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Abstract

Purpose  We aimed to review post-hepatectomy coagu-
lation profile changes, to assess outcomes of epidural
catheter placement in post-hepatectomy patients, and to
make justifications regarding use of epidural analgesia in
patients undergoing hepatectomy.

Methods We performed a retrospective study of 141
patients undergoing liver resection at Brigham and
Women’s Hospital between January 1, 2007 and December
31, 2011. All patients were between 21 and 85 years old,
with ASA physical status classification of II or III, and
Child-Pugh scores <6. Patients undergoing laparoscopy or
resection of less than three hepatic segments were exclu-
ded. We examined pre-operative hematocrit, platelet count,
coagulation studies, and liver function tests, and trended
values for 7 post-operative days. We examined frequency
of epidural placement, use of peri-operative anticoagula-
tion, and incidence of epidural-related complications.
Results We demonstrated statistically significant decrea-
ses in hematocrit and platelet counts, as well as statistically
significant increases in prothrombin time and international
normalized ratio (INR) values. Thirty-two percent of
patients required vitamin K or fresh frozen plasma to
achieve an INR <1.3. No patient required platelet trans-
fusion to achieve platelets >100,000 prior to catheter
removal. Changes in post-operative partial thromboplastin
time were not significant. Epidural catheters were placed in
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90 % of liver resections performed at our institution. We
noted no epidural hematomas, even in the 7 % of
patients in whom the epidural catheter was inadvertently
removed before coagulation criteria were met. The latter
group was monitored with hourly neurologic exams for
24 h.

Conclusion Epidural analgesia may be safely used in
patients undergoing major hepatic resection, providing that
they have normal pre-operative coagulation and catheters
are removed only when resection-induced perioperative
coagulopathy has resolved or has been corrected.

Keywords Hepatectomy - Coagulopathy - Epidural
anesthesia
Introduction

Over the past few decades, hepatic resection has become
the mainstay of treatment for both primary and secondary
(metastatic) liver malignancies [1]. Procedure-related
morbidity and mortality has dropped significantly, partly
due to the overall advances in surgical and anesthetic
techniques, better understanding of hepatic pathophysiol-
ogy, and improvement in peri-operative management [2,
3]. However, post-operative pain management remains a
challenge after hepatic resection due to the presence of a
large surgical incision. Compared with several other post-
operative pain modalities, such as patient controlled anal-
gesia (PCA) and the On-Q Pain Buster System, epidural
analgesia is logically far superior for a large laparotomy
because it provides excellent pain relief as well as reducing
pulmonary complications and the duration of post-opera-
tive ileus [4]. However, post-hepatectomy alterations of
coagulation profiles such as increases in the prothrombin

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00540-014-1933-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00540-014-1933-4&amp;domain=pdf

368

J Anesth (2015) 29:367-372

time/international normalized ratio (PT/INR) and the par-
tial thromboplastin time (PTT), as well as decreases in
platelet counts (PLT) have been reported [5—-8] and thus
epidural anesthesia is not universally used due to the risk of
epidural hematoma formation.

In this study, we conducted a chart review of patients
undergoing major hepatic resection at our institution over
5 years, and examined post-operative coagulation profile
changes as well as the anesthetic management and post-
operative outcomes at our center to assess the safety of
epidural catheters in patients undergoing liver resection.
We present our experience with these patients and our
strategies to reduce post-operative neurological complica-
tions associated with epidural analgesia in patients under-
going major hepatic resection.

An abstract of this work showing preliminary data was
presented at the 2013 American Society of Anesthesiologists
Annual Meeting (A3122; Washington DC, October, 2013).

Materials and methods
Design and setting

After obtaining approval by the Institutional Review Board
of Partners Health Care, Boston, MA, we conducted a
retrospective study to review all patients undergoing
hepatic resection from January 1, 2007 to December 31,
2011. This chart review study was conducted at Brigham
and Women’s Hospital, a Harvard Medical School-affili-
ated tertiary-care center and member of the Partners
Healthcare organization. We obtained the complete list of
patients who underwent liver resection during this time
frame by querying our electronic medical record and
operating room systems.

