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Abstract

Buck?ound data: The order of steps for lumbar spine pedicle screw fixation (PSF) and posterior lumbar interbody

fusion

PLIF) may differ from one surgeon to another, which may affect the surgical outcomes.

Purpose: To evaluate the difference between PSF before and after PLIF in patients with degenerative lumbar spine

diseases.

Study design: A comparative retrospective clinical study.

Patients and methods: This study reported patients who underwent lumbar PSF and PLIF from January 2018 to March
2022. The patients were allocated into two groups: group A (PSF before PLIF) and group B (PSF after PLIF).

A total of 567 patients, 264 in group A and 303 in group B, were recruited for this study. Outcome parameters included
operative time, operative blood loss, operative blood transfusion, and operative complications.

Results: No significant differences were found between the two groups when comparing surgical time and intra-
operative complications (P > 0.05). However, compared with group B, a significant decrease was found in intraoperative
blood loss and the need for intraoperative blood transfusion in group A (P < 0.05).

Conclusion: This study suggests that the lumbar PSF is preferred before rather than after PLIF as it significantly re-
duces operative blood loss and the need for blood transfusion.
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Introduction

P osterior lumber interbody fusion (PLIF) can
successfully treat various disorders, including
degenerative lumbar disc disease, spinal canal ste-
nosis, and spondylolisthesis. PLIF may be supported
with posterior instrumentation, either the standard
pedicle screws fixation or the trans-laminar screws
[1]. The greatest advantage of PLIF is the decom-
pression of the neural elements and fusion of the
two vertebral bodies into a single motion segment

[2]. Multiple studies supported that PLIF was su-
perior to posterior lateral fusion (PLF) in clinical
outcome and fusion rate but equal in blood loss and
postoperative complications [3]. In comparison be-
tween PLIF alone and PLIF combined with pedicle
screw fixation (PSF), the group treated by PLIF and
PSF showed significantly more blood loss and
longer operative time. However, the duration for
obtaining bone union was significantly shorter than
that in the PLIF alone. The advantages of PSF are
early bone fusion, shorter postoperative bed rest
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duration, and better correction of spondylolisthesis
[4]. Patients undergoing spinal surgery are at risk of
significant blood loss, requiring blood and fluid
replacement. One of the keys to enhanced recovery
in spinal surgery is reducing intraoperative blood
loss and its hazards [5].

As surgeries are complex harmonic processes that
involve steps and technical actions, surgeries of the
same type can be done with different sequences of
steps and/or technical actions to get the same sur-
gical target [6]. A standardized model that describes
the §urgical work_ﬂow is important for training, ed-
ucation, and quality evaluation [7].

Some surgeons prefer doing the step of PSF
before rather than after PLIF to avoid neural expo-
sure during this step with expected hazards. How-
ever, others prefer the step of PSF to be after PLIF
with neural exposure to be a guide for screw
insertion. This debate highlights the increasing need
to ensure optimal patient safety, quality of intra-
operative care, and better surgical outcomes.

This study aims to detect the best technical model
during PLIF and PSF by comparing PSF before
versus after PLIF in patients with degenerative
lumbar spine disease in a single center.

Patients and methods

This comparative retrospective (from January 2018
to March 2022) study was conducted on
patients who underwent PLIF and PSF at the
neurosurgery department of our university
hospital. The patients were randomly allocated into
two groups according to surgeon preference: group
A, patients submitted to PSF before PLIF; Group B,
patients submitted to PSF after PLIF.

Written informed consent was obtained from
every patient for surgery and publication, and the
study was approved by the institutional review
board (IRB#: 9429). This study was carried out in
accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki) for
studies involving humans. The team for each oper-
ative list (four elective operative lists per week)
consists of at least one professor or assistant pro-
fessor and lecturers (consultants) of neurosurgery,
assisted by specialists and residents of neurosurgery
with similar anesthetic team qualifications. Our
neurosurgery department has 80 beds for elective
and emergency cases. We perform more than 500
spinal surgeries per year.

