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Abstract

Background: Major procedures in spine are accompanied by elevated intraoperative blood loss which often results in the need of blood transfusions. A prolonged
hospital stays as well as at the intensive care unit are cost-sensible factors.

Purpose: The aim of this study was to determine a possible correlation between the intraoperative blood loss and the duration of the intensive care unit treatment,
and the overall hospital stay.

Patients and Methods: This study presents a retrospective analysis of 253 patients treated in our spine surgical ward in 2018. To analyse a possible correlation the
tests of Pearson’s, Spearman rho’s and Kendall-Tau-b’s were used.

Results: The intraoperative blood loss showed a significant correlation towards the duration on the intensive care unit (ICU) in both Spearman’s rho and Kendall
Tau-b’s. Analysis of the correlation between intraoperative blood loss and overall length of hospital stay using Pearson’s showed a direct correlation with a correlation
coeflicient of 0.155.

Conclusions: This study shows a correlation between intraoperative blood loss both with the duration of intensive care unit treatment and the overall hospital stay

which illustrates the financial impact of elevated intraoperative blood loss.

Level of evidence: 2

Introduction

Intraoperative blood loss and blood transfusions lead to a higher
mortality as well as prolonged hospital stay. Preventive measures like
the use of a cell-savage or minimally invasive surgeries have been
established for years in order to reduce both [1]. After various leads the
tranexamic acid has proven to be efficient as a competitive synthetic
lysin derivate which inhibits its binding on plasminogen and therefore
fibrinolysis since 1964 [2,3].

In orthopaedics, spine surgery is prone to long procedures with a
greater blood loss [4].

Rampersaud et al. demonstrated its relevancy to health care costs
because of its amount: $330 million (CDN) were spent in Ontario,
Canada, on patient care regarding spinal conditions (including
degenerative/traumatic  aetiologies, outpatient visits/emergency
department/imaging) [5]. Beckerman et al. showed that in single-
level lumbar fusions 9% (lateral transpsoasfusion (“lateral’—extreme
lateral [XLIF]/direct lateral [DLIF]/lumbar lateral [LLIF]) to 17,6%
(posterolateral fusion) of overall direct health care costs were solely for
room and care [6].

Therefore, cost analysis in patient care regarding the overall length
of the hospital stay and frequent intensive care unit (ICU) stays of their
patients is justified. This study aims to analyse a possible correlation
between intraoperative blood loss and duration of the intensive care
treatment (ICU) and the overall hospital stay in posterior and ventral
thoracolumbar fusions, ventral cervical fusions, and thoracolumbar
spinal body replacements in 2018.
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Methods

To assess the economic impact of a higher blood loss on blood
transfusions, intensive care unit stay (ICU) and overall length of
hospital stay in adult spine surgery we retrospectively analysed
the cases treated at our level one spine centre in 2018 in adult spine
surgery. Major surgical procedures such as dorsal or ventral fusion of
the thoracolumbar spine, ventral cervical fusions and thoracolumbar
vertebral body replacements were included because of expected
blood loss. Every patient who underwent these procedures in 2018
was included and analysed retrospectively, minor spinal operations
such as discectomy, dorsal selective decompression, or facet joint
thermocoagulation were excluded.

To measure a possible significant relation, Pearson’s, Spearman’s rho
and Kendall Tau-b’s were used. The results are shown in linear diagrams.

Our local ethics committee’s appointed number for the study is
136/20 and they approved with this study.
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Results

A total of 253 patients underwent elective and urgent
spinal procedures because of degeneration, scoliosis, infections
(spondylodiscitis and spondylitis), cancer or fractures. In 21 patient’s
cancer and in 33 an acute spinal infection was the indication for surgery.

122 women and 131 men could be included with a mean age of
65,58 years.

The mean level of the procedure was 3,04 and the mean blood loss
1077.69 ml (sum: 242480ml; standard variation: 1.431.41). Overall
hospital stay was 13.52 days in average (sum: 3420 days; standard
variation: 10.26) and the patients stayed a mean of 1.26 days on the
intensive care unit (ICU; sum: 318 days; standard variation: 4.64). Nearly
every third patient required a red blood transfusion: 83 erythrocyte
transfusions (with 78 patients in total who needed a transfusion), 68
platelet transfusions.

