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hemorrhagic complications. We investigated 169 patients with drug resistant epilepsy (DRE), who under-
went surgery, to look for clinical implications of VPA associated bleeding problems. All patients had
normal preoperative coagulation profile. VPA was a part of polytherapy in 54% of patients (Group A),
however 46% patients were not on VPA (Group B). The groups were comparable with mean age of
17.3+10.3 years. Mean duration of surgery in group A and B were 255+ 70 and 250 + 60 min respec-
tively (p=0.26). Average blood loss in group A was 399 + 254 and 389 + 228 ml in group B. (p=0.62). The
percentage of total blood volume lost was 12.7% (Group A) and 17.7% (Group B) respectively (p=0.7).
There were no bleeding complications in either group. Hyperammonemic encephalopathy occurred in 4
patients postoperateively requiring withdrawal or dose reduction of VPA. No mortality was recorded.
We conclude that VPA does not increase clinically relevant perioperative haemorrhagic complica-
tions in patients having normal coagulation screen and platelet counts. However, hyperammonemic
encephalopathy is observed in 4% of patients in perioperative period, favorably responding to discontin-

uation of VPA.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

VPA induced coagulopathy is a major concern for epilepsy sur-
geons despite patients having a normal blood coagulation profile
(Gallais et al., 1996; Teich et al., 2004; Unalp et al., 2008). However,
quite a few significant VPA coagulopathy associated hemorrhagic
complications have been reported (Kumar, 2005; Raghuveer et al.,
1989). Few anecdotal reports of difficult hemostasis during surgery
and post-operative bleeding episodes requiring evacuation of clots
in patients on VPA therapy are available in literature (Cannizzaro
et al., 2007; Pohlmann-Eden et al., 2003). Coagulation factor defi-
ciency was claimed to be a cause for the excessive bleeding in these
patients. Overall, the incidence of clinically relevant coagulopathy
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in patients receiving VPA therapy has been reported to be in the
range of 4%.

VPA therapy is also known to produce thrombocytopenia in
pediatric patients as a result of marrow suppression (Psaras et al.,
2008). Despite normal platelet counts, VPA is known to influence
the arachidonate cascade leading to inhibition of the cyclooxyge-
nase pathway and the production of thromboxane A2 that causes
dysfunction of platelet aggregation (Kis et al., 1999). Kumar et al.
reported spontaneous bleeding diathesis in one patient on VPA
requiring platelet transfusion (Kumar, 2005).

It is a practice in some centers across the world to discontinue
VPA before takings patient for epilepsy surgery. Paucity of litera-
ture prompted us to evaluate, if VPA therapy is associated with any
increase in clinically significant perioperative hemorrhagic compli-
cations in epilepsy surgeries.

Study design: Prospective, observational.


dx.doi.org/10.1016/j.eplepsyres.2016.09.005
http://www.sciencedirect.com/science/journal/09201211
http://www.elsevier.com/locate/epilepsyres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eplepsyres.2016.09.005&domain=pdf
mailto:manjari2tripathi@gmail.com
dx.doi.org/10.1016/j.eplepsyres.2016.09.005

192 N. Kurwale et al. / Epilepsy Research 127 (2016) 191-194

2. Materials and methods

We studied 169 consecutive patients who underwent surgery
for DRE (January 2010 —October 2013) at our centre. Demographic
and clinical details, operation details including the volume of blood
loss during surgery, duration of surgery, perioperative hemorrhagic
complications and the need of blood transfusion were analyzed.

All the patients were admitted in a dedicated epilepsy care unit.
Standard DRE-pre surgical evaluation was performed by the neu-
rology team and surgical plan was decided (Tripathi et al., 2008).
Pre operative hematological work up included haemoglobin, red
blood cells, total leukocytes and platelet count. Coagulation studies
CT, BT, prothombin time (PT), and activate partial thromboplastin
time (APTT). Serum levels of valproate were obtained in all patients
receiving the drug and confirmed to be in therapeutic range of
50-100 pg/ml before surgery.

In the operation theatre, Propofol and fentanyl was used for
induction of anesthesia, nitrous oxide and sevoflurane for main-
tenance and titrated doses of vecuronium for relaxation. Operative
time, blood loss, need for transfusion, specific intraoperative events
if any, were extensively recorded in operation notes. Patients were
shifted to neurosurgical intensive care unit (NSICU) and were
managed as per standard protocol. Postoperative CT scans were
done in all the patients within usually between 2 and 6h as per
protocol to rule out intracranial hematoma and other operative
complications. In patients who were electively ventilated follow-
ing surgery (especially for hemispherotomies or long duration
surgeries), bedside CT scans were performed using a portable CT
scanner (Ceretom ® Samsung-NeuroLogica Corporation, Danvers,
MA, USA). Blood transfusions given in postoperative period were
noted. We further stratified patients in pediatric (<12 years) and
adult (>12 years) populations and analyzed separately. In addition,
we also performed subgroup analysis for patients undergoing short
duration surgeries (<4 h) which mainly included lobar resection,
callosotomies and long duration surgeries (>4 h) which included
multilobar resections, hemispherotomies and disconnections for
further clarification of the issue.