All patients undergoing hepatic resection between the
ages of 21 and 85, with ASA physical status classification
of II or III, and Child-Pugh scores <6, were considered
eligible for this study. Patients with ASA physical status of
greater or equal to IV, as well as those with a Childs-Pugh
score >6, were excluded. Patients who did not have daily
post-operative lab values, or had values only for 1 or
2 days post-operatively, were also excluded.

Since the amount of liver tissue resected has been shown
to influence the degree of post-operative coagulopathy [7],
we focused only on cases of major hepatic resection. Thus,
unless stated otherwise, all patients undergoing hemi-hep-
atectomy with laparotomy, defined by either right hepa-
tectomy that involved the resection of segments V through
VIII, or left hepatectomy that involved the resection of
segments II through IV, with or without segment I [9],
were included in this study. Hepatectomy with resection of
three segments were also included. Patients undergoing
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laparoscopic hepatic resection, minor hepatic resection,
such as single segment or wedge resection, or hepatic
resection combined with other abdominal surgery (e.g.
Whipple procedure or bowel resection), were excluded.

Patients

We found a total of 680 liver resection patients from our
institution’s database from 2007 to 2011. Based on our
protocol design criteria (see above), we identified 141
eligible patients. The majority of these cases required liver
resection due to metastatic hepatic lesions from colorectal
cancer, although some involved other lesions, such as
hepatoma and hemangioma. All patients underwent general
anesthesia with endotracheal intubation, with or without
epidural analgesia. For those who received epidural anal-
gesia, the epidural catheter was placed pre-operatively.
Epidural analgesia (except the initial “test dose” of 3 ml
2 % lidocaine with 1:200,000 pg epinephrine) was not
initiated until after completion of the surgical procedure.
All patients had a radial arterial catheter placed for
hemodynamic monitoring intra-operatively, and some had
a central venous line placed for better IV access.

Measures of variables

We examined pre-operative hematocrit, platelet count, PT/
INR, and PTT, as well as alanine aminotransferase (ALT)
and aspartate aminotransferase (AST). We then examined
the immediate post-operative (POD 0) values, and trended
these values for a total of 7 post-operative days (POD 1-
POD 7). The lab values of patients who were discharged or
whose last known values were prior to the 7th post-oper-
ative day were trended as far as the last known values.
Additionally, we collected data regarding the frequency of
epidural placement in these procedures, the use of peri-
operative anticoagulation, the total estimated blood loss
(EBL) for the procedure, the amount of hepatic tissue
resected, the post-operative day on which the epidural was
removed, whether blood products were administered to
correct INR or platelets prior to epidural removal, and the
incidence of epidural-related complications, specifically
hematoma formation, neurologic injury, or the need for
frequent neurologic monitoring due to concern for potential
neurologic injury.

Statistical analysis

Data were summarized and analyzed using SAS version 9.3
software (SAS Institute, NC, USA). All results are pre-
sented as percentages for categorical variables and as
mean =+ standard deviation (SD) for continuous variables.
For each variable of the post-hepatectomy coagulation
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profile, differences were analyzed by repeated measures
ANOVA. A series of Bonferroni-adjusted pair-wise com-
parisons were performed to study the effect. All statistical
tests were two-sided, with a type I error of 0.05. A
P < 0.05 was considered statistically significant.

Results

Our results demonstrated that epidurals were placed in
90 % of liver resections (127 out of 141 patients) per-
formed at our institution. As our primary goal was to
determine the safety of epidural analgesia in patients
undergoing hepatectomy, the remaining 14 patients were
excluded from the data analysis.

All 127 patients included in this study underwent major
hepatic resection, as previously defined, by two experi-
enced surgeons. The demographic characteristics and
essential intra-operative patient data are summarized in
Table 1.

