision, 1.0 g of
tranexamic acid was administered intravenously,
and before closing the incision at the end of the sur-
gery, the surgical area was soaked for 5 min with a
solution containing 1.0 g of tranexamic acid [15].

(2) We used intraoperative autologous blood transfu-
sions. Physicians conducted a preoperative assess-
ment of patients, considering criteria such as Hb
levels greater than 110 g/L and Hct higher than
33%. If intraoperative blood loss exceeded 500 ml,
the anesthesiologist was notified to ensure readi-
ness for preoperative autologous blood donation.

Postoperative blood loss reduction Surgeons deter-
mined the target control volume for surgical area drain-
age based on the surgical technique, vertebral segments
involved, and intraoperative blood loss. During the
drainage process, nurses adjusted the drainage method
based on the actual drainage volume and target control
volume. This included total negative pressure, partial
negative pressure, zero negative pressure, and inter-
mittent negative pressure drainage methods. The drain
was removed when postoperative drainage volume
was <50 mL/24 h followed by localized pressure dress-
ing.

Individualized  blood  transfusion  management
and enhancing patient anemia tolerance A restrictive
transfusion strategy, based on transfusion consensus,
was strictly adhered to. Patients were carefully moni-
tored for indications for transfusion. If Hb fell to <70
g/L, two units of red blood cell suspension were trans-
fused. For patients with Hb levels between 70 and 90
g/L, if symptoms like an increase in heart rate of over
30% above the baseline, hypotension, or fatigue were
present, one unit of red blood cell suspension was
administered. Because of the large amount of bleeding
after surgery, in order to find the continuous decline of
Hb caused by postoperative bleeding in time, take timely
treatment measures and evaluate the therapeutic effect
of blood transfusion in time. Hematology reassessment
was done the next day, and if Hb remained within the
aforementioned range and other sources of bleeding
were ruled out, another transfusion was performed.
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Implementation of the plan
(1) Rigorous selection of implementers: nurses

involved in the study were required to hold a nurse
practitioner or higher qualification and to be recog-
nized as city-level, provincial-level, or national-level
orthopedic specialist nurses. Physicians needed to
possess a master’s degree or higher and hold a des-
ignation of attending Physician or higher. All profes-
sionals were required to have a minimum of 3 years
of specialized experience and demonstrate excel-
lent communication and execution skills. Personnel
who implemented the plan underwent comprehen-
sive training through online and offline multimedia
inputs and scenario simulations. The content of the
training included information about long-segment
lumbar spine posterior surgery, the impact of blood
loss on patient recovery, and specific strategies for
blood management. Eligibility to participate in the
study mandated passing an assessment conducted
by the team leader, which included both theoretical
and clinical practice evaluations.

(2) Precision management throughout the process:
precision management principles were employed to
enhance the accuracy of perioperative assessments
and data calculations. This approach ensured the
accuracy and reliability of the research results.

(3) Patient engagement and team analysis: the team
interviewed patients throughout the study to main-
tain continuous engagement. Team meetings were
convened weekly to analyze and discuss issues
encountered in the implementation of the blood
management plan. This collaborative process aimed
to optimize and standardize the implementation of
the long-segment lumbar spine posterior surgery
blood management plan.

Evaluation indices

Hb and Hct

Hb and Hct levels were measured at admission, imme-
diately post-surgery, on the first and third day post-sur-
gery, and at discharge.

Intraoperative blood loss and postoperative drainage volume
Data were collected from surgical and nursing records.

Number of allogeneic blood transfusion recipients

and average volume of allogeneic blood transfused

per recipient

Since the patients in our cohort did not receive preop-
erative transfusions, the number of allogeneic blood
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transfusion recipients referred to the count of patients
who underwent allogeneic blood transfusions intraop-
eratively and/or postoperatively. A patient receiving
transfusions both during and after surgery was counted
as one incidence. The average volume of allogeneic
blood transfused per recipient was calculated as the
mean transfusion volume among those who received
transfusions.

Postoperative incidence of VTE

A routine ultrasound examination of the major vessels of
the lower limb was performed for all patients on the fifth
postoperative day. The number of cases of postoperative
VTE was compiled from the hospital information system.

Duration of surgical area drain placement and postoperative
hospital stay length

The duration of surgical area drain placement was cal-
culated as the time in hours from drain placement to
removal, with removal criteria being a postoperative
drainage volume of less than 50 mL/day. The length of
the postoperative hospital stay was computed from data
in the hospital information system.

