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Efficacy of Pre-procedural Rehydration against
Thromboembolic Complications for Ruptured Aneurysm
Embolization
Soo-Dong Park, Young-Jin Jung
Department of Neurosurgery, College of Medicine, Yeungnam University, Daegu, Korea
Objective : To report effects of the pre-procedural rehydration for reduce
thromboembolic complications in acute phase aneurysmal subarachnoid
hemorrhage coil embolization.
Materials and Methods : From January 2009 to December 2013, 190 patients with ruptured aneurysmal subarachnoid hemorrhage (aSAH) treated
by coil embolization at our institution were consecutively enrolled in this
study. In period 1 (from January 2009 to June 2012, n = 122), pre-procedural fluid was not supplied. In period 2 (from July 2012 to December
2013, n = 68), depending on the state of the patient's body weight and
degree of dehydration, intravenous fluid was started with infusion of approximately 7 mL/kg of 0.9 percent saline (minimum 300 to maximum
500 mL) over 30 minutes.
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Results : A total of 190 patients were hospitalized due to aSAH and underwent coil embolization for five years between January 2009 and
December 2013. Of these, 122 patients underwent coil embolization
based on the old protocol before June 2012 (period 1) and 68 underwent the procedure based on the new protocol after the period 2. Neck
size, width, maximum diameter of the aneurysm and procedure time
were associated with procedure related thromboembolic complications in
entire periods (multivariate analysis, p < 0.05, in respectively). The frequency of thromboembolism showed a drastic decrease in period 2
(re-hydration period), from 18.0% (22/123) to 4.4% (3/67), which was also statistically significant (p = 0.007, Chi-square test).
Conclusion : Pre-procedural administration of a sufficient dose of fluid
considering the patient's dehydration reduced the frequency of thromboembolism in cases of emergency coil embolization for ruptured aneurysm, without increasing additional specific complications.
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that a local thrombus is formed around the coils,
obliterating the aneurysmal sac.

4)

Coil embolization,

Endovascular coil embolization is one of the techni-

which is performed through the intravascular space,

ques used for treatment of cerebral aneurysm. Platinum

has an inherent risk of causing thromboembolism.

coils are inserted into the lumen of the aneurysm, so

Thromboembolic complications occur more frequently
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in ruptured aneurysm that cannot be treated with an-

physicians were involved in each procedure. Basically

tiplatelet medication and intra-procedural admin-

there was no significant difference between operators.

8)10)

istration of heparin compared to unruptured cases.

In general, neither antiplatelet premedication nor sys-

Such pre-medications (antiplatelet and anticoagulant

temic heparinization was administered during the pro-

administration) can reduce the occurrence of throm-

cedure, until proper protection of the ruptured aneur-

5)

boembolism in treatment of unruptured aneurysm.

ysm was achieved (no contrast filling within the

For ruptured aneurysmal subarachnoid hemorrhage

aneurysmal dome). After confirming of proper pro-

(aSAH), coil embolization is mainly performed in un-

tection of ruptured aneurysm (no contrast filling in

planned emergency. However, pre-medication of anti-

the top of the aneurysm), a bolus of 3000 IU of hep-

platelet or heparin prior to emergency coil emboliza-

arin was administered intravenously. And additional

tion in ruptured aSAH is under many restrictions in

1000 IU bolus of heparin was administered every

real clinical practice, because it is possible to increase

hour.

the risk of rebleeding. Therefore, coil embolization for

Thromboembolic complication was defined as any

ruptured aneurysm may inevitably cause more throm-

event with complete or partial occlusion of arteries,

boembolic complications than unruptured aneurysm.

detection of low density or high signal on post-

Also, it is widely assumed that dehydration predis-

operative CT or MR consistent with patient's symptoms.

6)

pose to thromboembolism after acute stroke. Emergency

In period 1 (from January 2009 to June 2012, n =

coil embolization in dehydration state, it may be more

122), pre-procedural fluid was not supplied. In period

dangerous. We assumed that calibrated the dehy-

2 (from July 2012 to December 2013, n = 68), depend-

dration be able to reduce the risk of thromboembolic

ing on the state of the patient's body weight, intra-

complication in acute phase coil embolization. Contrary

venous fluid was started with infusion of approx-

to the therapeutic treatment, administering a proper dose

imately 7 mL/kg of 0.9 percent saline (minimum 300

of fluid to the patient is very easy and simple. It may

to maximum 500 mL) over 30 minutes.

correct dehydration, causing no additional complica-

No variation in the treatment protocol was observed

tion for the patient, and is expected to reduce throm-

between the two periods and the coil embolization

boembolic complications. We examined patients who

was performed by three experienced operators. At

were to under emergency coil embolization for aSAH,

least two of these three physicians were engaged to-

assuming that administering a proper dose of fluid to

gether in performance of each procedure.

the patients would reduce the risk of thromboembolism without additional complications.