The average operative time was 6.02 £ 1.5 h and the
average amount of hepatic tissue resected was 450 g (range
230-800 g). All patients remained normothermic intra-
operatively (temperature 36.4 £ 0.5 °C). The average EBL
was 837 £ 818 ml, and the average maximal decrease of
hematocrit was 25 %, occurring on POD 3 (28.62 + 3.62
on POD 3 compared with 38.29 4 3.97 pre-operatively).
Twenty-one percent of patients required transfusion of
packed red blood cells intra-operatively or immediate post-
operatively (Table 1). We observed a statistically signifi-
cant decrease in platelet count of 46 % occurring on POD
3, and then a gradual return to baseline level on POD 7
(Fig. 1). In addition, PT and INR values increased signif-
icantly after hepatectomy, with a peak elevation in PT of

Table 1 Demographic and perioperative data of patients undergoing
hepatectomy

Age (years) 58 £ 13
Gender (female/male) 65/76

Body mass index 274 + 49
Surgical duration (h) 6.02 £ 1.5
Core body temperature (°C) 364 £ 0.5
Liver tissue resected 450 g (range 230-800 g)
Estimated blood loss (ml) 837 £+ 818
Crystalloids administered (ml) 4,936 + 1,980
Colloids administered (ml) 608 £ 545

% Requiring blood product transfusion 21

Blood or cell saver transfused (units) 23+ 1.5
Fresh frozen plasma transfused (units) 3.9 &+ 1.8

Day of epidural catheter removal POD 4.45 (POD1-POD13)

Demographic data and perioperative procedure details of all patients
included in study

37 % on POD 2 (18.78 £ 2.47 on POD 2 compared with
13.76 + 1.44 pre-operatively). By POD 7, these values,
while still elevated, appeared to decrease towards their
baseline (Fig. 2). Of note, 40 of 127 patients required
vitamin K or FFP to correct PT/INR prior to epidural
catheter removal, and therefore were removed during the
determination of this trend so as not to confound the
results. Changes in post-operative PTT were not clinically
significant. Liver function tests (ALT and AST) were ele-
vated post-operatively, but these changes were self-limited
and resolved within 5-8 days post-operatively (Fig. 3).

No patient received subcutaneous heparin pre-opera-
tively, and initiation of 5,000 units of heparin dosed sub-
cutaneously every 8 h for DVT prophylaxis was held for
8 h post-operatively, as is the standard practice in our
institution. Per the guidelines of our institution, platelets
and INR were confirmed to be >100,000, and <1.3,
respectively, prior to epidural placement. For the majority
of patients with epidural catheters, these same criteria were
met at the time of catheter removal. Specifically, on the day
of epidural catheter removal (usually between POD 4 and
POD 5, mean POD 4.45), the mean platelet count and INR
values were approximately 220,000 (80,000-662,000) and
1.26 (1.0-1.8), respectively. As evidenced by the lower
limit of the platelet range and the upper limit of the INR
range, not all patients met all epidural catheter removal
criteria on the day of epidural catheter removal. This is
because 9 patients (7 % of total) experienced inadvertent
epidural catheter removal in the setting of inappropriately
low platelets or high INR. Additionally, 40 out of 127
patients (32 %) required vitamin K or FFP to correct the
INR prior to epidural removal. On the day of FFP or
vitamin K administration, the INR and platelet values of
these 40 patients were 190,000 (97,000-509,000) and 1.52
(1.1-2.0), respectively. No patient required platelet
transfusion.

The incidence of epidural hematoma was zero, although
the 7 % of patients with inadvertent epidural catheter
removal mentioned above did require hourly neurologic
exams over the course of a 24-h period. The mean platelet
count on the day of inadvertent catheter removal in these
patients was 192,000, and the mean INR was 1.4. Despite
the need for monitoring, no epidural-related neurologic
complications were identified.