Inclusion criteria were patients subjected to lum-
bar PSF and PLIF and having spondylolysis, spon-
dylolisthesis, spondylosis, lumber canal stenosis, or
lumber disc prolapses, with the main clinical

presentations of low back pain, sciatica, claudica-
tion, and/or neurological deficits.

Exclusion criteria included patients with recurrent
lumbar surgeries, fractures, infections, or tumors,
patients receiving medications affecting blood clotting
or coagulation (antiplatelet, anticoagulants), patients
suffering from blood diseases affecting operative
bleeding, and patients presenting with anemia.

All patients were fully assessed before scheduled
surgeries: clinical evaluation of the general and the
neurological condition by detailed history and general
and neurological examination. This step was routinely
done before hospital admission at the outpatient
clinics with other specialties consultation such as in-
ternal medicine, cardiology, and anesthesiology.
Routine laboratory investigations included complete
blood pictures, liver function tests, kidney function
tests, blood sugars, viral markers for hepatitis C and B,
and bleeding profile and other investigations ac-
cording to the patient's condition. The radiographic
study included preoperative lumbosacral MRI,
lumbosacral plain X-rays, and multislice computed
tomography (MSCT) scans in some selected cases.

Reported outcome parameters

Operative time: This means the time from the skin
incision until the closure of the surgical wound.

Operative blood loss: The visual method for blood
loss calculation was used in all surgeries. This
method depends on calculating the amount of blood
in the suction container with adjustment for the used
irrigating saline and the blood-soaked gauze and
cottoned pieces [4 x 4-soaked gauze piece = 10 ml
blood and 30 x 30 cm = 100 ml blood] [8].

Blood transfusion: According to The American
Society of Anesthesiologists Task Force, the trigger
for blood transfusion was hemoglobin concentration
between 6 and 10 g/dl and hematocrit of less than
30% based on intraoperative measurement. More-
over, blood loss (loss of 30—40% of patient's blood
volume) and hemodynamics of the patients were
estimated [9]. Complete blood pictures and arterial
blood gases were routinely assessed during our
surgeries. The submuscular drain was removed
within 24 h in all patients after assessment of its
blood content. Preoperative confirmation of blood
reserve is routine work for every patient in the form
of packed red blood cells (each unit = 250 ml).

Accuracy of screw purchase: operative lateral and
anteroposterior fluoroscopy, intraoperative explo-
ration, and a routine postoperative lumbosacral
MSCT scan for each patient.

Operative complications: They included durotomy,
root injury, and screw malposition.
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Surgical procedure

All patients were operated on under general
anesthesia in the prone position. The order of steps
during lumbar PSF and PLIF surgeries differed in
our university hospital according to the surgeon's
preference. In group A, pedicle screws were inser-
ted before PLIF, while in group B, pedicle screws
were inserted after PLIF. The main surgeon fol-
lowed the standard guidelines of spinal surgeries
such as patient position, intraoperative vital signs,
use of diathermy and bipolar, use of hemostatic
materials, and subperiosteal muscle dissections.

The common steps for screw insertion under the
fluoroscopy guide were as follows: entry point
exposure, decortication of the entry site, use of the
spinal hole open awl instrument to make the entry
pit, the pedicle finder instrument (straight or curved
types) passing through the pedicle for about 30 mm,
then use of the feeler instrument to assess the
boundaries of the pathway, followed by use of the
serrated tap to make the final screw pathway, which
was tested by the feeler before the screw was driven
in. The rods were adjusted to the screw heads at the
end of the operation before the step of closure.

Statistical analysis

All data were collected, tabulated, and statistically
analyzed using SPSS 20.0 for Windows (SPSS Inc.,
Chicago, IL, USA, 2011). Quantitative data were
expressed as the mean + SD, and qualitative data
were expressed as numbers and percentages. The t-
test was used to compare two groups of normally
distributed variables. Percentages of categorical
variables were compared using the x> test. All tests
were two-sided. A P value of >0.05 was considered
statistically significant.