MATERIALS AND METHODS
From January 2009 to December 2013, 190 patients
with ruptured aSAH treated by coil embolization at our
institution were consecutively enrolled in this study.
Subarachnoid hemorrhage was confirmed by computed
tomography, magnetic resonance image, or cerebrospinal
fluid analysis. Coil embolization procedures were performed under monitored anesthesia by three experienced operators. At least two of the three experienced

Statistics
Statistical analysis was performed using the SPSS
statistical package (SPSS for Windows, version 20.0,
Chicago, IL, USA). The Chi-square, Student t-test and
univariate logistic regression were used for comparisons as appropriate. Variables with p value < 0.05 in
univariate analysis were selected for the multivariable
model using multiple logistic regression analysis.

RESULTS
A total of 190 patients were hospitalized due to
aSAH and underwent coil embolization for five years
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between January 2009 and December 2013. Of these,

crocatheter was greater with statistical significance in

122 patients underwent coil embolization based on

Period 1 (87%; 107/122) than in Period 2 (69.1%, 47%)

the old protocol (Period 1, January 2009 to June 2012)

(p = 0.003). No statistically significant difference in the

and 68 underwent the procedure based on the new

rate of intra-procedural rupture considered to be a

one after the period (period 2, July 2009 to December

complication of coil embolization was found between

2013). No difference in the patient's age, gender, past

Period 1 (11.5%; 14/122) and Period 2 (14.7%; 10/68)

medical history, Glasgow coma scale, World Federation

(p = 0.506). With an additional use of microcathter,

of Neurosurgical Societies grading, size of aneurysm,

thromboembolic complications could be increased. In

or procedure time for coil embolization was found be-

this study, there are more frequent use of additional

tween the two periods. (Table 1)

microcatheter or balloon and stent in period 2. However,

In Period 2, coil embolization was performed ap-

the frequency of thromboembolism showed a drastic

proximately six hours (368.99 ± 243.54 minutes) after

decrease, from 18.0% (22/123) before the protocol to

the occurrence of symptoms and 417 ± 93.21 mL fluid

4.4% (3/67) after the protocol, which was also statisti-

was administered pre-procedurally. The effectiveness

cally significant (p = 0.007, Chi-square test). A car-

of the coil embolization procedure using a single mi-

dio-pulmonary problem considered to be a complica-

Table 1. Demography of patients during the two periods
Period 1 (N = 122)

Period 2 (N = 68)

p value

54.94 ± 13.11

56.26 ± 14.58

0.523

Male

41/122 (33.6)

24/68 (35.3)

0.874

Baseline GCS

12.67 ± 3.57

13.03 ± 3.02

0.486

DM

10 (8.2)

10 (14.7)

0.217

HTN

37 (30.3)

27 (39.7)

0.203

Smoking

Age

21 (17.2)

25 (36.8)

0.004

Dyslipidemia

4 (3.3)

1 (1.5)

0.656

Antilipidemic drugs

3 (2.5)

2 (2.9)

1.000

Antiplatelet

9 (7.4)

7 (10.3)

0.587

WFNS

2.26 ± 1.50

2.12 ± 1.37

0.511

Neck

3.34 ± 1.34

3.09 ± 1.49

0.239

Height

5.60 ± 3.17

5.27 ± 3.25

0.504

Width

5.39 ± 2.94

4.84 ± 2.36

0.168

Maximum diameter

6.34 ± 3.35

5.91 ± 3.08

0.380

Aspect ratio

1.74 ± 0.81

1.77 ± 0.73

0.816

Onset to procedure, min

NA

368.99 ± 243.54

NA

120.22 ± 40.04

0.170

Procedure time, min

129.37 ± 45.92

Single MC technique

107 (87.7)

47 (69.1)

0.003

13 (10.7)

9 (13.2)

0.640

Use of stent or balloon
TEC

22 (18.0)

3 (4.4)

0.007

IPR

14 (11.5)

10 (14.7)

0.506

Amount of rehydration (mL)

NA

Procedure time (min)

129.37 ± 45.92

Pulmonary complication
(improved/no_improved)

NA

417 ± 93.21
120.22 ± 40.04
14 (21.6)
(13/1)