Discussion

Post-operative coagulopathy after liver resection is a well-
known phenomenon that results from the combination of
blood loss, consumption of coagulation factors, and tran-
sient hepatic synthetic insufficiency [10]. Typically, it
manifests as an increase in the prothrombin time and a
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Fig. 1 Change in platelet (PLT)
count after hepatectomy. All
data points are expressed as 280
mean (filled circles) &= SD \
(bars). Preop denotes pre- \
hepatectomy; POD denotes 260 \
post-operative day(s). \
*P < 0.05, #*P < 0.01, \
*#%P < 0.001, all compared
with preop value (N = 127)
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Fig. 2 Change in PT and INR
after hepatectomy. All data
points are expressed as mean
(filled symbols) £ SD (bars).
Filled circles and dotted line
represent PT, and filled triangles
and solid line represents INR.
Preop denotes pre-hepatectomy;
POD denotes post-operative
day(s). *P < 0.05, **P < 0.01,
compared with preop value.
Note N = 87 in this figure
because 40 patients who
received FFP or vitamin K were
excluded
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decrease in platelets, as confirmed by this study. While the
degree of change varies from patient to patient, a clinically
significant difference has been documented in several
studies [5, 7, 8, 10-14]. This difference poses a dilemma
for anesthesiologists caring for patients undergoing liver
resection in that as the procedure is a major abdominal
operation, patients would benefit from epidural analgesia,
however, the presence of concomitant or expected post-
operative coagulopathy imposes an increased risk for epi-
dural hematoma [15].

Because of this increased risk, the topic of epidural
analgesia for patients undergoing liver resection has been
much debated. For patients with underlying liver disease,
pre-operative coagulopathy may not only prevent the safe
placement of an epidural catheter, but also predispose to
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increased post-operative coagulopathy [11]. Additionally,
those undergoing major hepatic resection are also at
increased risk [12]. In the presence of elevated PT/INR
post-operatively, epidural catheter removal may need to be
delayed [16, 17], potentially increasing the risk for infec-
tion. Importantly, as approximately 7 % of epidural cath-
eters can become inadvertently dislodged [17], placing an
epidural catheter in a patient who will likely become co-
agulopathic post-operatively could be considered prob-
lematic. Further, while post-operative coagulopathy can be
partially reversed with administration of FFP, INR cannot
be easily decreased below 1.3, and transfusion of blood
products is certainly not without its own risks. For all of
these reasons, several clinicians choose to avoid epidural
analgesia in patients undergoing liver resection.
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Fig. 3 Change in AST and 600 - * " + 600
ALT after hepatectomy. All X 3 e
data points are expressed as
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[/
1004 | — \ - 100
0 - T T T T T T T T — 0
preop PODO POD1 POD2 POD3 POD4 POD5 POD6 POD7

However, these concerns, while certainly relevant in
patients with extensive hepatic disease or cirrhosis, may
not necessarily contraindicate epidural analgesia for all
patients undergoing liver resection. First, while it is true
that nearly all patients develop clinically significant coag-
ulation abnormalities as early as post-operative day 1, these
aberrations often resolve by the 4th or 5th post-operative
day (see Fig. 2) [5, 7, 13] which is within a reasonable
timeframe for epidural catheter duration. Of note, post-
operative coagulopathy in these patients is frequently
determined by PT/INR prolongation. Despite this well-
established post-operative hemostatic abnormality, Barton
et al. [18] showed that thromboelastography (TEG) actu-
ally demonstrates transient hypercoagulability and
unchanged clot strength after liver resection. Fazakas et al.
[19] have also suggested that the presence of a normal TEG
may be useful in guiding the decision to pursue epidural
analgesia in patients undergoing hepatectomy. Regardless
of whether coagulation dynamics are assessed by PT/INR
or TEG, no epidural or spinal hematomas have been
reported in patients undergoing liver resection without pre-
operative coagulation abnormalities [20]. Choi et al. [8]
demonstrated this as well in their study of 242 healthy liver
donors undergoing hepatic resection with epidural cathe-
ters in which no epidural hematomas were observed despite
post-operative changes in coagulation profiles.

Although guidelines regarding neuraxial instrumentation
in the setting of elevated PT/INR have been set forth by the
American Society of Regional Anesthesia and Pain Medi-
cine (ASRA) [21], the recommendations to avoid epidural
placement or catheter removal when INR is greater than 1.5
were developed for patients on anticoagulants, rather than
those with coagulopathy as a result of liver disease or
resection. Nonetheless, these recommendations are often
applied to patients with coagulopathy for any reason.