Results

In total, 567 patients who were eligible for our
inclusion criteria were recruited for this study and
included two groups. Group A: patients submitted
to PSF before PLIF, including 264 patients, group B:
patients submitted to pedicle screw fixation after
PLIF, including 303 patients.

The mean ages were 50 + 12 (42—66) years and
50 + 10 (38—59) years in groups A and B, respec-
tively, with nonsignificant differences between the
two groups. There were no significant differences
between the groups regarding sex distribution,
main clinical presentations, medical comorbidities,
or pathological data, including the number of
operated lumbar segments and the type of spinal

pathology (discogenic, spondylosis, spondylolysis,
and spondylolisthesis) (Table 1).

The mean operative time was 207.7 + 35 (120—340)
minutes versus 213 + 48 (120—380) minutes in groups
A and B, respectively, which showed no significant
difference between the two groups. Group B showed
significant operative blood loss of 972 + 26 (500—1800)
ml compared to group A 809 + 22 (400—1800) ml
(P = 0.0001) and this was also reported in one-, two-,
and three-level surgeries (Table 2).

Group B showed significant operative blood
transfusion compared to group A (P = 0.002) and
this was also reported in two-level surgeries, while
there was no significant difference in one- and
three-level surgeries. In one-level surgeries, no pa-
tient received a blood transfusion in both groups. In
two-level surgeries, eight patients received blood
transfusions (two units of packed red blood cells) in
group B, while no patients in group A received
blood transfusions, which was statistically signifi-
cant (P = 0.0036). In three-level surgeries, 15 pa-
tients received blood transfusions in group B (15 out
of 75, 20%), while in group A, six patients received
blood transfusions (6 out of 58, 10.3%) without sta-
tistical significance (P = 0.065), the number of
transfused units of packed red blood cell ranged
from 2 to 3 units per patient. Routine postoperative
care includes a complete blood picture and all our
patients were stable without needing a post-
operative blood transfusion (Table 2).

Operative complications showed no significant
difference between the two groups, including screw
malposition (P = 0.17), dural injury (P = 0.44), and
root injury (P = 0.49). However, there was a higher
incidence of screws malposition percentages and
dural and nerve root injuries during screw in-
sertions in group A (3.5%, 3.8%, and 1.9%) versus
group B (2.9%, 3.3%, and 1.65%) (Table 2).

Discussion

This retrospective study compared outcomes in
patients with degenerative lumbar spinal diseases
who received PSF before versus after PLIF. A total of
356 male and 211 female patients were enrolled.
There was a significant difference in our study be-
tween the two groups regarding intraoperative
blood loss volume and the need for intraoperative
blood transfusion in favor of group A. However, the
two groups had no significant differences when
comparing surgical time and intraoperative
complications.

Briggs and Milligan described the PLIF technique
in 1944 [10], and then the fusion results improved
due to the development of interbody implants and
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Table 1. Demographic and pathological data of study patients (n = 567).

