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Hidden blood loss and risk factors in percutaneous
endoscopic cervical discectomy
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Cervical disc herniation is caused by degeneration of
cervical intervertebral discs, which can compress the
nerve roots, leading to cervical radicular pain, and the
spinal cord, leading to symptoms such as numbness
of the limbs, fatigue, and unsteady walking.['?
Anterior cervical discectomy and fusion is currently
the standard surgery for the treatment of cervical
disc disease. However, there are some challenges with
anterior surgery, such as limited motion and adjacent
segmental lesions.’* Although artificial cervical disc
replacement can preserve the motion segments, there
are risks of endograft loosening, subsidence, and
heterotopic ossification.>”

With the maturity of spinal endoscopic technology,
posterior cervical discectomy is increasingly used in
the treatment of cervical disc herniation with the
advantages of less trauma and satisfactory efficacy.!
Due to these advantages, some spine surgeons have
overlooked a potential problem known as hidden
blood loss (HBL). This concept was first introduced
in 2000 by Sehat et al.”! and has received increasing
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ABSTRACT

Objectives: The study aimed to evaluate the hidden blood
loss (HBL) and its possible risk factors in patients undergoing
percutaneous endoscopic cervical discectomy (PECD)
via posterior approach to better guide the management of
perioperative anemia in patients.

Patients and methods: The study retrospectively analyzed
the clinical data of 60 patients (33 males, 27 females; mean
age: 55.3+7.9 years; range, 40 to 69 years) treated with PECD
between March 2019 and January 2023. All patients had
cervical disc herniation or radiculopathy. General information
(age, sex, height, weight, body mass index, Visual Analog
Scale pain score, and comorbidities), surgery-related data
(surgical time, number of surgical segments, American Society
of Anesthesiologists score, and blood transfusions), and
laboratory-related results (hemoglobin, hematocrit, albumin,
and blood glucose) of the patients were collected from the
hospital database. The patients' HBL was calculated based on
the patients' height, weight, and hematocrit levels, and then
the risk factors were analyzed by multiple linear regression.

Results: Only five patients underwent two-segment PECD
via a single channel. The mean surgical time and HBL were
110.3+34.0 min and 114.5+50.2 mL, respectively. Six patients
who were not anemic preoperatively developed anemia
postoperatively, and the difference in the incidence of anemia
between preoperative and postoperative periods was statistically
significant (p=0.013). Multiple linear regression analysis showed
that HBL was associated with surgical time and the number of
surgical segments (p<0.001).

Conclusion: Hidden blood loss after PECD may represent a
significant issue, with a risk of causing anemia. The number of
surgical segments and surgical time are independent risk factors
for HBL. Spine surgeons should emphasize the adverse effects of
HBL to ensure the safety of patients in the perioperative period.

Keywords: Hidden blood loss, percutaneous endoscopic cervical
discectomy, posterior approach, risk factors, single-segment cervical
myelopathy.

attention. Numerous studies have shown that HBL
accounts for a considerable proportion of total blood
loss (TBL) in spinal surgery patients.'"® This shows
that the amount of HBL is much higher than surgeons
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think. Clarifying HBL can more accurately estimate
TBL in the perioperative period, which can guide
surgeons' precise treatment and guarantee the safety
of patients in the perioperative period.

Studies on HBL after PECD via posterior approach
are rare in the literature. Therefore, this study aimed
to calculate the amount of HBL during PECD via
posterior approach and determine the risk factors
leading to HBL.

PATIENTS AND METHODS

Sixty patients (33 males, 27 females; mean age: 55.3+7.9
years; range, 40 to 69 years) treated with PECD at the
Third People’s Hospital of Chengdu, Department
of Orthopaedics between March 2019 and January
2023 were included in the retrospective study. The
inclusion criteria were as follows: (i) diagnosis of
cervical disc herniation or radiculopathy with a
single- or double-segment lesion; (ii) receiving PECD
with posterior approach; (iii) being 18 years of
age or older. Exclusion criteria were as follows:
(i) previous cervical spine surgery; (ii) coagulation
disorders or prolonged use of oral antiplatelet drugs;
(iii) use of antifibrinolytic drugs (tranexamic acid

or aminocaproic acid) during surgery. The study
protocol was approved by the Third People’s Hospital
of Chengdu Ethics Committee (date: 03.01.2019, no:
2019-S-11). Written informed consent was waived
given the retrospective, observational nature of the
study and the anonymity of all data. The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

All surgeries were performed under general
anesthesia as per standard procedure (Figure 1).14%)
In the case of a two-segment cervical disc herniation
and the patient's request for PECD via posterior
approach, we used a single-channel procedure for
two-segment disc removal and decompression. We
used the complete blood counts, including hematocrit
(Hct), tested on the third postoperative day to
calculate HBL. This approach was chosen because
the patients' hemodynamics were stabilized and fluid
shifts were largely completed on the second or third
postoperative day.!®!

