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Abstract

Purpose Peri-operative blood loss unaccounted for and post-operative hematocrit decline could have a significant impact on
the outcome of elective spinal surgery patients. The study assesses the accuracy of predictive models of hematocrit decline
and blood loss in spinal surgery and determines the impact of peri-operative fluid administration on hematocrit levels of
patients undergoing first-time single level lumbar fusion surgery for degenerative spine disease and the trend thereof in the
first 24 h post-operatively.

Methods Clinical and biochemical parameters were prospectively collected in patients undergoing single level lumbar spinal
surgery. Predictive models were applied to assess their accuracy in intra-operative blood loss and post-operative hematocrit
decline.

Results High correlation (0.98 Pearson correlation coefficient) occurred between calculated (predicted) and recorded hema-
tocrit from hours 2 to 6 post-operatively. Predictive accuracy declined thereafter yet remained moderate. Patients received an
average intra-operative fluid volume of 545.45 ml per hour (47% of estimated total blood volume). A significant hematocrit
decline occurred post-induction (43.47-39.78%, p < 0.001) with total fluid volume received being the significant contribut-
ing variable (p <0.001). Hypertensive patients were the only subgroup to drop below the safe hematocrit threshold of 30%.
Conclusion Iatrogenic hemodilution can accurately be predicted for the first six hours post-operatively, with high risk patients
identifiable. Fluid therapy should be goal directed rather than generic, and good communication between the surgeon and
anesthesiologist remains the cornerstone to manage physiological changes secondary to blood loss. Although helpful, pre-
dictive formulas are not universally applicable to all phenotypes.

Keywords Hematocrit - Fluid - Spine - Fusion - Anemia

Introduction administration. Several methods exist to detect and predict
these losses and dilution, yet it is accuracy in lumbar spinal
Peri-operative blood loss unaccounted for and post-oper- surgery remains unclear.

ative hematocrit decline could have a significant impact

on the outcome of elective spinal surgery patients. These

losses can occur both through ongoing surgical drain loss ~ Background and literature review

or dilutional anemia due to indiscriminate intravenous fluid

Post-operative anemia has been identified as an independent

risk factor for increased post-operative infection [1]. Spahn

et al. in a systematic review noted the 30-day post-operative

mortality rate to be twice as high in the anemic patient. In

Tygerberg Academic Hospital, University of Stellenbosch, addition, their hospital stay was prolonged by 60%. Purvis

éoslftl}:xzxcilose’ Oude Westhof, Cape Town 7530, et al. echoed this and demonstrated that even after adjust-
ing for competing peri-operative confounders, percentage

decrease in hematocrit was an important risk factor for the

development of hospital-acquired infections (including sur-

gical site sepsis), thrombotic events and ischemic events
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[2]. They identified the first 24 h as having the highest risk
of developing anemia, as well as respiratory complications
such as atelectasis in up to 57% of patients [1-3].

Hemodilution secondary to excessive fluid administration
is associated with adverse tissue healing after surgery [4].
The mechanism involves increased capillary leak, inducing
edema and a state of impaired oxygen and metabolite dif-
fusion, more prevalent in the critically ill patient. Further
distorted tissue architecture and obstruction of capillary
blood flow and lymphatic drainage can occur resulting in
disturbed intercellular interactions with potential progressive
organ dysfunction [5].

The goal of intra-operative fluid administration is to
maintain euvolemia during the surgical procedure, with
excessive fluid administration resulting in a pseudo- or dilu-
tional anemia. Intra-operatively it remains the responsibil-
ity of both the surgeon and anesthesiologist to recognize
proportional blood loss, typically by visual estimation of
soiled swabs and suctioned blood volumes. This method is
recognized as crude with estimations being inaccurate with
up to 50% overestimation in volume, more so in moderate
losses (<500 ml) [6]. Guinn et al. emphasized this by dem-
onstrating that the mean estimated blood loss by anesthe-
sia providers exceeded measured blood loss by 40%. They
further noted that estimated blood loss was nearly always
greater than measured blood loss, regardless of the total
blood volume lost [7].

At greater risk are hypertensive patients. They are known
to have a drop in mean arterial pressure during induction,
compensated for by larger fluid boluses, placing them at
greater risk for hemodilution [8]. Obesity in spine surgery
too deserves special attention having consistently been
shown to be an independent risk factor for both increased
intra-operative blood loss and prolonged surgical time with
total body weight influencing fluid administration [9].