Parameters Group A (n = 264) Group B (n = 303) T P value
Agelyears 50 + 12 (42—66) 50 + 10 (38—59) 1
Sex
Male 163 (61.7%) 193 (63.7%) 0.5
Female 101 (38.3%) 110 (36.3%) 0.3
Clinical presentation
Low back pain 240 (91%) 280 (92%) 0.43 0.33
Sciatica 230 (87 %) 255 (84%) -1 0.16
Claudication 180 (68%) 191 (63%) -1.2 0.1
Motor deficit 84 (32%) 92 (30%) —-0.5 0.3
Sensory deficit 190 (72%) 209 (69%) —0.78 0.21
Segmental pathology
1 segment 120 (45%) 131 (43%) —0.48 0.32
2 segments 86 (33%) 97 (32%) —0.25 0.4
3 segments 58 (22%) 75 (25%) 0.84 0.2
Spinal pathology
Discogenic 102 (39%) 118 (39%) 0 0.5
Spondylosis 98 (37%) 115 (38%) 0.25 0.4
Spondylolysis 15 (5.7%) 21 (7%) 0.63 0.26
Spondylolisthesis 49 (18.6%) 49 (16%) —0.82 0.21
Medical comorbidity
Diabetes 36 (14%) 42 (13%) 0.73
Hypertension 53 (20%) 66 (22%) 0.56
Data expressed as mean + SD or number (%). n = patients' number; P > 0.05 = nonsignificant.
Table 2. Operative data of the study patients (n = 567).
Parameters Group A Group B t P value
Operative time/min
All 207.7 + 35 (120—340) 213 + 48 (120—380) 1.51 0.065
1-level surgery 154 + 22 (120—230) 158 + 24 (120—240) 14 0.17
2-level surgery 202 + 27 (160—300) 209 =+ 30 (170—300) 1.7 0.1
3-level surgery 267 + 38 (200—340) 272 + 48 (180—380) 0.7 0.52
Operative blood loss/ml
All 809 + 22 (400—1800) 972 + 26 (500—1800) 8.2 0.0001
1-level surgery 621 + 18 (400—1200) 706 + 23 (500—1400) 3.3 0.001
2-level surgery 766 + 20 (500—1300) 1024 + 27 (550—1700) 7.3 0.0001
3-level surgery 1040 + 28 (700—1800) 1187 + 28 (800—1800) 3 0.003
Operative blood transfusion
All 6 (2.3%) 23 (7.6%) 2.85 0.002
1-level surgery 0 0 0 0
2-level surgery/RBC units 0 8 (8.2%) {2} 2.7 0.0036
3-level surgery/RBC units 6 (10.3%) {2—3} 15 (20%) {2—3} 15 0.065
Screws malposition
Total 52 (3.5%) 55 (2.9%) -0.9 0.17
Mediolateral 30 (2%) 33 (1.7%) -0.6 0.27
malposition
Operative correction 18/30 27133 -0.7 0.23
Craniocaudal
malposition 22 (1.5%) 22 (1.2%)
Operative correction 11/22 14/22
Incidental durotomy
Total 11 (4.2%) 12 (3.96%) —-0.14 0.44
-During screwing 10 (3.8%) 10 (3.3%) —0.32 0.37
-During PLIF 1 (0.4%) 2 (0.66%) 0.42 0.34
Root injury
Total 6 (2.27%) 7 (2.3%) 0.024 0.49
-During screwing 5 (1.9%) 5 (1.65%) —0.23 0.41
-During PLIF 1 (0.4%) 2 (0.66%) 0.42 0.34

Data expressed as mean + SD or number (%); n = patients' number; P > 0.05 = nonsignificant; min: minute; mm: milliliter; RBCs: red

blood cells.
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PSF for posterior instrumentation [11]. The steps of
spinal fusion surgeries may differ according to the
pathological picture of the spine, the type of fusion,
the approach, and the concepts of the surgeon.

The operative time duration showed no significant
difference between the two groups in our study. In
Group A, mean time durations were 154 + 22 min
for one-level surgeries, 202 + 27 min for two levels,
and 267 + 38 min for three levels versus 158 + 24,
209 + 30, and 272 + 48 min in group B. So the
different step sequences do not affect the operative
time duration, as the main time consumed is in the
preparation and decompression steps.

The present study showed significant differences
between the two groups regarding blood loss and
the need for blood transfusion, as group A with the
PSF step before PLIF correlated with less blood loss
and blood transfusion.

One-level surgery showed significant blood loss
in group B, but no patients received blood trans-
fusions in both groups. Two-level surgery showed
significant blood loss in group B, with eight patients
receiving blood transfusions from group B, which
was statistically significant. Three-level surgery
showed significant blood loss in group B, with six
patients receiving blood transfusions from group A
and 15 patients from group B, which was statistically
insignificant.