Method of data collection

Before the commencement of the study, we prepared and
provided the team with unified guidelines on terminol-
ogy and data collection methods. Two nursing graduate
students who were not involved in the implementation
of the intervention were specifically assigned to collect
patients’ basic information and data related to each eval-
uation index. All the data were collected and handed over
on the same day.

Statistical analysis

Two personnel independently entered the data. We used
SPSS software version 26.0 for the analysis. Quantitative
data were expressed as the mean and standard deviation.
For data conforming to a normal distribution, compari-
sons between groups were made using the independent
sample t-test, while comparisons of postoperative Hb
and Hct values at different time points between the two
groups were conducted using repeated measures analy-
sis of variance. Categorical data were analyzed using the
Chi-square test. A P value of <0.05 was considered statis-
tically significant. To address potential confounding fac-
tors, multivariate regression analysis was performed. For
continuous outcome variables such as hemoglobin (Hb),
hematocrit (Hct), blood loss, and length of stay, multiple
linear regression models were used to estimate the effect
of the intervention while adjusting for baseline charac-
teristics including age, sex, BMI, smoking status, alcohol
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Table 2 Comparison of perioperative Hb values at different time points between the two groups

Group Cases Admission (x+s) Immediate Day 1 post-op (x+s) Day 3 post-op (x+s) Discharge day (xzs)
post-op (X+5s)

Observation group 51 14135+14.01 127.06+9.93 12035+10.19 117374948 135.06+9.99

Control group 51 14137+10.68 115.20+11.82 104.96+10.78 101.78+11.42 117714922

Finteraction Value - 48512

Pinveraction Value - <0.001

Fgroup Value - 37.16

Pyroup value - <0.001

Fiime value - 32242

Piime Value - <0.001

Table 3 Comparison of perioperative Hct values at different time points between the two groups

Group Cases Admission (Xx+s) Immediate Day 1 post-op (x+s) Day 3 post-op (X+s) Discharge day (xz+s)
post-op (x+5s)

Observation group 51 42.19+3.90 3796+293 36.23+2.77 3549+262 39.93+241

Control group 51 42.72+3.17 35114363 32.03+£327 3093+£3.54 36.07+£2.86

Fmreract'\on value - 22.83

Pirveraction Value - <0.001

Fgroup Value - 29.38

Pgroup value - <0.001

Fime value - 239.86

P.mo Value - <0.001

time

use, number of fused segments, comorbidities, and pre-
operative anticoagulant use.

Results

Comparison of general data between the two groups
There were no significant statistical differences between
the two groups in age, gender, body mass index (BMI),
smoking status, alcohol use, duration of the surgery,
number of fused segments, comorbid diseases, or preop-
erative use of anticoagulants (P>0.05). Details are given
in Table 1.

Comparison of perioperative Hb and Hct values at different
time points between the two groups

There was no significant difference in Hb and Hct val-
ues at admission between the patients in the two groups
(P>0.05). However, patients in the observation group had
significantly higher Hb and Hct values immediately after
the surgery, on the first and third day post-surgery, and
on the day of discharge compared to those in the control
group (P<0.05). Details are given in Tables 2 and 3.

Comparison of intraoperative and postoperative blood loss
between the two groups

Patients in the observation group had significantly lower
intraoperative blood loss and postoperative drainage

Table 4 Comparison of intraoperative blood loss and
postoperative drainage volume between the two groups

Group Cases Intraoperative Postoperative
blood loss (x+s) drainage volume
(xts)
Observation group 51 264.71+£86.77 186.27 +56.64
Control group 51 362.75+137.06 2431447551
t value - —-432 -430
Pvalue - <0.001 <0.001

volume when compared to those in the control group
(P<0.05). Details are given in Table 4.

Comparison of allogeneic blood transfusions

between the two groups

The number of allogeneic blood transfusion recipients was
significantly lower in the observation group as compared to
the control group (P<0.05). Details are given in Table 5.

Comparison of the duration of postoperative drain
placement and the duration of postoperative hospital stay
between the two groups

The duration of postoperative drain placement and the
length of postoperative hospital stay were significantly
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Table 5 Comparison of the number of recipients of allogeneic
blood transfusion between the two groups
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Table 7 Comparison of the incidence of postoperative VTE
between the two groups

Group Cases Allogeneic blood Group VTE
transfusion (yes/ incidence
no) (yes/no)

Observation group 51 2/49 Observation group 2/49

Control group 51 18/33 Control group 3/48

X2 value - 15.92 X2 value 0.21

Pvalue - <0.001 Pvalue 0.65

lower for patients in the control group when compared
to those in the observation group (P<0.05). Details are
given in Table 6.