Existing formulas to calculate blood loss typically include
predicted total blood volume and utilizes amongst others
pre- and post-procedural hematocrit values, considering that
intra-operative visual estimation of blood loss is notoriously
inaccurate [10]. Two formulas considered to be most appli-
cable for these purposes are Nadler’s formula for total blood
volume and Gross’s blood loss formula [10, 11], yet a bias
exist toward overestimation of the latter [10]. A strong cor-
relation exists between estimated and actual blood volume
when using Nadler’s method [11] (though this information
in isolation provides little benefit) [11].

The incidence of hemodilution in the surgical intensive
care unit (ICU) during the post-operative period is poorly
defined, yet it too can result in increased rates of pulmo-
nary congestion, poor wound healing and delayed recov-
ery adversely affecting outcome [12]. In ICU, hematocrit
is monitored by arterial blood gas (ABG) evaluation with
value of 30% being accepted as a safe threshold for elective
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surgical patients [13, 14]. Typically a starved post-operative
patient has a defined fluid administration prescribed, often
a per-weight calculation. Lahsaee et al. demonstrated that
over a 105-min time period, 158.ml of 0.9% normal saline
resulted in a mean hematocrit decline of 1% in adult patients
[15].

Post-operative drain losses have been proposed as a
potential source of ongoing blood loss, however this remains
disputed in the literature [16]. Zou et al. reported on 183
lumbar spinal fusion surgery patients who had a mean sur-
gical drain volume of 176 ml at 24 h. They emphasized
that this volume was not pure blood, but included serous
fluid and residual intra-operative wash, having no effect on
hemoglobin or hematocrit [17]. Spinal fusion surgery has
been identified as a high risk procedure for hemoglobin and
hematocrit decline. In reviewing 532 patients undergoing
lumbar spinal fusion, Grant et al. noted a greater risk of
intra-operative blood loss and a mean positive peri-operative
fluid balance of 3400 ml [16]. This impressive positive fluid
balance alone places patients at much greater risk for large
fluctuations in hematocrit before considering procedural
blood loss [16].

If a patient’s immediate post-operative hematocrit value
as well as the exact volume of intravenous fluid administered
is known, one should theoretically be able to predict hema-
tocrit decline in the post-operative period. This is valuable
in attempting to maintain hematocrit values above the 30%
safe threshold. No such literature assessing this predictive
model in spinal surgery patients exists.

Study aims and objectives

The study aims to assess the accuracy of predictive models
of both hematocrit decline and blood loss in spinal surgery
and determine the impact of peri-operative fluid administra-
tion on hematocrit levels of patients undergoing first-time
single level lumbar fusion surgery for degenerative spine dis-
ease, and the trend thereof in the first 24 h post-operatively.

Methodology
Materials and methods

A retrospective analysis of a prospectively collected cohort
of patients undergoing first-time single level lumbar fusion
surgery was conducted on patients’ time-matched clinical
and biochemical parameters in the Department of Neurosur-
gery at Tygerberg Academic Hospital in Cape Town, South
Africa. Institutional and ethical approval was obtained under
the number S20/01/019.
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Inclusion criteria

Adult patients admitted for first-time elective single level
spinal fusion surgery for degenerative pathology were
included. All patients spent a minimum of 24 h in the Inten-
sive Care Unit. Co-morbidities were noted and patients were
only included if the co-morbidity was controlled.

Exclusion criteria

Pediatric patients (under the age of 18); patients with previ-
ous lumbar surgery and those with uncontrolled co-morbid-
ities were excluded from the study. Patients who were found
to be newly diagnosed or poorly controlled hypertensives
following admission for surgery were also excluded.

Data collected

Details collected included the following: Anthropomet-
ric measurements and BMI calculation (obesity defined
as BMI > 30, severe obesity defined as BMI > 35), hyper-
tensive history and control, hematocrit values taken at 12
standardized time points peri-operatively (immediately pre-
operatively and at post-operative hours 1, 2, 3, 4, 6, 8, 10,
12, 16, 20, 24), intra-operative blood loss, post-operative
surgical site drain loss and all fluid input and output dur-
ing the first 24 h post-operatively (including urine output).
Arterial blood gas analysis was performed on the same cali-
brated machine. The peri-operative period was defined as
the period of time from the initiation of anesthesia until the
time at which the patient was discharged from the recovery
unit and sent to the ICU.