3. Statistics

All analyses were performed using the statistical program SPSS
version 17. Chi square test was utilized to analysis categorical data.
Student t-test for equality of means and Levene test for equality
of variances were utilized for comparison of means in various sub-
groups. Mann-Whitney U test was used to compare medians (for
nonparametric variables). Probability values <0.05 in these anal-
yses were considered statistically significant. Log transformation
of percentage blood volume loss was done to satisfy statistical
assumption of normal distribution followed age adjusted regres-
sion analysis to look for any difference with respect to VPA intake.

4. Results

Of the 169 patients studies, 54% (n=91) patients were on VPA
during the preoperative period, while 46% (n =78) were not on VPA.
The mean age in our study group was 17.3 +10.3 years. Mean age
is significantly lower in VPA group (154 9.5years) compared to
non-VPA group (20 + 10.5 years) and this difference is also visible
in subgroup populations of short and long durations surgeries. In
addition, in adult population group, mean age is less in VPA group
(21.25+7.5years) (Table 1).

Mean duration of surgery was 255 + 70 min in the VPA group and
250 + 60 min in the non-VPA group (p=0.26). Average blood loss in
the VPA group was 399 4+ 254 ml and 389 + 228 ml in patients who
did not receive VPA (p=0.62). The blood loss when calculated as a

percentage of total blood volume in the VPA and non-VPA group
was 17.7% and 12.7% respectively (p=0.01). But, percentage blood
volume loss in pediatric patients (25.8 +£15.8%) was significantly
higher than in adult patients (9.6 +8.3%) (p=0.01). Also, patients
taking VPA were significantly higher in pediatric age group (40/60)
than adult group (51/109), (p=0.01). Age adjusted regression anal-
ysis of percentage blood volume loss after log transformation did
not reveal any significant difference in two groups (p=0.7).

Subgroup analysis revealed a statistically significant differ-
ence in blood volume loss in VPA group (13.6 +12.4%) compared
to non-VPA group (8.2 +£4.7%) (p=0.008) in patients undergoing
short duration surgeries, which disappeared after age adjusted
regression analysis (p=0.4). This difference can be attributed to
significant pediatric population of short surgeries group (p=0.01).

No significant difference in duration of surgery, blood loss or
percentage blood volume loss was observed in any of the subgroups
as regards to valproate intake.

Hyperammonemic encephalopathy was recorded in 4 patients
in VPA group, which prolonged the recovery and hospital stay.
Delayed reversal from anesthesia, unexplained drop in sensorium
and unusually delayed recovery in post operative period were main
presentations. All patients responded to discontinuation of VPA and
administration of sodium benzoate and lactulose. No mortality was
recorded in any group.

5. Discussion

Association of VPA with acquired deficiency of coagulation
factors is well known for more than three decades; how-
ever, only anecdotal reports are available documenting VPA
induced coagulopathy(Kumar, 2005; Pohlmann-Eden et al., 2003;
Raghuveer et al., 1989). Gerstner et al. (Gerstner et al., 2006)
reported around 4% incidence of coagulation factor abnormalities in
patient receiving VPA for epilepsy, however, none of these patients
presented with bleeding complications.

Coagulations abnormalities and bleeding diathesis is a major
concern for surgeons across all the specialties and hence, an ini-
tial effort was made by an orthopaedic surgeon to look for clinical
relevance of these coagulations disturbances on blood loss during
surgery. Winter et al. (Winter et al., 1996) did not find any asso-
ciation with intraoperative or postoperative blood loss with VPA
intake during orthopaedic procedures, however, VPA positively
correlated with number of blood products used. Similarly, Psaras
et al. (Psaras et al., 2008) found no correlation between VPA ther-
apy and blood loss during neurological surgery for brain tumors
and authors concluded against discontinuing VPA therapy before
any neurosurgical intervention.

Immediate perioperative use of VPA in patients undergoing
temporal lobectomies for epilepsy has not been found to cause
any hematological side effects and authors favored its use (Ward
et al., 1996). However, long term use of valproate is associated
with thrombocytopenia and coagulation deficiencies (Kis et al.,
1999). Our study included wide spectrum of epilepsy surgeries and
also our patients were taking VPA for several years before having
surgery. Our study substantiates previous findings by Ward et al.,
additionally in a more diverse spectrum of epilepsy surgeries and
most importantly on long term VPA treatment.