Comparison of the incidence of postoperative VTE

between the two groups

There was no significant difference in the incidence of
postoperative VTE between the two groups (P>0.05).
Details are given in Table 7.

Multivariate regression analyses

To further control for potential confounding variables,
adjusted analyses were conducted. After adjusting for
baseline factors including age, sex, BMI, comorbidi-
ties, and surgical characteristics, the intervention group
remained significantly associated with better outcomes
(P<0.05).

Discussion

Impact of the blood management plan on perioperative
Hb and Hct levels

The blood management plan that we developed was
effective in improving perioperative Hb and Hct levels
in patients undergoing long-segment lumbar spine pos-
terior surgery, consistent with the findings of Xi et al.
[16] Such surgeries often involve significant trauma and
bleeding. Many elderly patients who already have com-
promised hematopoietic function are in an anemic state
preoperatively. The incidence of postoperative anemia

Table 6 Comparison of the duration of postoperativedrain
placement and the duration of postoperative hospital stay
between the two groups

Group Duration of Duration of
postoperative drain postoperative hospital
placement (x+s) stay (x*s)

Observation group 44.51+11.94 7.08+1.29

Control group 69.39+£12.31 9.12+1.71

tvalue -10.36 -6.81

P value <0.001 <0.001

can be as high as 80-90% [17], increasing periopera-
tive mortality, infection rates, and the proportion of red
blood cell transfusions [18].

Iron deficiency anemia is the most common cause of
perioperative anemia in patients undergoing orthopedic
surgeries. Implementing iron supplementation therapy
early can rapidly restore Hb levels [19]. As compared
to oral iron supplementation, intravenous iron sucrose
enters the bone marrow more quickly to participate in
red blood cell production and replenish ferritin, thereby
increasing hemoglobin levels. In this study, we undertook
precise assessments of iron deficiency and standardized
intravenous treatment with iron sucrose, which, com-
bined with bleeding risk prevention measures and strat-
egies to reduce blood loss, effectively prevented rapid
postoperative declines in Hb and Hct.

We also found that the most significant decrease in
hemoglobin occurred immediately post-surgery in both
groups, with the greatest reduction observed on the
third postoperative day. The Hb and Hct levels at all
postoperative time points were better in the observa-
tion group compared to the control group, with statis-
tically significant differences (P<0.05). After adjusting
for potential confounding variables using multivariate
regression models, the PICO-based perioperative blood
management plan remained independently associated
with improved hemoglobin levels and reduced transfu-
sion rates. These findings suggest that the observed ben-
efits were not solely due to baseline differences, further
strengthening the internal validity of the results.

Impact of the blood management plan on total surgical
blood loss, number of allogeneic blood transfusion
recipients, and average volume of allogeneic blood
transfused per recipient

Our blood management plan effectively reduced the total
blood loss, the number of allogeneic blood transfusion
recipients, and the average volume of allogeneic blood
transfused per recipient in patients who underwent long-
segment lumbar spine posterior surgery. These findings
align with those reported by Wei et al. [20] Long-segment
lumbar spine posterior surgery often results in significant
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blood loss due to extensive surgical trauma, considerable
bleeding from bone surfaces, and substantial postopera-
tive drainage, leading to a high rate of transfusions. The
focus of blood management is to reduce bleeding and
limit transfusions, with the key focus being the reduction
of bleeding risk and the amount of blood loss [21].

In this study, we introduced a bleeding risk score table
to assess the risk of bleeding, pre-evaluated intraop-
erative blood loss, and enhanced the rate of intraopera-
tive autologous blood transfusion. We also determined
patients’ Hb levels, monitored patients for symptoms of
anemia, and tracked transfusion volume, aiding medical
staff in accurately identifying patients with transfusion
indications and reducing wastage of blood resources.
We used re-transfused concentrated red blood cells,
which have better viability and oxygen-carrying capac-
ity compared to banked blood. This effectively improved
patients’ tolerance to postoperative anemia as well as
reduced both the number of recipients of allogeneic
blood transfusions and the average volume of allogeneic
blood transfused per recipient. Based on intravenous
infusion of tranexamic acid before skin incision in rou-
tine surgery, the combined application of soaking in the
operation area before the end of the operation and the
closure of the incision, two time nodes and two differ-
ent medication routes effectively reduced the amount of
bleeding during and after operation.