Intra-operative blood loss was calculated by recording
blood loss in suction units at the end of the procedure and
correcting for the volume of saline wash used during the pro-
cedure. Surgical swabs and drapes were assessed for occult
blood loss and documented.

Formulas used

Estimated total blood volume was calculated using Nadler’s
formula; (height(m)3 % 0.367) + (weight (kg) X 0.032) +0.604
(for males), or (height(m)3 X 0.356) + (weight
(kg) x0.033) +0.183 (for females).

Estimated blood loss was calculated using Gross’ for-
mula; Total blood loss = Estimated blood volume x (pre-
operative hematocrit—post-operative hematocrit)/average
hematocrit. Calculated values were compared to actual
recorded blood loss.

Estimated post-operative hematocrit decline was calcu-
lated by subtracting 1% from the immediate post-operative

hematocrit value for every 158.1 ml of normal saline
administered. These calculated values were compared to
recorded blood gas analysis values.

Values obtained from the above calculations were com-
pared to actual recorded values and analyzed by means
of Pearson correlation coefficient to assess for a linear
correlation.

Numerical data is described using means (with stand-
ard deviations) or medians (with quartiles) if the data was
skewed. All statistical procedures were described using
Microsoft Excel with the PhStat add-in (version 2.5) and
STATA (version 12.0).

Results
Demographics

A total of 38 patients were included in the study (10 males,
28 females). Eighteen patients had pre-existing hyperten-
sion. BMI was categorized as under 30 kg/m” (15 patients),
30-35 kg/m? (14 patients) and over 35 kg/m? (9 patients).

Blood Loss

The mean observed intra-operative blood loss was
501.35 ml (median 500 ml, range 150-1100 ml). Mean
post-operative surgical drain volume was 208.26 ml with
an average total blood loss (peri-operative and drain loss)
of 709.61 ml over the first 24 h (18.9% of patients’ propor-
tional total blood volume).

Hematocrit decline

Mean pre-operative hematocrit was 43.47% (median
42.45%, range 26.3-55.2%).

A significant decline of 3.69% occurred prior to skin
incision to 39.78% (P < 0.001). Hematocrit decline con-
tinued until 20 h post-surgery to a mean value of 32%
(Fig. 1).

High correlation occurred between calculated (predicted)
and recorded Het from hours 2 to 6 post-operatively (highest
2 h post-operatively at 0.938 correlation). Predictive accu-
racy declined thereafter from hour six post-operatively and
continued down to hour 24 (correlation coefficient of 0.630)
(Fig. 4).

Moderate correlation existed (Pearson correlation
values of 0.537 and 0.587, respectively) between calcu-
lated and measured blood loss at immediately, and 24 h
post-operatively.
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Fig.1 Change in median hematocrit percentage for study popula-
tion shown at analyzed time intervals. The first two time points dem-
onstrate hematocrit value immediately pre-operatively and second
immediately post-induction of anesthesia and prior to commencement
of surgery
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Fig.2 Change in median hematocrit percentage for study population
shown at analyzed time intervals comparing hypertensive to normo-
tensive participants. The first two time points demonstrate hematocrit
value immediately pre-operatively and second immediately post-
induction of anesthesia and prior to commencement of surgery

Subgroups

Hypertensive: Mean pre-operative hematocrit was
40.3%, dropping by 2.02% to 38.28% immediately
post-induction (P =0.093). 22% dropped below 30%
safe threshold.

Normotensive patients: A significant mean decline in
hematocrit of 3.01% from 44.16% to 41.15% (P <0.001)
was observed (Fig. 2). No drop below the 30% safe
threshold was observed.

BMI < 30 kg/m?*: A significant drop of 2.27% (p <0.001)
was observed.

BMI > 30 kg/m?, < 35 kg/m’: A significant drop of 2.33%
(p <0.001) was observed.

BMI > 35 kg/m*: No significant drop noted.
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Fluid volumes

Average peri-operative fluid administered was 1695.03 ml,
equating to 47% of the patient’s estimated total blood vol-
ume over an average time of 138.7 min. 74% was delivered
intra-operatively (average 1260.9 ml) and 26% (average
434.13 ml) administered in the recovery unit prior to trans-
fer to the intensive care unit. Average volume per hour peri-
operatively is 545.45 ml. Mean urine output peri-operatively
was 381.25 ml. During the total study time in ICU (24 h)
patients received a mean fluid volume of 2306.7 ml (96.1 ml
per hour) with an average urine output of 1246.2 ml (no dif-
ference in BMI grouping and fluid administered).