At our center, epidural analgesia was only offered to
those relatively healthy patients (ASA class II or III)
undergoing liver resections as a post-operative pain man-
agement modality, since these patients are less likely to
develop profound coagulation abnormalities as compared
to their cirrhotic counterparts. In managing epidural cath-
eters in these patients, our approach is more conservative
than that suggested by Horlocker et al. [21]. We typically
do not place nor remove epidural catheters unless the INR
is <1.3. Similarly, we do not remove epidural catheters if
the platelet count is <100,000. Often, simply delaying
catheter removal until POD 4 or 5 is sufficient to achieve
these goals. Rarely, if that is not enough, we would
transfuse FFP or platelets in an effort to normalize the INR
or platelet count.

We performed this retrospective chart review to deter-
mine the safety of our management strategy. As described,
we reviewed 141 patients, ASA class II-III, undergoing
either right or left hepatectomy at our institution between
2007 and 2011. Our findings as far as mean blood loss and
percent change in post-operative hematocrit, platelets, and
PT/INR values are on par with those of other studies.
Interestingly, we did note that epidurals were placed in
90 % of our patients, which is only slightly higher than that
reported elsewhere in the literature [14]. Despite a higher
rate of epidural placement, our present study did not find a
single case that developed an epidural hematoma post-
operatively. Seven percent, however, did require qlh
neurologic examinations to monitor for hematoma devel-
opment due to unintended epidural catheter removal in the
setting of platelets <100,000, or INR >1.3. None of these
patients were found to have any neurologic complications.
Similar to the findings of Yuan et al. [11], hemostatic goals
for epidural removal in our study were achieved by POD 4
or 5.
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We believe our safe use of epidural analgesia for
patients undergoing hepatectomy is due to our conservative
management strategies. While a small portion of our
patients required FFP, vitamin K, or platelet transfusion to
meet the goals for epidural removal, none developed a
transfusion reaction. Additionally, no pre-operative nor
immediate post-operative subcutaneous heparin was
administered to any patient.

The limitations of this study are those inherent to ret-
rospective study design, mainly reliance on accuracy of
chart documentation and limitations of available data.
Despite these limitations, our data indicate that epidural
analgesia can be safely performed for patients undergoing
liver resection. Adherence to ASRA guidelines, or an even
more conservative approach, regarding epidural placement
and removal, may be important to the safety of such
practice. Based on our experience, we recommend the use
of epidural analgesia for otherwise relatively healthy
patients undergoing liver resection.

Conclusion

Patients undergoing elective major hepatic resection inev-
itably become moderately coagulopathic. However, this
phenomenon is typically self-limited and often resolves
within 7 post-operative days. While many clinicians are
understandably concerned about using epidural analgesia
in patients expected to become coagulopathic, when used
cautiously, with stringent post-operative monitoring and
conservative hemostatic goals surrounding catheter place-
ment and removal, epidural analgesia can be a safe and
effective modality for post-operative pain management in
these patients.

Acknowledgments The Authors would like to acknowledge Xia-
oxia Liu, MS, a statistician, who provided data analysis and graph
making, and James Bell, our graphic designer, who helped create and
edit the figures.

Conflict of interest No author has financial interests to disclose.

References

1. Wrighton LJ, O’Bosky KR, Namm JP, Senthil M. Postoperative
management after hepatic resection. J Gastrointest Oncol.
2012;3:41-7.

2. Jarnagin WR, Gonen M, Fong Y, DeMatteo RP, Ben-Porat L,
Little S, Corvera C, Weber S, Blumgart LH. Improvement in
perioperative outcome after hepatic resection: analysis of 1,803
consecutive cases over the past decade. Ann Surg.
2002;236:397-406.

3. Ryan WH, Hummel BW, McClelland RN. Reduction in the
morbidity and mortality of major hepatic resection. Experience
with 52 patients. Am J Surg. 1982;144:740-3.

@ Springer

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

. Ballantyne JC, Carr DB, de Ferranti S, Suarez T, Lau J, Chalmers

TC, Angelillo IF, Mosteller F. The comparative effects of post-
operative analgesic therapies on pulmonary outcome: cumulative
meta-analyses of randomized, controlled trials. Anesth Analg.
1998;86:598-612.

. Matot I, Scheinin O, Eid A, Jurim O. Epidural anesthesia and

analgesia in liver resection. Anesth Analg. 2002;95:1179-81.

