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A retrospective analysis of the impact of diastolic dysfunction on
one-year mortality after transjugular intrahepatic porto-systemic
shunt, liver transplantation and non-transplant abdominal surgery
in patients with cirrhosis

Majumder Shounak?, Rabdiya Vimal®, Swales Colin¢, Silverman David I°
University of Connecticut Health Center, Farmington; Hartford Hospital, Hartford, CT, USA

Background The incidence of diastolic dysfunction (DD) approaches 40% in patients with
cirrhosis. However, the clinical impact of DD remains a subject of considerable debate. Surgery in
patients with cirrhosis is innately hazardous. Diastolic heart failure has been linked to increased
mortality after transjugular intrahepatic porto-systemic shunt surgery (TIPSS). To date, none of
the commonly accepted preoperative risk assessment models applied to patients with liver disease
incorporates DD. We aimed to examine the relationship between DD and postoperative outcomes

Methods Patients with cirrhosis who underwent abdominal surgery between January 2000 and
December 2011 were included if they had preoperative echocardiography done within 3 months
of surgery. The echocardiographic images were reviewed using flow and tissue Doppler techniques
to identify the presence of DD. Outcomes analyzed included one-year mortality and postoperative

Results A total of 140 patients were included in the study of which 63 patients (45%) met pre-
established criteria for DD. Those with DD were older (P < 0.005) and less likely to have an isolated
viral etiology of cirrhosis (P<0.05). The one-year mortality rate was 22.2% (14/63) in patients
with DD and 20.8% (16/77) in those without DD (P=0.42). Postoperative complications were not

Conclusion DD is common in patients with cirrhosis. In patients with cirrhosis undergoing TIPS
and/or abdominal surgery, the presence of DD does not increase post-procedure complications or

Keywords Diastolic dysfunction, cirrhosis, liver transplantation, postoperative mortality, surgical risk

Abstract
in patients with cirrhosis undergoing abdominal surgery.
complications.
statistically different in the two groups.
one-year mortality.
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Introduction

In the final 2 years of life, nearly 10% of patients with
hepatic cirrhosis require a surgical procedure of some

kind [1]. As the number of patients diagnosed with advanced
liver disease continues to increase, the number of cirrhotics
requiring surgery is expected to rise in tandem [2]. Surgery in
these patients remains innately hazardous, and is associated
with an elevated postoperative morbidity and mortality
that is commonly attributed to the presence of cirrhosis
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itself. Worsening liver disease or progression to liver failure
is commonly reported in the postoperative period [1,3].
Either Child Pugh classification or model for end-stage
liver disease (MELD) score provides a reasonably precise
estimation of perioperative mortality in these patients [1].
Mortality rates for patients undergoing surgery increases
with each level of Child Pugh class: 10% for those with Child
class A, 30% for those with Child class B, and 76-82% for
those with Child class C cirrhosis [1,4]. A more recent study
noted that increased perioperative mortality also correlated
with the MELD score: MELD <10 = 9%, MELD 10-15 = 19%
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and MELD >15 = 54% [5]. Other reported risk factors for
adverse postoperative outcome include American Society
of Anesthesiologists (ASA) score >3; emergent procedure;
intraoperative blood transfusion; intraoperative blood loss
>150 mL; presence of ascites; total bilirubin level >1.5 mg/dL;
and albumin level <3 mg/dL [6]. While the reasons for this
elevated risk remain incompletely categorized, interest has
focused upon circulatory changes brought on by surgery or
anesthesia, with resulting impairment in hepatic vascular
flow [2].

Cirrhotic cardiomyopathy is a condition comprising
a constellation of cardiac abnormalities, which include
myocardial hypertrophy, decreased ventricular compliance
and normal systolic function at rest, but systolic
incompetence under conditions of pharmacological or
physical stress [7,8]. While diastolic dysfunction (DD) is
relatively common in patients with advanced cirrhosis,
the clinical impact of this condition remains a subject of
considerable debate [9]. Proponents argue that cirrhotic
cardiomyopathy predicts worsening outcomes in a variety
of settings, including post-transjugular intrahepatic
porto-systemic shunt (TIPS) insertion [9,10], and liver
transplantation [11]. Recent studies have shown that the
presence of DD is a sensitive marker for type-1 hepatorenal
syndrome (HRS) development in cirrhotics and may be
associated with substantial hemodynamic alterations
in patients undergoing orthotopic liver transplantation
(OLT) [12,13]. Skeptics however remain doubtful
whether cirrhotic cardiomyopathy produces any clinical
consequences [9]. To date, none of the commonly accepted
preoperative risk assessment models applied to patients with
liver disease incorporates DD. Accordingly, we sought to
assess the clinical relevance of DD as a predictor of adverse
outcomes in patients with liver disease who undergo TIPS
and abdominal surgery including liver transplantation.

