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Why Cannot Suction Drains Prevent
Postoperative Spinal Epidural Hematoma?

Dong Ki Ahn, MD, Won Shik Shin, MD, Jin Woo Kim, MD, Seong Min Yi, MD

Department of Orthopedic Surgery, Seoul Sacred Heart General Hospital, Seoul, Korea

Background: Postoperative spinal epidural hematoma (POSEH) is different from spontaneous or post-spinal procedure hematoma
because of the application of suction drains. However, it appeared that suction drains were not effective for prevention of POSEH
in previous studies. The purpose of this study was to test our hypothesis that POSEH can be caused by hypercoagulability.
Methods: This was an experimental study. One hundred fifty milliliters of blood was donated from each of the 12 consecutive
patients who underwent spine surgery and infused into 3 saline bags of 50 mL each. One of the 3 bags in each set contained 5,000
units of thrombin. All of them were connected to 120 + 30 mmHg vacuum suctions: drainage was started 8 minutes after connec-
tion to the vacuum system for 12 normal blood bags (BV8) and 12 thrombin-containing blood bags (TBV8) and 15 minutes after con-
nection for the remaining 12 normal blood bags (BV15). The amount of initial and remaining hematoma at 20 minutes, 120 minutes,
and 24 hours after vacuum application were measured by their weight (g). The primary endpoint was the difference between BV8
and TBV8. The secondary end point was the difference between BV8 and BV15.

Results: The remaining hematoma in TBV8 was significantly greater than that in BV8 at all measurement points: 46.3 + 12.4 vs.
17.0 + 1.3 (p = 0.000) at 20 minutes; 33.0 + 8.2 vs. 16.3 + 1.2 (p = 0.000) at 120 minutes; and 26.1 + 4.0 vs. 15.8 + 1.6 (p = 0.000) at
24 hours after vacuum application. The remaining hematoma of BV15 was significantly greater than that of BV8 at all measure-
ment points: 30.0 + 12.0 vs. 17.0 + 1.3 (p = 0.002) at 20 minutes; 24.2 + 7.6 vs. 16.3 + 1.2 at 120 minutes (p = 0.002); and 22.2 + 6.6
vs. 15.8 + 1.6 (p = 0.004) at 24 hours after vacuum application.

Conclusions: With a suction drain in place, the amount of remaining hematoma could be affected by coagulability. Thrombin-
containing local hemostatics and the length of time elapsed before the commencement of suction resulted in hypercoagulability,

indicating these two factors could be causes of POSEH.
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Postoperative spinal epidural hematoma (POSEH) is not
common but can lead to serious neurological sequelae.
The magnitude of dural compression sufficient to induce
symptoms of epidural hematomas has not been clearly
elucidated. Though there is a wide spectrum of charac-
teristics of POSEH, it is largely divided into two types
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depending on the presence of symptoms (symptomatic
and asymptomatic). Many surgeons are reluctant to use
antiplatelet drugs perioperatively under the assumption
that bleeding tendency and hypocoagulability would in-
crease the risk of POSEH.” Most previous studies on risk
factors for spinal epidural hematomas have focused on the
bleeding tendency; however, they have failed to demon-
strate it as a risk factor at least for POSEH.” POSEHs are
considered different from spontaneous and post-epidural
catheterization hematomas because of the application of
suction drains in most spine surgeries. More bleeding does
not necessarily result in a greater volume of remaining he-
matoma if a suction drain functions well. Careful and me-
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ticulous hemostasis is different from hypercoagulability of
extra-vascular blood. In our experience, POSEH occurred
more often when local hemostatics were used. Thus, we
presumed that hypercoagulability of extra-vascular blood
induced by local hemostatic agents or a prolonged delay in
connection to the vacuum system would inhibit appropri-
ate function of suction drains, increasing the volume of
remaining hematoma. In this study, we hypothesized that
if coagulability is increased by local hemostatic agents or
if extravascular blood is clotted more by a delay in drain-
age, the amount of remaining hematoma would increase.
To test our hypothesis, we conducted an experiment using
models that seemed similar to a postoperative epidural in-
cisional space.