VPA causes deficiency of coagulation factors VIII, IX, XI influenc-
ing mainly intrinsic pathways of coagulation, which can be assessed
by APTT. Most of the surgical centers screen patients for coagulation
disorders routinely with PT and APTT and normal coagulation is a
mandatory before surgery. It is very unlikely for patients with nor-
mal coagulation parameters to have bleeding complications, which
is evident from our study and can be a plausible explanation for
paucity of literature on this issue.
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Table 1
Table showing demographic parameters and surgical details.

Group No. of patients Age Duration of surgery (min) Blood loss (ml) Blood volume loss (%)
Total 169
VPA 91 15+95 255470 399+ 254 17.7%
n-VPA 78 20+£10.5 250+ 60 3894228 12.7%
P value 0.26 0.62 0.01
P* value 0.7
Paediatric 60 6.5+3.5 277.4+76.9 373.5+£2453 25.8+15.8
VPA 40 6.6+3.5 271.7+£73.2 380.2+£263.4 26.3+16.2
n-VPA 20 6.4+3.7 288.7+84.8 360.0+£210 249+15.6
P value 0.8 0.42 0.76 0.73
Adults 109 232477 239.9+54.9 405+243.4 9.6+8.3
VPA 51 21.25+75 242.5+66.6 412.7+£251.5 10.9+10.8
n-VPA 58 25.0+7.5 237.5+42.4 398.2+238.0 85+4.9
P value 0.01 0.64 0.75 0.12
Short surg. 84 18.2+104 204.2+31.0 317.9+187.7 113+£10.1
VPA 47 15.8+10.1 203.0+26.4 312.9+196.5 13.6+124
n-VPA 37 214499 2056 £5.0 3243+£1785 82447
P value 0.01 0.70 0.78 0.008
P* value 04
Long surg. 85 16.3+10.2 301.1+£54.4 468.8 +£269.4 19.4+158
VPA 44 13.7+8.6 311.2£55 489.7£281.5 22.0+17.2
n-VPA 41 19.1+£11.1 2913+524 446.3 +257.4 16.1 £14.0
P value 0.01 0.09 0.46 0.12

“P value after regression analysis for adjustment of age. Only significant values have been given in bold.

However, hyperammnonemic encephalopathy, a rare compli-
cation of VPA, was observed in 4% of patients in immediate post
operative period, much more than reported incidence in liter-
ature (Segura-Bruna et al., 2006). The patients manifested with
unexplained neurological deterioration and delayed recovery of
sensorium in the immediate post-operative period. Liver function
tests were normal in all of these patients. Serum ammonia lev-
els were high in all four patients with serum VPA values being in
the higher range. Surgery and indirectly anesthesia is a definite
risk factor for slipping into encephalopathy, as all these patients
had a normal preoperative valproate level. But, sharing of common
metabolism between anesthetic agents and hepatic insult appears
unlikely as most of agents used in our series has very little hepatic
metabolism. In addition, post operative liver functions were normal
in all patients. However, general anesthesia and mechanical venti-
lation decrease hepatic blood flow up to 40%, plausibly disturbing
the urea cycle equilibrium established over years, causing acute
decompensation leading to hyperammonemia (Rahimzadeh et al.,
2014). Due to small number of patients, we could not draw any
statistical relation with surgical time and intra-operative events in
these patients. All the patients improved in time span of 3-5 days
after discontinuation of VPA and administration of sodium ben-
zoate and lactulose. This prompted us to set of protocol of ordering
serum ammonia levels in all patients in post operative period for
patients receiving VPA.

From our experience, we believe that all the patients with
normal screening coagulation parameters can be safely subjected
to surgery without the need for discontinuation of VPA therapy.
Bedside bleeding time tests are helpful for assessing the platelet
function. Patients having coagulation abnormalities before surgery
need further work up and may require tapering and stopping
VPA. Hyperammonemic encephalopathy is potentially reversible
condition and warrants high index of suspicion in patients with
unexplained neurological deteriorations.

6. Conclusion

Despite known association of VPA with coagulation factors defi-
ciency, clinically significant and relevant bleeding or blood loss
was not observed in patients having normal coagulation screen

and platelet counts. We do not recommend discontinuation of VPA
in all patients planned for surgical intervention. Bedside bleeding
and clotting time tests are helpful in all patients. Hyperammone-
mic encephalopathy is not very uncommon in early post-operative
period (seen in 4% of our cases), but is reversible with early diag-
nosis and intervention.
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