Patients and methods
Patient selection

All cirrhotic patients between the ages 19 and 65 years, who
had undergone TIPS or abdominal surgery at Hartford Hospital
from 2000 to 2011 and had a transthoracic echocardiogram
within 3 months prior to the procedure, were assessed to be
included in the study. Patients had to be in sinus rhythm during
echocardiography. Exclusion criteria included past history of
ischemic or structural heart disease, cardiac surgery, use of
supplemental oxygen at rest, end-stage renal disease requiring
hemodialysis, morbid obesity (body mass index >30 kg/m?),
obstructive sleep apnea requiring the need for nocturnal non-
invasive ventilation, estimated left ventricular ejection fraction
(LVEF) <45%, severe mitral or aortic stenosis or regurgitation
by American Society of Echocardiography (ASE) criteria and
constrictive pericarditis.
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Echocardiographic studies

All echocardiographic images were obtained from Siemens
Sequoia 512, Philips IE33 or Philips 7500 sonographs,
translated into digitized DICOM format and transferred to
an offline analysis system (Agfa Heartlab, Hackensack, NJ).
Echocardiographic variables including LV end-systolic and
end-diastolic volumes and left atrial (LA) diameter were
measured and LV mass index was calculated using the standard
ASE approved formula [14].

LVEF was measured from apical 4 and 2-chamber views
using Simpson’s biplane method [14]. LA volume was
calculated using the biplane method of discs [14]. E and A
wave velocities were measured using spectral Doppler with
the sample volume placed at the tips of the mitral leaflets.
Deceleration time (DT) was measured as the time required
for the diastolic pressure gradient between LA and LV to fall
to 0 mm Hg from its peak. Pulmonary vein (PV) flow was
interrogated using spectral Doppler with the sample volume
placed in the left upper PV from the apical 4-chamber view.
Peak PV flow in systole (PVs) and diastole (PVd) were
measured. All images were reviewed by a cardiologist board
certified in echocardiography (VR, DIS). DD was defined
by the presence of any 2 of the following Doppler findings:
a) Grade 1: DT >250 msec, E/A ratio <1, medial A>EF
PVs/PVd ratio >1.5; and b) Grades 2 and 3: E/A >1 DT
<160 msec, medial E/E’ >15, PVs/PVd ratio <0.3, medial E’
<7 cm/sec [15]. Tricuspid annular plane excursion (TAPSE),
a validated measure of right ventricular (RV) function, was
measured using standard techniques [15].

Data collection

Data was collected by retrospective review of the patients’
electronic medical record. Data gathered included patient
demographics, baseline clinical descriptors, nature of
surgery, measures of overall morbidity and mortality, and full
echocardiographic and Doppler descriptors of systolic and
diastolic function as outlined above. The primary outcome was
all-cause mortality. The minimum required duration of follow
up was 12 months. In the absence of follow up, mortality data
was obtained by searching the social security database or calling
the patients primary care physician. If these methods failed to
ascertain outcome, the patient was labeled as ‘lost to follow
up. Adverse intraoperative and postoperative events were
evaluated as secondary outcomes. These included bleeding,
hypotension, renal failure, length of stay, recurrent ascites and
readmission during the period of follow-up. Intraoperative
bleeding and hypotension were defined as episodes that
required blood transfusion or use of vasopressors. Length
of stay was considered prolonged if it exceeded 4 days for
non-transplantation abdominal surgery and 10 days for liver
transplantation.
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Statistical analysis

All data are presented as mean * standard deviation unless
otherwise specified. Means were compared using an unpaired
t test. Proportions were compared using a chi square test.
Analysis was performed using SPSS 19 software (IBM North
America, New York, NY). A P value of less than 0.05 was
considered statistically significant.