METHODS

This was an experimental study using the blood of 12 pa-
tients who underwent spine surgery in July 2015. Written
informed consents were received from all patients who
willingly donated their blood for the current study con-
ducted with approval of the Institutional Review Board
of Seoul Sacred Heart General Hospital. Patients who
were under 60 years of age and over 80 years of age were
excluded. Patient demographics and blood coagulation-
related laboratory data were investigated. A 1.6-mm diam-
eter drain tube (Ez-VAC; EZ Medisys, Goyang, Korea) was
inserted into a portal of a 100 mL empty plastic saline bag
with two portals. The drain tube had 26 holes of 1.1-mm
diameter at the most distal portion. The gap around the
drain was filled with silicone gel. Three sets of these bags
were prepared for each case. One of them was filled with
5.6 mg of crushed gelfoam (Cutanplast; Mascia Brunelli,
Milano, Italy) moistened with 5,000 units of porcine

Fig. 1. Photograph of the experimental setup. The blood filled bag
was connected to a 120 + 30 mmHg vacuum system through a 1.6-mm
diameter drain tube and the weight was measured.

thrombin (Reyon pharmaceutical Co., Jincheon, Korea).
The drain was connected to a vacuum bag (Ez-VAC; EZ
Medisys) at 120 + 30 mmHg. One hundred and fifty mil-
liliters of blood was harvested from each of the 12 con-
secutive patients who underwent spinal surgery. Fifty mil-
liliters of blood was injected into each saline bag. For one
normal blood filled bag and one thrombin added blood
bag, vacuum drainage was started 8 minutes after con-
nection to the vacuum system (BV8 and TBV8). For the
remaining one normal blood filled bag, the vacuum pump
was turned on 15 minutes after connection (BV15). The
amount of initial and remaining hematoma at 20 minutes,
120 minutes, and 24 hours were assessed by weight (Fig.
1). For TBVS, the weight of thrombin and gelfoam was
subtracted from the weight measured after drainage. The
same procedure was done for all samples obtained from
12 patients (Fig. 2). The primary end point was the differ-
ence of remaining hematoma between BV8 and TBVS to
investigate the influence of hypercoagulability induced by
local hemostatic agents on the proper function of a suction
drain. The secondary end point was the difference of re-
maining hematoma between BV8 and BV15 to investigate
the influence of a delay in drainage on the proper function
of a suction drain. Statistical analysis was conducted using
an independent #-test. The SPSS ver. 18.0 (SPSS Inc., Chi-
cago, IL, USA) was used for all analyses. The confidence
interval was set as 95%. Power was calculated using a post-
hoc power calculator of ClinCalc (http://clincalc.com/).
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Measurement of remaining hematoma at
20 min, 120 min, 24 hr after initiation of drainage

Fig. 2. Flowchart of the experiment. Blood obtained from a patient was
divided into 3 bags. Two of them had normal blood and the other had
thrombin (Th) added blood. Twelve normal and 12 Th added blood bags
were connected to the vacuum and drainage was initiated 8 minutes
after connection. The other 12 normal blood bags were connected to
the vacuum and drainage was initiated 15 minutes after connection.
The amount of remaining hematoma was measured at 20 minutes, 120
minutes, and 2 hours after initiation of drainage.
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RESULTS

There were 12 consecutive patients who donated their
blood and met the physical criteria. There were 1 male and
11 females. Their mean age was 68.3 years (range, 56 to
78 years). Demographics and coagulation-related data are
tabulated in Table 1.

Influence of Thrombin

Data comparing BV8 and TBV8 are presented in Table 2.
The initial weight was not significantly different, but the
amount of remaining hematoma of TBVS8 was significantly
greater than that of BV8 at 20 minutes, 120 minutes, and
24 hours after initiation of drainage. Statistical power was
100% at all measurement times. The standard deviations
of TBV8 were greater than those of BV8 at each time.

Influence of the Time Elapsed before Vacuum
Connection

Data comparing BV8 and BV15 are shown in Table 3. The
amount of remaining hematoma of BV15 was significantly
greater than that of BV8 at 20 minutes, 120 minutes and

Table 1. Demographics and Coagulation Related Lab Findings

Variable Mean = SD Range
Age (yr) 68.3+8.0 56-78
Sex (male:female) 1:11
PT (sec) 105+04 9.9-11.0
aPTT (sec) 291+42 23.4-36.8
PFA-EPI (sec) 169.3+74.0 69-300
Platelet count (/mL 242,616 + 55,271 145,000-329,000

SD: standard derviation, PT: prothrombin time, aPTT: activated partial
thromboplastin time, PFA-EP!: platelet function analysis-epinephrine.

Table 2. Weight of Remaining Hematoma (BV8:TBV8)

Variable Initial 20 Min 120 Min 24 Hr
BV8(g) 66.8+25 170+13 163+12 158+16
TBV8(g) 67.3+21 463+124 330+82 26.1+40
pvalue 0.301 0.000 0.000 0.000
Statistical power (%) - 100 100 100

24 hours after initiation of drainage. Statistical power was
over 90% at all measurements. Standard deviations of
BV15 were greater than those of BV8 at each time.

DISCUSSION

Risk factors for POSEH are mostly theoretical and some-
times presumptive. Therefore, avoiding the known risk
factors is not a reliable strategy to prevent POSEH. Suction
drainage can be expected to help obviate the complica-
tion in case of certain amount of intraoperative bleeding;
however, a multitude of previous studies have shown that
it is not a fail-safe way to prevent the catastrophic com-
plication.”"” There was only one prospective study that
demonstrated the efficacy of suction drainage in reduction
of remaining epidural hematoma."” Therefore, we conjec-
tured there must be some factors that hamper appropriate
function of suction drains, which should also be recog-
nized as the risk factors for POSEH.