NA
0.170
NA

Values are presented as number (%) or mean ± deviation.
GCS = Glasgow coma scale; DM = diabetes mellitus; HTN = Hypertension; WFNS = World Federation of Neurological Societies;
MC = microcatheter; TEC = thromboembolic complication; IPR = intraprocedural rupture

196 J Cerebrovasc Endovasc Neurosurg

SOO-DONG PARK ET AL

Table 2. Risk factors of thromboembolic complication by univariate logistic regression
B

p value

Exp (B)

Age

-0.007

0.656

0.993

Male

-0.479

0.271

0.619

95% CI for Exp (B)
.0963
0.264

1.024
1.454

Baseline GCS

-0.008

0.899

0.992

0.877

1.122

WFNS

-0.028

0.851

0.972

0.724

1.305

Neck

0.268

0.040

1.308

1.012

1.690

Height

0.081

0.152

1.085

0.971

1.212

Width

0.183

0.006

1.201

1.054

1.368

Maximum diameter

0.110

0.046

1.116

1.002

1.243

Aspect ratio

0.072

0.801

0.931

0.533

1.625

Procedure time, min

0.011

0.015

1.011

1.002

1.020

Single MC technique

-1.866

0.072

0.155

0.020

1.184

Re-hydration

-1.562

0.014

0.210

0.060

0.729

CI = confidence interval; GCS = Glasgow coma scale; WFNS = World Federation of Neurosurgical Societies; MC = microcatheter

tion of pre-procedural fluid administration was found

logistic regression analysis) (Table 3). Pre-embolization

in 14 cases (14/68, 20.6%). Of these, 13 cases im-

rehydration, turned out to be a factor that could be

proved without sequela and the remaining case re-

reduce the procedural thromboembolic complications.

quired treatment using a ventilator; however, the ventilator care was required due to pulmonary edema before fluid administration (Table 1).

DISCUSSION

Analysis of thromboembolism occurrence found that

Aneurysmal subarachnoid hemorrhage is a poten-

the neck size, width, and longest length of aneurysm,

tially fatal disease with high morbidity and mortality.

pre-procedural fluid supply, and procedure time were

Only a third of aSAH patients may improve and

statistically significant related factors (univariate logis-

many such patients can die or become disabled.

tic regression analysis) (Table 2). In multivariate anal-

ruptured aneurysm, if left untreated, the risk of re-

ysis, the longest length of aneurysm, fluid supply,

bleeding within the first 24 hours is 3-4% ; since re-

and length of procedure time were significant related

bleeding is the most important factor preventing the

factors (prolonged procedure time (odds ratio [OR]

patient's recovery, it is widely accepted that a rup-

1.010, 95% confidence interval [CI] 1.001-1.020, p =

tured aneurysm requires emergency treatment.

1)2)

In

1)

0.035) and pre-embolization rehydration (OR 0.261,

Since the International Subarachnoid Aneurysm Trial

95% CI 0.073-0.993, p = 0.039) were independent risk

research found that coil embolization was not less ef-

factors for thromboembolic complication in multivariate

fective in treatment of ruptured aneurysm than clip-

Table 3. Risk factors of thromboembolic complication by multivariate logistic regression
B

p value

Exp (B)

95% CI for Exp (B)

Neck

0.073

0.721

1.076

0.720

Width

0.399

0.050

1.490

1.000

1.607
2.220

Maximum diameter

-0.238

0.174

0.788

0.559

1.111

Procedure time, min

0.010

0.035

1.010

1.001

1.020

Re-hydration

-1.342

0.039

0.261

0.073

0.933

CI = confidence interval
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ping,7) it has often been used in treatment of ruptured

cases, due to the emergency situation for adequate

aneurysm and many researchers have reported pos-

preparation or the high risk of rebleeding of aneur-

itive results from the procedure. However, coil embo-

ysm or predilection for bleeding due to the fragile na-

lization is inherently associated with two serious

ture of the brain caused by antecedent intracerebral

problems: 1) intra-procedural rupture and 2) in-

hemorrhage.

tra-procedural thromboembolism. It can involve these

While some aSAH patients may visit emergency

two complications more frequently compared with the

rooms in tertiary hospitals immediately after occur-

3)8)11)12)

Prospective large-scale

rence of symptoms, many of them may be transferred

research found that coil embolization for aSAH caused

to a tertiary hospital from primary and secondary

rupture in 3.2% to 7.6% of cases and thromboembo-

hospitals to undergo coil embolization after aneurysm

unruptured aneurysm.

3)8)

The frequency of throm-

rupture. For this reason, performance of coil emboli-

boembolism is approximately twice as high as that for

zation after the condition occurs may take much more

lism in 11% to 13.3%.