Results

A total of 140 patients met study criteria of which 63 (45%)
met criteria for DD (Table 1); of these; 14% had Grade II or
Grade III DD. Those with DD were older (P<0.005) and less
likely to have an isolated viral etiology of chronic liver disease
(P<0.05) (Table 1), but there were no other significant difference
between patients with and without DD. Twenty-eight patients
[16 with DD and 12 without DD (Table 1)] underwent non-
transplantation surgery, including laparoscopy/laparotomy,
mostly for cholecystomy and or lysis of adhesions (n=17),
splenorenal or other vascular shunt (n=8), and abdominal
hernia repair (n=3).

In patients with DD, E/A ratio was significantly reduced,
DT and LV mass index were significantly increased, and end-
diastolic dimension was significantly reduced compared to
those patients with normal diastolic function (Table 2). There
was no difference in mean LA volume or in the proportion of
patients with increased LA volume in either group (Table 2).
RV systolic function, as measure by TAPSE, was significantly
impaired in patients with DD (Table 2).

A total of 30 patients (21%) died within one year following
their procedure, and 110 patients (79%) experienced at
least one endpoint. Serum sodium and hematocrit were
significantly lower in those who died (Table 3). Creatinine
was significantly higher, and mean albumin was significantly
lower in patients with any adverse outcome (Table 3).
There were no other differences between patients with and
without endpoints. Overall one-year mortality rate was
22% (14/63) in patients with DD and 21% (16/77) in those
without (P=0.42). There was a trend towards higher length
of hospital stay (P=0.05) and readmission rate (P=0.05)
in patients with DD (Fig. 1). Postoperative complications
including ascites, jaundice, and encephalopathy or wound
infections were not statistically different between these two
groups.

Outcomes by type of surgery were examined. In patients
who underwent TIPS (n=27), there was no difference in
mortality when comparing patients with and without DD
(23 vs. 50%; X* = 0.083, P=0.773). The presence of DD did
not affect one-year mortality in patients who underwent liver
transplantation (12 vs. 10%; X* = 0.082, P=0.773), or those who
underwent non-transplantation abdominal surgery (10 vs.
17%; X* = 0.261, P=0.609).

Table 1 Patient characteristics divided by the presence and absence of
criteria for diastolic dysfunction

DD No LVDD P value
(n=63) (n=77)
Age (years) 56.6+9.2 50.8+9.5 0.0002
Male 45 59 0.25
Race
Hispanic 13 (20.6) 17 (22.1) 0.42
Caucasian 47 (74.6) 56 (72.7) 0.40
Others 3(4.8) 4(5.2) 0.46
Etiology
Viral 18 (28.6) 35 (45.5) 0.02
Alcohol 24 (38.1) 19 (24.7) 0.05
Viral+Alcohol 6(9.5) 9(11.7) 0.35
Others 15 (23.8) 14 (18.1) 0.21
Clinical characters (%)
BSA (m?) 2+0.26 1.9+0.24 0.06
DM 23 23 0.21
HTN 16 19 0.46
Ascites 41 54 0.27
Labs
Bilirubin (mg/dL) 6.7+10.1 4.9+7.0 0.12
Albumin (g/dL) 2.8+0.6 2.9+1.2 0.39
ALT (IU/L) 275960 134+430 0.14
Creatinine (mg/dL) 1.6+1.2 1.3£1.0 0.08
Sodium (mg/dL) 134+5.4 135+5.3 0.16
INR 2.2+2.8 2.6+3.9 0.24
Platelet count (x1000/UL)  131.4+£98.6  127.7+92.8 0.41
MELD 20+9 20£10 0.41
Nature of surgery (%)
Transplantation 34 (54) 51 (66.2) 0.07
Non-transplantion 16 (25.4) 12 (15.6) 0.08

TIPS 13 (20.6) 14 (18.2) 0.36

BSA, body surface area; DM, diabetes mellitus; HTN, hypertension;
ALT, alanine aminotransferase; INR, international normalized ratio;
MELD, model for end stage liver disease; TIPS, transjugular intrahepatic
portosystemic shunt; LVDD, left ventricular diastolic dysfunction