Estimating intraoperative blood loss is one of the
challenges for doctors. Despite the inaccuracy of vi-
sual estimation by anesthesiologists and surgeons,
this is still the mainstay for estimating intraoperative
blood loss [12]. Intraoperative blood loss is one of the
most challenging issues for all surgeons, with the
sequences of excessive blood loss in patients and the
quality of the operation outcome in some situations.
Blood transfusions has a lot of known hazards,
including disease transmission, allergic reactions,
acute lung injury, volume overload, infections, he-
molytic transfusion reactions, febrile reactions, hy-
potension reactions, dyspnea, and others [13]. Lei
et al. [14] reported a transfusion rate of 11% (11/58,
19%) in their study on PLIF, which included 37 pa-
tients with one level, 19 patients with two levels, and
three patients with three levels of degenerative spine
diseases. The transfusion rates in our study were
2.3% and 7.6% for groups A and B, respectively.

The statistically significant blood loss in group B
in comparison with group A may be explained by
that in group B: the early decompression by lam-
inectomy and dealing with the pathological findings
inside the spinal canal, such as fibrocartilaginous
masses, disc material, or bony and soft tissue
removal during foraminotomy, will lead to bleeding
from many sources, such as the bone and peridural

vasculature. Despite the hemostatic maneuvers by
bipolar cauterization, bone wax, and gel foam, there
are two main reasons for increasing blood loss in
this group: (1) long period of exposure of injured
vessels during PLIF, even with small blood ooze, as
after the step of PLIF, the step of fixation will start
and take time (2); the mechanical effect during
screws insertion will cause some movements of the
spinal segment, which may affect the hemostatic
effect on the exposed tissues of the previous step.
These factors were avoided in group A as the
decompression, and interbody fusion steps will be
late after screw insertion.

Because the volume and complexity of spinal
surgeries are increasing, intraoperative blood loss
management has become a pivotal research topic
within the field. There are many tools for mini-
mizing blood loss in patients undergoing spine
surgery, either in preoperative preparations or
during surgery [15].

In addition to the previous results, we can confirm
some technical insights during this study, the pedicle
screws when inserted before PLIF, allow the use of
the rods for disc distraction that helps curettage of
the disc space, especially in collapsed discs. Also, this
allows insertion of the cage and then compression on
the cage utilizing the pedicle screws and the rod.
These are the arguments for those who insert pedicle
screws before fusion. However, narrow disc space
management during PLIF before pedicle screw
insertion may need more effort with intervertebral
reamers, curettes, bone chisels, and hammers.

Concerning surgical complications, our results
revealed no significant difference between groups
regarding screws malposition (P = 0.17), dural
injury (P = 0.44) or root injury (P = 0.49); but there
was a slight increase in screws malposition per-
centages and also dural and nerve root injuries
during screw insertions in group A (group A; 3.5%,
3.8% and1.9% versus group B; 2.9%, 3.3% and 1.65%
respectively), which can be explained by the fact
that dural exposure before screws insertion may
give more orientation for screw manipulations,
especially when the facet joints are eroded or
extensively hypertrophied, which mask the exact
mediolateral entry point localization and trajectory.

Malposition of pedicle screws can cause damage
to the dural sac or the nerve roots when the pedicle
wall is broken mediocaudally [dangerous zone].
Screw malposition was recorded at 8.1% and nerve
injuries at 5%. Different modalities can be used to
attain the best screw pathway to avoid neural
complications, such as intraoperative fluoroscopy
and computed tomography navigation [16,17].
Whitecloud et al. [18] reported 15% of neurologic
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complications, 5% of which were caused by incor-
rect screw placement.

In our study, dural and root injuries occurred
more often than decompression due to instrumen-
tation. In contrast, Katones et al. [19] reported that
seven cases (6.3%) of dural tears occurred during
the decompression step and none during instru-
mentation. Surgeons adapted to one specific poste-
rior lumbar fusion technique will tend to prefer that
technique, whatever the pathology being treated, or
the number of segments performed [20].

Being a retrospective study design of a single
institution work is the limitation of this study; thus,
a large prospective multicenter study is highly rec-
ommended to validate the best step sequences
during PLIF and PSF surgery.

Conclusion

The data of this study suggest that the lumbar PSF
is preferred before rather than after PLIF as it
significantly reduces operative blood loss and the
need for blood transfusion.
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