There have been many retrospective studies sug-
gesting the risk factors for POSEH. Old age, nonsteroidal
anti-inflammatory drugs, large intraoperative blood loss,
intraoperative hemoglobin of less than 10 g/dL, Rh+ blood
type, and international normalized ratio (INR) of more
than 2.0 have been considered attributable to the develop-
ment of POSEH.>”"* Sokolowski et al."” reported that old
age, multilevel procedure, and high INR were associated
with large volume of POSEH in their prospective study,
but they did not take consideration into the presence of
symptoms. Antiplatelet drugs have been regarded to in-
crease the risk of POSEH and most spinal surgeons have
been reluctant to operate on patients taking them.” How-
ever, a more recent study by Cuellar et al.” has reported
there was no appreciable increase in bleeding-related com-
plication rates in patients with cardiac stents undergoing
spine surgeries while continuing to take aspirin compared
with patients who discontinued aspirin prior to surgery.

Table 3. Weight of Remaining Hematoma (BV8:BV15)

Variable Initial 20 Min 120 Min 24 Hr
BV8(g) 66.8+25 170+13 16312 158+16
BV15(g) 676+20 300+£120 242+76 222+66
p-value 0.402 0.002 0.002 0.004
Statistical power (%) - 945 945 90.4

Values are presented as mean + standard deviation.
BV8: blood filled bag opened to vacuum at 8 minutes, TBV8: thrombin added
blood filled bag opened to vacuum at 8 minutes.

Values are presented as mean + standard deviation.
BV8: blood filled bag opened to vacuum at 8 minutes, BV15: blood filled bag
opened to vacuum at 15 minutes.
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On the contrary, there was a case report suggesting hyper-
coagulability as a risk factor."” Thus, the causal relation-
ship between POSEH and hypocoagulability is inconclu-
sive yet.

Based on previous research, we presumed the con-
ditions that can lead to the occurrence of POSEH include
massive bleeding, the presence of a dead space enough
to allow large volume of coagulated hematoma, and early
coagulation of the extravascular blood that overwhelms
suction drains.

Though the limited efficacy of suction drainage
in prevention of POSEH has been documented in many
studies, little research has been undertaken to elucidate
the reason. Coagulopathy, antiplatelet drugs, and throm-
bolytic agents increase intraoperative bleeding and thus
may be risk factors for a spontaneous spinal epidural he-
matoma.””"” At the same time, unclotted blood would be
easily drained through a suction drain. Watery state fluid
usually does not compress the thecal sac in the open space
exposed by laminectomy. However, if the fluid forms a
solid material, it can create enough pressure to compress
the thecal sac.

In our experiment, hypercoagulability disrupted
appropriate function of the suction drain causing more
hematoma to remain. As the elapsed time increased, the
extravascular blood surely clotted more. Our data suggest
that the vacuum should be connected as early as possible
although a fail-safe time limit was not investigated yet.
The real situation would be different from the current
model because there would be continuous bleeding from
the wound and epidural vessels. If the extravascular blood
is not evacuated rapidly and forms a clotted mass, it would
act as a nidus for further clotting. The standard deviations
of BV15 were bigger than those of BV8, which suggests
that the remaining blood cannot be drained uniformly

over time.

Thrombin-containing local hemostatics (TCLH)
have been used for a long time. To our knowledge, there
have been no reports associating the use of TCLH with the
risk of epidural hematoma although it has been advised
to remove the remnants of the agents for a precaution-
ary measure. Based on our experiment, TCLH should be
removed upon completion of hemostasis and before ini-
tiation of wound closure. Using TCLH just before wound
closure can be considered more dangerous.

Given the statistical power (> 90%), the sample size
was sufficient to test the hypotheses. However, there were
several limitations to this study. We could not use the same
sample for all experiments. Because we used real patients’
blood, it was difficult to harvest more than 150 mL of
blood from a patient. However, their age and coagulation-
related factors were analyzed to ensure homogeneity.
Though one set of experiment used the blood of the same
patient, the initial weight was not identical. The error hap-
pened because the amount of blood and sealing silicon for
each saline bag was slightly different. This was the reason
why we applied the Student t-test rather than a paired ¢-
test.

In conclusions, coagulation of extravascular blood
inhibited effective function of suction drains and resulted
in a large amount of remaining hematoma. It appeared
that this could be accelerated by TCLH and a delay in ac-
tivation of suction drainage. We believe that if a suction
drain functions well before a coagulation nidus is formed,
POSEH could be prevented.
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