. Shontz R, Karuparthy V, Temple R, Brennan TJ. Prevalence and

risk factors predisposing to coagulopathy in patients receiving
epidural analgesia for hepatic surgery. Reg Anesth Pain Med.
2009;34:308-11.

. Weinberg L, Scurrah N, Gunning K, McNicol L. Postoperative

changes in prothrombin time following hepatic resection: implications
for perioperative analgesia. Anaesth Intensiv Care. 2006;34:438-43.

. Choi SJ, Gwak MS, Ko JS, Lee H, Yang M, Lee SM, Kim GS,

Kim MH. The changes in coagulation profile and epidural cath-
eter safety for living liver donors: a report on 6 years of our
experience. Liver Transplant. 2007;13:62-70.

. Schulick R. Hepatobiliary anatomy. In: Mulholland M, Lillemoe

K, Doherty G, Maier R, Upchurch Jr G, editors. Greenfield’s
surgery scientific principles and practice. 4th ed. Philadelphia:
Lippincott Williams & Wilkins; 2006. p. 892-909.

Suc B, Panis Y, Belghiti J, Fekete F. ‘Natural history’ of hepa-
tectomy. Br J Surg. 1992;79:39-42.

Yuan FS, Ng SY, Ho KY, Lee SY, Chung AY, Poopalalingam R.
Abnormal coagulation profile after hepatic resection: the effect of
chronic hepatic disease and implications for epidural analgesia.
J Clin Anesth. 2012;24:398-403.

Kim YK, Shin WJ, Song JG, Jun IG, Kim HY, Seong SH, Sang
BH, Hwang GS. Factors associated with changes in coagulation
profiles after living donor hepatectomy. Transplant Proc.
2010;42:2430-5.

. Siniscalchi A, Begliomini B, De Pietri L, Braglia V, Gazzi M,

Masetti M, Di Benedetto F, Pinna AD, Miller CM, Pasetto A.
Increased prothrombin time and platelet counts in living donor
right hepatectomy: implications for epidural anesthesia. Liver
Transplant. 2004;10:1144-9.

Stamenkovic DM, Jankovic ZB, Toogood GJ, Lodge JP, Bellamy
MC. Epidural analgesia and liver resection: postoperative coag-
ulation disorders and epidural catheter removal. Minerva Ane-
stesiol. 2011;77:671-9.

Horlocker TT. Regional anaesthesia in the patient receiving
antithrombotic and antiplatelet therapy. Br J Anaesth.
2011;107(Suppl 1):196-106.

Lim HJ, Koay CK, Lee LS. Postoperative coagulopathy after
liver resection—implications for epidural analgesia. Anaesth
Intensive Care. 2006;34:118-9.

Tsui SL, Yong BH, Ng KF, Yuen TS, Li CC, Chui KY. Delayed
epidural catheter removal: the impact of postoperative coagu-
lopathy. Anaesth Intensive Care. 2004;32:630-6.

Barton JS, Riha GM, Differding JA, Underwood SJ, Curren JL,
Sheppard BC, Pommier RF, Orloff SL, Schreiber MA, Billings-
ley KG. Coagulopathy after a liver resection: is it over diagnosed
and over treated? HPB. 2013;15(11):865-71.

Fazakas J, Toth S, Fule B, Smudla A, Mandli T, Radnai M, Doros
A, Nemes B, Kobori L. Epidural anesthesia? No, of course.
Transplant Proc. 2008;40:1216-7.

Tzimas P, Prout J, Papadopoulos G, Mallett SV. Epidural anaesthesia
and analgesia for liver resection. Anaesthesia. 2013;68:628-35.
Horlocker TT, Wedel DJ, Rowlingson JC, Enneking FK, Kopp
SL, Benzon HT, Brown DL, Heit JA, Mulroy MF, Rosenquist
RW, Tryba M, Yuan CS. Regional anesthesia in the patient
receiving antithrombotic or thrombolytic therapy: American
Society of Regional Anesthesia and Pain Medicine Evidence-
Based Guidelines (Third Edition). Reg Anesth Pain Med.
2010;35:64-101.



	Coagulation profile changes and safety of epidural analgesia after hepatectomy: a retrospective study
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Design and setting
	Patients
	Measures of variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References