Discussion

In this retrospective study of 140 patients with cirrhosis
undergoing various abdominal surgeries, we found no
difference in any indicator of DD between those patients who
experienced an adverse postoperative outcome, including
one-year mortality, and those who did not. Preoperative
risk assessment for cirrhotic patients undergoing liver
transplantation surgery can be challenging. The significance
of DD in preoperative cardiac risk assessment in this cohort
is unclear. In a retrospective study analyzing outcomes in
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306 patients undergoing OLT, those with DD (100 / 306) were
noted to have significantly higher incidence of post reperfusion

Table 2 Echocardiography parameters in patients with and without
diastolic dysfunction

LVDD No LVDD P value

(n=63) (n=77)
E/A 1.0+£0.41 1.3+0.27 <0.0001
DT (msec) 25698 213+58 0.001
LAD (cm) 3.9+0.6 4+0.7 0.13
LAV (mL) 49.8+24.8 51.6+21.9 0.33
LAVI>32 14 (22.2%) 20 (26%) 0.31
PASP (mmHg) 30.4+9.2 30.8+12.4 0.44
TAPSE (mm) 20£9.9 22.7+5.7 0.024
LV-mass (g) 194+65.4 179+67.7 0.08
LV-mass Index (g/m?) 102+33.5 89+30.6 0.01
LVEDV (mL) 71.4+34.9 82.3+35.8 0.04
LVESV (mL) 25+14.9 26.4+14.8 0.30
LVEF (%) 65.7+12.9 67.6+8.7 0.15

DT, deceleration time; LAD, left atrial dimension; LAV, left atrial volume
index; PASP, pulmonary artery systolic pressure; TAPSE, tricuspid annular
plane systolic excursion; LVEDV, left ventricular end-diastolic dimension;
LVESYV, left ventricular end-systolic dimension; LVEE, left ventricular ejection
fraction

syndrome requiring intraoperative inotropic support (29%
vs. 11%; P<0.01) [13]. However there was no difference in
mortality between the two groups [13].

In most studies evaluating DD in cirrhotics, diagnosis
has been based solely upon E/A ratio <1 using 2D-Doppler
echocardiography [9,10]. E/A ratio, however, has important
limitations, including load and age dependence in patients
otherwise free of heart disease [15,16]. Current guidelines for
evaluation of diastolic function are far more comprehensive,
and include measurement of DT, PV flow, and tissue Doppler
imaging (TDI) [15]. In addition, inclusion of ancillary findings
such as indexed LV mass and LA volume, which were included
in our study increase the accuracy of diagnosis. Because TDI
parameters were only available in a minority of our patients
(n = 63), we could not include them for every patient, but the
addition of DT and PV flow pattern for all patients represents
a significant advance over previous reports. The prevalence of
DD in our cohort falls within the previously reported range of
40% to 56% [9,10], and is also consistent with a more recent
study that included TDI as a diagnostic criterion [12].

Also in contrast to previous studies, incidence of DD did not
differ in any subset of our cohort. Previous studies have noted
a higher incidence of DD in cirrhotics with ascites [17], and
significant improvement in diastolic function after abdominal
paracentesis [18]. We did not find any association between ascites
and DD in our study population. Abnormal diastolic function
has been reported to precede systolic dysfunction in patients

Table 3 Clinical characteristics and echocardiography parameters in patients with and without adverse outcomes

Variable Alive at one year? Postoperative event?

Yes No P value Yes No P value
Age 53+10 54+8.9 0.623 53%10 53+10 0.918
E/A ratio 1.2+0.4 11.22:0),3 0.480 1.2+0.4 1.2+0.3 0.48
DT (msec) 253+73 223+107 0.429 235+86 223463 0.407
LAVI (mL/m?) 25+12 24+13 0.628 24+13 29+17 0.102
PASP (mmHg) 32+9.9 30+11 0.693 30+11 30+10 0.693
TAPSE (mm) 22+8.5 20+5.6 0.391 2249 207 0.407
LV-mass index (g/m?) 94+33 97430 0.649 94433 97+30 0.649
DD 47 45 0.836 53 59 0.269
Sodium 135+5 132+6 0.016 134+5 136+5 0.064
Hematocrit 34+6.3 31+6.5 0.041 33+6.5 34+5.6 0.698
LVEF (%) 67+10 6712 0.848 66+10 69+10 0.286
Ascites (%) 70 69 0.877 70 63 0.462
Bilirubin (mg/dL) 5,6+8.6 6.6+9.9 0.507 6.1+8.9 52489 0.830
Albumin (g/dL) 2.9+1.1 2.6+0.6 0.073 2.7+0.5 3.5+1.8 <0.0001
ALT (IU/L) 216+808 1974617 0.906 209+799 225+655 0.923
Creatinine (mg/dL) 1.4+1.1 1.5+£0.9 0.521 1.5+1.2 1.1+0.7 0.034
INR 2.5£3.6 2.242.3 0.696 2.5+3.7 2.0+1.9 0.510