The Pearson’s correlation analysis showed no correlation between
blood loss and duration of intensive care unit treatment (ICU;
correlation coefficient 0.107).

The intraoperative blood loss showed a significant correlation
towards the duration on the intensive care unit (ICU) in both Spearman’s
rho and Kendall Tau-bs. In Spearman’s rho the correlation coefficient
(between intraoperative blood loss and the stay at the intensive care
unit; ICU) was calculated with 0.212 and therefore significant. The
Kendall Tau-b’s correlation test was calculated 0.168, which proved to
be significant as well.

To further demonstrate the calculated correlation, the two patients
with treatment on the intensive care unit for more than 25 days were
excluded for the next scatter diagram. Still, each patient was drawn into
the correlation calculation above. The results are shown in figure 1.

Analysis of the correlation between intraoperative blood loss and
overall length of hospital stay showed different results. Pearson’s showed
a direct correlation with a correlation coefficient of 0.155.

To further analyse a possible correlation between intraoperative
blood loss and overall length of hospital stay Spearman’s and Kendall
Tau-bs were used as well.

A positive correlation between intraoperative blood loss and
overall hospital stay in days could be found as well. Spearmen showed
a significant correlation coefficient of 0.181 and Kendall Tau-b’s 0.130.

These results are visualized in the scatter diagram of figure 2.

The correlation analysis between the duration of intensive care unit
treatment (ICU, in days) with the overall hospital stay was significant
in all three correlation tests. The Pearson’s correlation coefficient was
determined as 0.369.

The Spearman’s rho revealed a lower correlation coefficient but
proved to be significant as well (P=0.297) while the Kendall tau-bs
showed similar results (p=0.238).

Visualized in a scatter diagram in figure 3, a positive correlation
between intensive care unit treatment and overall hospital stay could
be confirmed.

Discussion

Elective spine surgery is prone to a large amount of blood loss
resulting in frequent transfusions and a prolonged hospital stay as well
as need of intensive care surveillance. Therefore, reducing the former is
a possibility to decrease a patients’ care expenses.

Varney and Guest examined the actual cost of blood transfusions
in the United Kingdom in 2000/2001 being 898 million British pounds

Scatter diagram of the intraoperative blood loss in ml and treatment on the intensive care unit (ICL
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Figure 1. The scatter diagram shows the intraoperative blood loss (in ml) and intensive care unit treatment (ICU, in days) excluding patients with stay on the ICU for more than 25 days
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Scatter diagram of the intraoperative blood loss in ml and overall hospital stay in days
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Figure 2. The scatter diagram focuses on the intraoperative blood loss (in ml) and overall hospital stay (in days)

Scatter diagram of the treatment on the intensive care unit (ICU) in days and the overall hospital
stay in days

@
.
(1} L
3
L ]
- &0
B .
= .
-]
= L ]
= 4
) '
o L ]
T owpe
= 3 1-
o .
w a®
= [ ] [ ]
£ .lI .
. M .
L ]
1@ . - *
bt &
] .
. L ]
| ]
a
a 1@ 4] aa 40 &0

ICU {in days)

Figure 3. The scatter diagram portrays a patient’s duration of intensive care unit treatment (ICU, in days) and overall hospital stay (in days)
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in total and 635 British pounds per transfusion of red blood cells, £378
for fresh frozen plasma, £347 for platelets and £834 for cryoprecipitate.
When regarding the length of the hospital stay because of blood
transfusions Varney and Guest found a total of 749 348 adult inpatient
bed days for transfusions which equal £328 214 424. In summary,
2000/2001 the costs of prolonged hospital stay in total were £592 686
798 [1]. In addition to direct cost for the patients ‘treatment the health
care system experiences an indirect loss of the donors ‘productivity of
approximately £7 196 597 [1]. Hence, high intraoperative blood loss
resulting in frequent blood transfusions equal a prolonged overall
hospital stay as well as the indirect health care costs such as economical
deficits because of the donor’s absence from work for example.
This stated relation could be verified by this study with a significant
correlation in the Pearson’s, Spearman’s rho and Kendall tau-b’s tests.