8)10)

Larger aneurysm,

time. Because most patients are under nothing by

a wider aneurismal neck, or use of diverse instruments

mouth during transfer, they are likely to be dehy-

9)10)

may lead to higher risk of thromboembolism.

drated unless provided with an adequate dose of

Pre-procedural ample supply of fluid and antiplatelet

fluid. Enhanced computed tomography and digital

preparation, intra-procedural heparin administration,

subtraction angiography using contrast during can ag-

intra-procedural thrombolysis when thrombus occurs,

gravate dehydration. Performing invasive angiography

and additional post-procedural anticoagulant or anti-

and coil embolization in those patients without sup-

platelet medication are used to reduce the problems

ply of fluid is more likely to cause thromboembolism.

in case of coil embolization for unruptured cerebral

In this study it took six hours on average for the pa-

aneurysm and such treatments are known to reduce

tients to be transferred to a hospital and undergo coil

unruptured aneurysm (6.7-7.3%).

5)

Patients with

embolization; during this period of time, most of them

unruptured aneurysm are administered a good dose

were prevented from drinking any fluid and did not

of fluid to prevent dehydration and two antiplatelet

have a proper intravenous supply of fluid. We found that

agents for at least five days pre-procedurally, as well

simply providing patients with a proper dose of fluid

as heparin intra-procedurally, thus they may in-

pre-procedurally could reduce thromboembolism.

the frequency of thromboembolism.

evitably be at lower risk of thromboembolism than

Because many other factors can cause thromboemb-

those with aSAH. For ruptured aneurysm, which is

olism, it may be difficult to say that this method is suf-

treated with unplanned emergency coil embolization,

ficient to reduce the frequency of thromboembolism.

administration of sufficient pretreatment is difficult

In addition to the factors of aneurysm itself (size of

and the likelihood of rebleeding may place restrictions

aneurysm, size of its neck, etc.), as mentioned above,

on antithrombotic administration, consequently causing

using additional microcatheter or inserting a stent is

more thromboembolic complications. However, ad-

known to increase the frequency of such complications.

ministration of antiplatelet or heparin in clinical prac-

We also found that the neck size, width, and longest

tice with the aim of reducing the high risk of throm-

length of the aneurysm and procedure time were as-

boembolism for ruptured aneurysm is difficult. In cas-

sociated with the occurrence of thromboembolism. In

es of unruptured aneurysm, more aggressive strat-

this study, however, the frequency of thromboembo-

egies could be tried for prevention or removal of

lism was lower in Period 2, although an additional

thrombus. However, coil embolization in ruptured

microcatheter was used more frequently than in

cases has significant limitation compared to unruptured

Period 1. This result could be suggest that becoming

198 J Cerebrovasc Endovasc Neurosurg

SOO-DONG PARK ET AL

more experienced may lead to technical improvement

the patient is very simple in a methodological way

so that use of additional instruments, such as addi-

and is unlikely to cause additional complications, it is

tional microcatheter and stents, does not increase the

worth trying. Nevertheless, since this study has many

frequency of thromboembolism; however, no variation

limitations, as mentioned above, care should be taken

in the frequency of intra-procedural rupture between

in interpreting the results and prospective research

the two periods demonstrates that an operator's skill

should be conducted to confirm them.

may be dependent neither on prolonged time nor on
experience. In addition, the factors based on the skill
of individual operators implementing the procedure

CONCLUSION

cannot be neglected. However, since at least two of

Pre-procedural administration of a sufficient dose of

the three physicians in this study were engaged to-

fluid considering the patient's dehydration reduced

gether in performance of each procedure of coil em-

the frequency of thromboembolism in cases of emer-

bolization, it is believed that variation based on the

gency coil embolization for ruptured aneurysm, with-

differences among the individual doctors can be

out increasing additional specific complications. While

excluded. Therefore it can be said that the variation in

this result has come from retrospective research and

the frequency of thromboembolism between the two

care should be taken in interpreting it, the pre-proce-

periods was significantly affected by the pre-proce-

dural supply of fluid is very easy and simple and can

dural supply of fluid.

be employed with ease in clinical practice.

The most frequent complication of pre-procedural
rehydration for ruptured aneurysm was a pulmonary
complication. However it was cured in most cases,
leaving no sequela. No statistically significant difference was found in the frequency of intra-procedural

Disclosure
The authors report no conflict of interest concerning
the materials or methods used in this study or the
findings specified in this paper.

rupture caused by fluid injection.
The most significant finding from this study is that an
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