We also implemented postoperative dynamic adjust-
ment of the drainage method based on target control
volumes, which helped to prevent risks associated with
excessive or insufficient drainage, such as excessive
bleeding or spinal epidural hematoma compressing the
spinal cord and nerves. In the observation group, 10
patients received intraoperative autologous blood trans-
fusions, and two patients received 700 mL of allogeneic
red blood cell suspension, averaging 350 mL per recipi-
ent. In the control group, 18 patients received a total of
9500 mL of allogeneic red blood cell suspension, with
an average transfusion volume of 528 mL. The results
showed that the postoperative hospitalization days in the
observation group were shorter than those in the control
group. Since there was no incision infection in the two
groups after operation and there was no significant dif-
ference in the incidence of VTE between the two groups,
the author thought that the postoperative hospitalization
time was not affected by other complications, with statis-
tically significant differences (P<0.05).

Impact of the blood management plan on the duration

of surgical drain placement and the duration

of postoperative hospital stay

The blood management plan that we developed was
beneficial in reducing the duration of surgical drain
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placement and shortening the postoperative hospital
stay for patients following long-segment lumbar spine
posterior surgery. These findings are consistent with
the research conducted by Huang et al. [22] A surgical
drain placed for a prolonged period of time can result
in increased pain, limited mobility, and a greater risk of
infection. In this study, patients in the observation group
had drainage controlled to a 24-h target volume, with
real-time adjustments to the drainage method and timely
removal of the drainage tube. This effectively reduced the
duration of drain placement, revealing a statistically sig-
nificant difference between the two groups (P <0.05).

Long-segment lumbar spine posterior surgery, due to
its extensive trauma and significant blood loss, typically
results in prolonged postoperative hospital stays and
recovery times. Low hemoglobin levels can impact mus-
cle strength recovery and reduce rehabilitation capac-
ity. By implementing a scientifically sound perioperative
blood management plan, we found that postoperative
hemoglobin levels were effectively improved, eliminating
fatigue and weakness caused by anemia and promoting
early ambulation and recovery. Our results indicated that
the duration of postoperative hospital stay in the obser-
vation group was significantly shorter than that of the
control group (P<0.05).

Impact of the blood management plan on the incidence

of postoperative VTE

The correlation between blood management and the inci-
dence of VTE has been relatively underexplored in cur-
rent research. Patients undergoing long-segment lumbar
spine posterior surgery are at high risk for VTE due to
substantial blood loss and postoperative anemia, which
can delay mobilization and reduce physical activity, fur-
ther elevating the risk of VTE.

In this study, concerns arose regarding whether the
combined intravenous and local use of tranexamic acid
in the observation group might increase the risk of
VTE. However, research indicates that intravenous use
of tranexamic acid reduces systemic absorption, and
its local application has minimal impact on coagulation
function, hence not increasing the risk of VTE [23].

No patient in any of the groups in this study expe-
rienced pulmonary embolism postoperatively. On the
fifth postoperative day, ultrasound examination of major
vessels of the lower limb revealed that there were three
patients who developed intermuscular venous throm-
bosis in the control group, while there were two such
cases in the observation group. There was no significant
difference between the two groups in the incidence of
postoperative VTE. This, consistent with the findings
of Shi et al. [24], may be attributed to factors such as
reduced blood loss, shorter postoperative bed rest, and
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the maintenance of the muscle “pump” action under the
blood management plan.

One key limitation of this study lies in the control of
intraoperative blood loss, particularly regarding surgical
technique optimization.

Summary

In conclusion, this study implemented a perioperative
blood management protocol based on PICO evidence-
based principles for patients undergoing long-segment
posterior lumbar spine surgery, leading to significant
improvements in blood management throughout the
surgical process. The protocol effectively reduced total
perioperative blood loss, allogeneic transfusion rates, and
the incidence of postoperative anemia. It also shortened
the duration of postoperative drainage tube use and hos-
pital stays, thereby accelerating postoperative recovery.
These improvements not only facilitated early ambula-
tion and lumbar function rehabilitation but also reduced
hospitalization costs by lowering transfusion expenses
and shortening recovery time. Long-term follow-up
studies are needed to investigate whether patients who
received perioperative blood management achieve better
functional outcomes, as indicated by improved Oswestry
Disability Index scores and overall quality of life. Over-
all, this PICO-based blood management strategy demon-
strated both clinical and economic advantages, aligning
well with the goals of enhanced recovery after surgery.
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