Dasta et al. analysed the daily costs of intensive care unit patients
being the highest on day one with $6,667 (ventilated: $10,794) and
the lowest from the third day ongoing at $3,184 per day (mechanical
ventilation $3,184) in Ohio, United States of America. Therefore, the
authors argue that reducing intensive care necessity means an overall
decrease in the patients’ expenses [7]. Health expanses vary among
different countries and therefore data from Greece shall be mentioned
as well. Karabatsou et al. described in their retrospective analysis of
patients admitted to their ICU an average cost of 573.18€ per day [8].
A major criticism of this research is the lack of distinction between the
admitted patients of surgical or other disciplines.

The cost per patient per day at an intensive care unit in Germany
can be expected to be similar to the presented results of Greece.
Regarding our patients in 2018, patients were on 1.26 days on our
intensive care unit which equals nearly 722,21 €. This calculation is
made without any possibly needed blood transfusion. Our patients
needed red blood cells in nearly 1 to 3 cases which equals £211,67
(229,10€) per patient. Therefore, a rounded sum of 950 € is a potential
cost reduction if intraoperative blood loss is reduced to a minimum.
This being said, other reasons for the need of postoperative observation
on the ICU have to be considered. Still, a high amount of intraoperative
blood loss and its impact on physical stress on heart and circulation can
be assumed. As shown in our results, a significant correlation between
intraoperative blood loss and duration of stay on the intensive care
unit was proven by Spearman’s rho and Kendall tau-b’s tests (though
Pearson’s showed no linear correlation between these two variables). A
significant correlation between treatment on the intensive care unit and
overall length of the hospital stay could be observed as well but must be
interpreted with caution with the first being part of the latter.

Chimento et al. argue that early mobilization is key to a good
outcome after surgery. If the blood hemoglobin levels are higher the
patient is more likely to take an active role in early mobilization and
therefore can be discharged at an earlier stage and may experience
a higher satisfaction with the result [9]. In comparison with hip or
joint arthroplasty after which the patient will receive an intensive
rehabilitation care the ones having been operated on their spine only
receive outpatient physical therapy which is usually once or twice a week
for 20 minutes in Germany. Often the waiting period for appointments
result in 1-3 weeks of no therapy at all. Therefore, an early and effective
inpatient physiotherapy following spine surgery is key to a better
outcome and should be supported by the treating surgeon. Measures to
reduce intraoperative blood loss resulting in higher blood hemoglobin
levels postoperatively, such as tranexamic acid, could be a rewarding
opportunity to maximize the physiotherapy’s impact on the first days
after the procedure. A lack of mobilization often results in a prolonged
hospital stay in order to enable a discharge.
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The relevancy of cost reduction can be shown by many existing
publications by authors such as Lubelski et al. They developed a web
tool to analyse postoperative stay and possibility of need for non-
home discharge after analyzing their patients treated for various spinal
diseases in the first half of 2008 (not only the major operations as in
this study). They found that age, marriage status and insurance were
significantly related to an overall length and discharge disposition [10].
In combination with this paper’s findings predicting and reducing
a possible prolonged hospital stay can result in cost efficiency both
in a direct and indirect (early mobilization) matter. Beckerman et
al. found in their retrospective analysis of single-level lumbar fusion
patients between 2008 and 2012 in California, United States, that 11%
of all a spinal patient’s health care costs are solely room and care on a
specialty orthopaedic (non-intensive care or stepdown) unit. Therefore,
a reduction of the needed overall hospital stay remains a sensible
opportunity to reduce expenses. Intensive care unit and stepdown ward
took 1.2% of the overall treatment cost [6].

Conclusion

Major spinal procedures remain prone to high amounts of
intraoperative blood loss which lead to frequent blood transfusions,
intensive care treatment and prolonged overall hospital stay. This study
showed a significant correlation between intraoperative blood loss
and stay on the intensive care unit as well as the length of the overall
hospital stay by a retrospective analysis of 253 patients treated in 2018.
Especially the correlation between an elevated intraoperative blood
loss and the length of the overall hospital stay could be shown via
the calculation of Pearson’s, Spearman’s rho and Kendall Tau-b’s tests.
Therefore, a reduction of intraoperative blood loss results in an overall
cost reduction in health care and should be considered a sensible tool.
Besides, blood loss can be viewed as an outcome parameter for the early
postoperative phase.
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