Patient-related data was collected from the
hospital's electronic medical record system. The
main demographic characteristics, laboratory data,
and surgery-related data, such as age, sex, height,

FIGURE 1. Cervical disc herniation treated by PECD in six of seven patients with cervical disc herniation are presented as
examples. (a) Special posture. (b, ¢) Localization of the lesion segment. (d) Refluoroscopy to confirm the lesion segment after the
establishment of the working channel. (e) Intraoperative disc removal. (f-h) Postoperative imaging indicating that the herniated disc
was removed and decompression was complete.
PECD: Percutaneous endoscopic cervical discectomy.




26

weight, body mass index, Visual Analog Scale pain
score, hemoglobin (Hb), Hct, albumin, blood glucose,
surgical time, number of surgical segments, and
American Society of Anesthesiologists score. The Hb
concentration was used to define anemia (<120 g/L for
females and <130 g/L for males).'”!

We calculated the patient's preoperative blood
volume (PBV) using sex, weight, and height,
according to Nadler et al.® The formula used was
as follows: PBV (L) = k1 x height (m)*+ k2 x weight
(kg) + k3. For males, the k1, k2, and k3 values were
0.3669, 0.03219, and 0.6041, respectively. The k1, k2,
and k3 values for females were 0.3561, 0.03308, and
0.1833, respectively.
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The preoperative and postoperative Hct reflects
TBL in the perioperative period. Therefore, TBL was
calculated according to the Gross’s™ formula: TBL
(L)=PBV (L) x (Hctpre-Hctpost)/ Hetave. The Hetpre was
the initial preoperative Hct, the Hctpost was the Hct
on the third postoperative day, and the Hctave was the
average of Hctpre and Hetpost.

Hidden blood loss was calculated according to the
method of Sehat et al,™ and the visible blood loss
(i.e., sum of intraoperative and postoperative blood
loss) was deducted from the TBL. Since intraoperative
bleeding was minimal and no drains were placed, the
measured blood loss was negligible. Therefore, the
TBL was approximately equal to the HBL.

TABLE |
Patients’ demographic data and related parameters

Variables n Y% MeanzSD
Age (year) 55.3+7.9
Sex

Male 33 55.0

Female 27 45.0
Height (m) 1.64+0.07
Weight (kg) 56.5£6.9
Body mass index (kg/m?) 20.9+2.2
Comorbidity

Hypertension 3 5.0

Diabetes mellitus 12 20.0

Coronary heart disease 4 6.7
Visual Analog Scale 7.2+1.1
Preoperative hemoglobin (g/L) 125.0£8.7
Preoperative hematocrit (ratio) 0.37+£0.03
Preoperative albumin (g/L) 35.6+3.2
Preoperative blood glucose (mmol/L) 5.74+1.18
ASA classification

| 10 16.7

Il 44 73.3

] 6 10.0
Number of surgical segments

1 55 91.7

2 5 8.3
Surgical time (min) 110.3+34.0
Hidden blood loss (mL) 114.5£50.2
Blood transfusion

Yes 0 0

No 60 100
Total 60 100
SD: Standard deviation; ASA: American Society of Anesthesiologists.
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TABLE Il
Changes in hemoglobin and hematocrit levels and frequency of anemia following PECD
Preoperative Postoperative

n Mean+SD n Mean+SD p
Hemoglobin 125.0+8.7 118.9+£9.5 <0.001
Hematocrit 0.37+0.03 0.36+0.03 <0.001
Anemia 30 36 0.013
Total 60 60 =
PECD: Percutaneous endoscopic cervical discectomy.

Statistical analysis RESULTS

All data analyses were performed with the IBM
SPSS version 25.0 software (IBM Corp., Armonk,
NY, USA). The difference between preoperative and
postoperative anemia was measured by a paired
sample t-test. Multivariate linear regression analysis
was performed to identify independent risk factors
associated with HBL, including one quantitative
variable (surgical time) and one qualitative variable
(the number of surgical segments). In the qualitative
variables, a single segment was set as 1, and double
segments were set as 2. A p-value <0.05 was considered
statistically significant.

TABLE Il
Correlation analysis between related factors and HBL

Variables P Correlation
Age 0.502 -0.088
Sex 0.889 0.018
Height 0.822 -0.030
Weight 0.278 -0.142
Body mass index 0.362 -0.120
Visual Analog Scale 0.672 -0.056
Hypertension 0.087 0.223
Diabetes mellitus 0.701 -0.051
Coronary heart disease 0.619 -0.066
Preoperative hemoglobin 0.175 -0.178
Preoperative hematocrit 0.147 -0.190
Preoperative albumin 0.710 -0.049
Preoperative blood glucose 0.549 0.079
ASA classification 0.094 0.218
Surgical time <0.001 0.738
Number of surgical segments 0.001 0.427
HBL: Hidden blood loss; ASA: American society of Anesthesiologists.

About one-fifth of the patients had comorbid
diabetes. Five patients underwent two-segment PECD
under a single channel. Since the visible blood loss
during surgery was minimal, negligible treatment
was required. The mean surgical time and HBL
were 110.3+34.0 min and 114.5+50.2 mL, respectively
(Table I). None of the patients underwent wound
drainage or received blood transfusion.