DD, diastolic dysfunction; DT, deceleration time; LAD, left atrial dimension; LAVI, left atrial volume index; PASP, pulmonary artery systolic pressure;
TAPSE, tricuspid annular plane systolic excursion; LV, left ventricle; LVEF, left ventricular ejection fraction; ALT, alanine aminotransferase; INR, international

normalized ratio
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P<0.05
45 -

0
Bleeding Hypotension Long LOS RF

OLVDD (n=63)
W no LVDD (n=77)

Ascites LOS (d) Readmit Death<1 yr

Figure 1 Outcomes in patients with and without diastolic dysfunction

LOS, length of stay; RE, renal failure; LVDD, left ventricular diastolic dysfunction

with alcoholic cirrhosis [19], in a dose-dependent fashion [19].
In our study, patients with DD were more likely to have alcoholic
cirrhosis compared to a viral etiology (48% vs. 36%) but the
difference was not statistically significant.

In cirrhotics, the surgical risk depends on both disease
severity as categorized by the MELD score [20], and type and
urgency of surgery [21]. Other factors that have been known
to predict increased operative mortality include advanced age,
ASA class, and hypoalbuminemia [22,23], a finding with which
our data are consistent. Recent studies have also found DD to
be a marker of advanced cirrhosis and HRS [12]. The increased
renal dysfunction in patients with adverse postoperative
outcomes in our study patients is again consistent with those
findings. Patients with normal and abnormal diastolic function,
however, had comparable MELD scores.

Our study has several limitations. Firstly, this study
represents a retrospective analysis. However, given the high
prevalence of DD in our patient population any clinically
significant predictor of adverse outcome would have been
conspicuous despite subtle confounding resulting from
retrospective observation. Secondly, TDI data was not uniformly
available for all patients. However, the addition of DT and PV
data represents a significant advance over previous studies in
this field. Finally, the small number of patients undergoing
non-transplantation abdominal surgery in our cohort makes
it difficult to interpret the clinical impact of DD in this patient
population. Based on our limited data it appears that DD
does not impact postoperative outcomes in these patients.
Given the common notion that DD adversely affects surgical
outcomes in patients with cirrhosis, we decided to include
commonly performed procedures in cirrhotics including TIPS,
transplantation and non-transplantation abdominal surgeries.
Although this makes the study population heterogeneous,
our results can aid decision-making in clinical practice till
more studies are available in specific surgical cohorts. Given
the relative rarity of elective non-transplantation abdominal
surgery in patients with cirrhosis, a large multicenter study

is warranted to assess outcomes of any one specific surgical
procedure.

As previously mentioned, we believe the estimation of DD
by E/A ratio alone is subject to several limitations and might
explain in part the lack of a difference in our cohort where
previous studies data have suggested that a clinically relevant
effect might be present. Although DD is well known to impact
outcomes in non-cirrhotic patients, it is also true that cirrhosis
imparts a complex series of hemodynamic changes that make
it a unique disease state. One example of this is the pronounced
reduction in systemic vascular resistance which may serve as
an intrinsic afterload reduction, which may mitigate in part the

possible consequence of impaired diastole.
To conclude, DD is common in patients with cirrhosis

and normal LV systolic function, but was not associated
with increased risk of mortality after TIPS, OLT or non-
transplantation abdominal surgery in this study. Further

Summary Box
What is already known:

« Diastolic dysfunction is common in patients with
chronic liver disease

o Clinical impact of diastolic dysfunction in patients
with cirrhosis is widely debated

What the new findings are:

o The presence of diastolic dysfunction is not
associated with increased one-year mortality in
patients with cirrhosis undergoing transjugular
intrahepatic porto-systemic shunt or abdominal
surgeries including liver transplantation
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prospective studies using TDI are warranted to study the clinical
significance of DD as a predictor of adverse postoperative
outcomes in patients with liver disease.
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