Total proportional volume of fluid received (i.e., volume
of fluid received as a percentage of total blood volume)
proved to be the most significant variable in accounting for
drop in Hct in both uni- and multivariate analysis with larger
volumes resulting in larger Het decline (P < 0.001). (Fig. 3).

Intra-operative fluid administration Subgroups:

Hypertensive: Mean intra-operative fluid volume of
1342ml (33.85% of their estimated total blood volume)
(Table 1)

Normotensive patients: Mean intra-operative fluid vol-
ume of 1142.3ml (29.74% of their estimated total blood
volume) (Table 1)

BMI < 30kg/m*: Mean intra-operative fluid volume of
1007.1ml (28.9% of total blood volume (Table 2)

BMI >30kg/m?, <35kg/m?: Mean intra-operative fluid
volume of 1345.8ml (31.56% of total blood volume)
(Table 2)

BMI > 35kg/m*: Mean intra-operative fluid volume of
1442.9ml (35.79% of total blood volume) (Table 2)

Discussion

Posterior lumbar spinal surgery presents several challenges
to both the anesthetist and surgeon affecting blood pressure
and bleeding of the surgical site (Fig. 4). Even before any
surgical intervention, the prone position itself affects numer-
ous physiological parameters. It increases intra-abdominal
pressure, compromises pulmonary compliance and causes
alterations in peak airway pressures [18]. The above results
in decreased venous return with subsequent engorgement
of collateral veins (increasing blood loss) and a decrease in
cardiac output [19]. By means of trans-oesophageal echocar-
diography and pulmonary arterial pressure measurement, the
prone position has been proven to significantly reduce stroke
volume, cardiac output and cardiac index [20, 21]. Although
surgeons typically take utmost care to prevent abdominal
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Fig.3 Change in median
hematocrit percentage plotted
against volume of normal saline
received by patients expressed °
as a proportion of their total
blood volume. The red line
demonstrates the trend of hema-
tocrit decline as proportionally
more fluid is administered
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Table 1 Volume of fluid received by normotensive and hypertensive
patient subgroups. Peri-operative fluid represents fluid received dur-
ing the surgery only and post-operatively in the 24 h following sur-
gery in the ICU setting. These values are also demonstrated as a per-
centage of the patients’ total blood volume

Peri- Post- Percentage of Blood

operative  operative  Volume Received Intra-

fluid Fluid operatively (%)
Hypertensive 1342.1 1930 33.85
Non-hypertensive  1142.3 2585.4 29.74

Table2 Volume of fluid received by patient subgroups categorized
by BMI. Peri-operative (during surgery) and post-operative (for 24 h
in the ICU setting) were measured for each group and also expressed
as a percentage of their respective blood volumes

BMI Peri-opera-  Post-opera-  Percentage of blood volume
tive fluid tive fluid received intra-operatively
(%)
<30 1007.1 2151.8 28.90
30-35 1345.8 2187.8 31.56
>35 1442.9 2373.6 35.79

compression during prone positioning, it is well anticipated
for by anesthesiologists and prevented by a higher fluid
administration volume.

Hypertensive patients are generally accepted to be
approximately 10% intravascularly depleted when com-
pared to the general population [22]. Induction of anes-
thesia results in a loss of vasomotor tone, leading to a
drop in the MAP which is exaggerated in the hypertensive
population, and which is compensated for by a fluid pre-
load [7]. This was seen in our results with the hypertensive

20.00 40.00 60.00 80.00

Percentage of Blood Volume Received as Fluids

0,95
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08

0,75

Pearson Correlation

0,7
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1 2 3 4 6 8 10 12 16 20 24

Hours Postoperative

Fig.4 Calculated post-operative hematocrit value versus actual meas-
ured hematocrit value expressed as a Pearson correlation value. The
accuracy of these calculated values is demonstrated for each analyzed
time point in the post-operative period

population receiving 17% more intra-operative fluid than
non-hypertensives, resulting in 22% of these patients
dropping to below a hematocrit of 30% immediately post-
induction, prior to any surgical blood loss, and 30% being
accepted as the safe threshold for elective surgery [5, 9].
In the non-hypertensive group, not a single patient had a
significant hematocrit drop (< 30%) post-induction.