The mean Hb of the patients decreased from
125.0+8.7 g/L preoperatively to 118.9+9.5 g/L
postoperatively. The prevalence of anemia was 50%
and 60% before and after the operation, respectively,
and the difference was statistically significant
(p=0.013; Table II). Surgical time (p<0.001) and
the number of surgical segments (p=0.001) were
associated with HBL (Table III). Multiple linear
regression analysis showed a positive correlation
between surgical time and number of surgical
segments and HBL (p<0.001; Table IV).

DISCUSSION

Posterior PECD has been recognized as a
minimally invasive procedure over the past decade
due to the incision length of less than 1 cm.?02?
The procedure, using the “K-hole” technique,
provides better exposure to treat existing nerve root
compression caused by lateral disc herniation or
osteophytes.’¥ This procedure has the advantages
of less trauma, less bleeding, faster recovery,
and short hospital stay without destabilizing the
cervical segments. In our study, the mean HBL
was 114.5£50.2 mL. This amount was much higher
compared to the intraoperative visible blood loss.
In addition, we noted that six patients with normal
preoperative Hb developed anemia postoperatively.
In elderly patients, particularly those with
preoperative anemia already present, additional
HBL in the perioperative period may increase the
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TABLE IV
Multiple linear regression analysis of factors influencing HBL following PECD

Independent variables B value SE B t P
Constant —61.662 18.729 - -3.292 0.002
Number of surgical segments 60.114 14.056 0.336 4.277 <0.001
Surgical time 1.010 0.115 0.688 8.755 <0.001
HBL: Hidden blood loss; PECD: Percutaneous endoscopic cervical discectomy; R?=0.656, adjusted R2=0.644, F=54.268, p<0.001; In the qualitative variables, a
single segment was set as “1,” and double segments were set as “2.”

incidence of adverse events. Therefore, it is important
not to ignore the potential impact of HBL in the
perioperative period due to the minimally invasive
nature of the procedure.

Hidden blood loss is wusually attributed to
extravasation of blood into tissues and hemolysis.?*2’!
One study found that approximately 60% of HBL
was attributable to tissue extravasation during
transfusion and 40% to hemolysis.') However,
another study using labeled erythrocytes suggested
that HBL was primarily caused by perioperative
bleeding into the interstitial compartment of the
tissue.?!! Despite these different hypotheses, the risk
factors associated with the amount of HBL have not
been clarified. In the present study, we found that
the amount of HBL was higher in patients with a
long surgical time and two-segment PECD.

The working channel was adjusted to ensure that
two-segment PECD could be accomplished under a
single channel. Although this was a bold attempt,
it was worth exploring from the point of view of
minimally invasiveness and efficacy. However, the
realization of this approach required intraoperative
stripping of the soft tissues on the surface of
the adjacent two-segment vertebral plate, which
increased intraoperative bleeding and artificially
created a larger penetrable tissue compartment,
allowing blood to infiltrate the tissue space. All
of the above may explain why this approach may
cause an increase in HBL, and these explanations
were consistent with the results of a previous study
in patients undergoing total knee arthroplasty.
Therefore, to minimize HBL, prophylactic hemostasis
should be performed intraoperatively, and the
soft tissues should be tightly stripped against the
vertebral plate.

A retrospective study found that in patients
undergoing anterior lumbar interbody fusion,
surgical time and multisegment surgery were
independently associated with HBL.*1 Similar results
were found in our study. It was clear that the longer

the surgical time, the more severe the surgery-related
injury. Therefore, adequate preoperative planning,
careful study of imaging data, and good control
of the extent of laminectomy are necessary to
avoid excessive removal of bony structures causing
bleeding. Moreover, after establishing the working
channel intraoperatively, fluoroscopic confirmation
is necessary to avoid prolonged surgical time and
aggravated soft tissue injury caused by repeated
adjustments due to segmental errors.

Blood management has always been a
major concern for spine surgeons. A series of
intraoperative techniques can reduce blood loss,
such as bipolar electrocoagulation for precise
hemostasis, hemostatic materials such as absorbable
gelatin sponges, and the use of tranexamic acid and
bone waxing for bleeding on the bone surface.?$-3%
For PECD, in addition to the use of radiofrequency
electrodes, precise hemostasis can be achieved
using the traditional open spine surgery methods
described above. These techniques of microscopic
surgical maneuvers are important for the safety of
the procedure.

This study had several limitations. First, this
was a retrospective analysis with a small group of
patients, and further prospective studies with large
sample sizes are needed to confirm our findings.
Second, we calculated HBL on the postoperative
third day based on previous studies, which may
not be the optimal time to perform the metric. More
studies are needed to confirm the correct time to
assess hemodynamic stability. Third, the lack of a
control group was also one of the shortcomings of
this study.

In conclusion, spine surgeons should consider
that patients may develop more anemia in case
of prolonged surgical time or two-segment PECD.
Therefore, HBL needs to be emphasized during
the perioperative period of PECD to ensure patient
safety.
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