In obese patients, the weight increase is disproportion-
ate to the intravascular volume, yet the latter is often erro-
neously over-estimated resulting in larger fluid volume
administration. Severely obese patients received 7% more
proportional volume than their counterparts with normal
BMTI’s. This could be explained by the fact that fluids were
administered based on total body mass as opposed to total
actual blood volume, pointing to the fact that fluid use is
often more generic rather than targeted.
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With surgical blood loss typically over-estimated, par-
ticularly if communication between the surgeon and anes-
thesiologist is poor, fluid over-administration can easily
occur, notwithstanding pre-existing fluid administration in
prone positioned, hypertensive or obese patients, particu-
larly if not physiologically relevant. [20] In a lengthy pro-
cedure, repeat ABG analysis is helpful, yet in the studied
procedure (single level lumbar fusion surgery) the surgical
time is too short. Accurately predicting blood loss allows
for improved patient counseling on risks and more targeted
fluid therapy. The use of formulae to achieve this seems
a simple solution, however this method has been shown
to grossly inaccurate. Jaramillo et al. compared directly
observed blood loss with calculated blood loss using six
different formulae. They noted that all formulae had a bias
toward gross overestimation, but that Gross’ blood loss
formula proved most valuable for predicting blood product
transfusion needs [10]. In contrast, accurate estimation of
total blood volume appears completely plausible. Donovan
et al. demonstrated a strong correlation between estimated
and measured total blood volume (Though this information
in isolation is of little value).

When applying Gross’s blood loss equation to estimate
blood loss to guide fluid administration to our data set, the
correlation to actual loss was moderate at best between
estimated and actual blood loss values. This is not unex-
pected—these formulas assessing static parameters (i.e.,
patient weight, height, gender, etc.) are unable to provide
consistently reliable estimates for patients across a wide
spectrum of phenotypes. Approaches using dynamic patient
parameters (stroke volume variance, pulse pressure variance,
etc.) allow real time physiological changes to dictate fluid
therapy. This constitutes the underlying principle of goal
directed fluid therapy—a method with growing evidence to
support its efficacy and safety in spinal surgery.

Goal directed fluid therapy (GDFT) aims to direct peri-
operative vasopressor and fluid administration to mitigate
unnecessary and dangerous hemodynamic changes and
has demonstrated improved post-operative recovery and
decreased length of stay [23, 24]. GDFT utilizes dynamic
parameters such as pulse pressure and stroke volume varia-
tion to administer a uniquely tailored fluid volume for each
patient. It was previously thought to be useful only for a
select group of patients with very specific volume require-
ments (cardiac), yet recent literature supports it becoming
more common practice for a wider array of surgical proce-
dures and patients—including spinal surgery [25].

Overall, our patients received a mean fluid volume equiv-
alent to 42% (ranging from 19 to 71%) of their estimated
total blood volume over the course of the procedure (roughly
2 h). Post-operative fluid administration was generic rather
than tailored to specific body weight, typically approxi-
mately 90 ml per hour in the high or intensive care units.
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Predictive modeling for the hematocrit decline and blood
loss yielded mixed results in our study. Hours 2 to 6 post-
operatively showed high prediction accuracy followed by a
subsequent linear decline thereafter. This indicates a period
where urinary diuresis has not yet satisfactorily compensated
for peri-operative fluid overloading. The accuracy decline
would then represent compensatory mechanisms, likely
unique for each individual.

The treating surgeon must actively assess for and avoid
fluid overload during the patient’s admission. Pre-opera-
tively, patients should be starved for as short as possible and
receive intravenous fluids when indicated so as to mitigate
post-induction hypotension. Peri-operatively, correct patient
positioning to facilitate venous return should be accommo-
dated as far as possible. Blood loss should be measured
objectively and communicated to all team members. Post-
operatively, early initiation of enteral feeds and cessation of
intravenous fluid remains a simple and effective method to
avoid unnecessary fluid administration.

Limitations

The study group was healthy with controlled co-morbidities
thus the subgroups of hypertension and obesity were not
recruited in that fashion. The study period was 24 h only
for the hematocrit values. The sample size analyzed in this
study was only 38 patients. Future studies enrolling larger
patient numbers with co-morbidities as inclusion criteria
would yield further valuable information.

Conclusion

Iatrogenic hemodilution can accurately be predicted for the
first six hours post-operatively, with high risk patients iden-
tifiable. Fluid therapy should be goal directed rather than
generic, and good communication between the surgeon and
anesthesiologist remains the cornerstone to manage physi-
ological changes secondary to blood loss. Although help-
ful, predictive formulas are not universally applicable to all
phenotypes.
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