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Application of a standardised protocol for hepatic
venous pressure gradient measurement improves quality
of readings and facilitates reduction of variceal bleeding

in cirrhotics
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INTRODUCTION Hepatic venous pressure gradient (HVPG) measurement is recommended for prognostic and
therapeutic indications in centres with adequate resources and expertise. Our study aimed to evaluate the quality of
HVPG measurements at our centre before and after introduction of a standardised protocol, and the clinical relevance
of the HVPG to variceal bleeding in cirrhotics.

METHODS HVPG measurements performed at Singapore General Hospital from 2005-2013 were retrospectively reviewed.
Criteria for quality HVPG readings were triplicate readings, absence of negative pressure values and variability of < 2 mmHg.
The rate of variceal bleeding was compared in cirrhotics who achieved a HVPG response to pharmacotherapy (reduction
of the HVPG to < 12 mmHg or by > 20% of baseline) and those who did not.

RESULTS 126 HVPG measurements were performed in 105 patients (mean age 54.7 + 11.4 years; 55.2% men). 80% had
liver cirrhosis and 20% had non-cirrhotic portal hypertension (NCPH). The mean overall HVPG was 13.5 + 7.2 mmHg,
with a significant difference between the cirrhosis and NCPH groups (p < 0.001). The proportion of quality readings
significantly improved after the protocol was introduced. HVPG response was achieved in 28 (33.3%, n = 84) cirrhotics.
Nine had variceal bleeding over a median follow-up of 29 months. The rate of variceal bleeding was significantly lower in
HVPG responders compared to nonresponders (p = 0.025).

CONCLUSION The quality of HVYPG measurements in our centre improved after the introduction of a standardised

protocol. A HVPG response can prognosticate the risk of variceal bleeding in cirrhotics.

Keywords: Asia, hepatic venous pressure gradient, quality, Singapore, variceal bleeding

INTRODUCTION

Portal hypertension is an important consequence in the natural
history of liver cirrhosis and is recognised as an independent
factor for survival.” The severity of portal hypertension is directly
related to the development of life-threatening consequences,
including variceal bleeding, ascites, hepatic encephalopathy
and hepatorenal syndrome. The quantitative estimation of portal
hypertension via measurement of the hepatic venous pressure
gradient (HVPQ) is an accepted and validated method shown to
have an important clinical impact on the management of patients
with cirrhosis.®?

Many publications have demonstrated the benefits of HVPG
measurement in predicting the risk of variceal bleeding for both
primary and secondary prophylaxis, and determining response
to pharmacological therapy.“® However, HVPG measurement
is an invasive procedure that requires expertise and technical
training; as such, it is not routinely available in all hospitals. In
recent years, there has been increasing acceptance of the role of
the HVPG in the management of portal hypertension. The 2005
Baveno IV International Consensus Workshop on methodology of

diagnosis and therapy in portal hypertension stated that “HVPG
monitoring identifies patients with cirrhosis who will benefit from
nonselective beta-blocker therapy in primary prophylaxis’ but the
“routine use of HVPG cannot be recommended’.® The HVPG
has since demonstrated diagnostic, prognostic and therapeutic
value in the management of liver cirrhosis. Specifically, it has been
found that reduction of the HVPG to < 12 mmHg or by > 20%
of the baseline value significantly reduces the risk of recurrent
variceal bleeding and mortality, making the HVPG a valuable tool
for the clinical management of cirrhosis.® The most recent Baveno
VI International Consensus Workshop in 2015 now recommends
that “HVPG measurement is the gold standard method to assess
the presence of clinically significant portal hypertension”.” As the
HVPG is used to guide important clinical decisions, it is crucial
for the procedure to be performed in a standardised manner and
that the results are accurate and reproducible.®

The HVPG is used in other areas of the world, but there
have been no reports of its use in clinical practice in Southeast
Asian countries. Although HVPG measurement has been
performed at our centre since 2005, it was initially performed
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Table I. Standardised protocol for hepatic venous pressure gradient (HVPG) measurement.

1. All interventional radiologists involved in performing HVPG measurements are qualified and trained to perform HVPG.
2. Appropriate recording scales for venous pressures are used instead of arterial pressure scales.
8, The transducer is fixed at the level of the right atrium in the midaxillary line for all patients and calibrated against known

external pressures.

4. Ultrasonography-guided puncture of the internal jugular vein is performed using a strict aseptic technique after infiltrating the
entry site with lidocaine. Position of the guidewire in the vein is confirmed by fluoroscopy.

5. A 6 French (Fr) sheath is inserted over the guidewire and is secured in the internal jugular vein, through which a 4 Fr
Multipurpose A catheter (Cordis, Johnson and Johnson, Florida, USA) is advanced into the hepatic vein under fluoroscopic
guidance. The middle hepatic vein is preferentially cannulated, failing which the right hepatic vein is cannulated.

The catheter is positioned no more than 2 cm into the hepatic vein for measurement of the free hepatic venous pressure (FHVP).

An occlusion 5.5 Fr ‘over-the-wire’ Fogarty balloon catheter (Edwards Lifesciences, California, USA) is used for all wedged
hepatic venous pressure (WHVP) measurements unless deemed unnecessary by the operator. After advancing the catheter
distally into the appropriate position in the hepatic vein, the balloon is inflated.

8. After inflation of the balloon, 5 mL of contrast is injected and a venogram obtained to ensure total occlusion of the hepatic vein.
This step is essential to exclude the presence of intrahepatic venous-to-venous shunts that would result in underestimation of
the true WHVP. If total occlusion of the hepatic vein is not satisfactorily obtained, the balloon is deflated and the catheter is

repositioned to ensure adequate occlusion.

9. Adequate time (at least 45-60 s) is allowed for stabilisation of readings before a final measurement is recorded.

10. The balloon is deflated and a second FHVP reading is measured. The balloon is then re-inflated and a second WHVP reading is
measured without changing the position of the balloon catheter. A total of three sets of FHVP and WHVP readings are measured.

11. If any of the repeat FHVP or WHVP readings differ by > 2 mmHg, the reading is discarded. The position of the catheter is
rechecked and the measurement is repeated. The balloon catheter may require flushing with saline to remove remnant contrast

material that may result in erroneous pressure readings.

12. In addition to the FHVP and WHVP readings, pressure measurements of the inferior vena cava (at the level of the hepatic veins),

right atrium and pulmonary artery are recorded.

by a small number of trained personnel without a specific
protocol. Therefore, HVPG readings were often inconsistent
and unstandardised, limiting their clinical applicability. In 2009,
we initiated a multidisciplinary protocol to standardise HVPG
measurement techniques in our centre based on recommended
quality criteria.® This study aimed to evaluate the quality of
HVPG measurements performed in our centre before and after
institution of a standardised protocol. In addition, we aimed
to evaluate the clinical relevance of HVPG measurements to
variceal bleeding in cirrhotics.

METHODS
Patients who underwent HVPG measurement at Singapore General
Hospital, Singapore, from 2005-2013 were retrospectively
identified from the computerised hospital database. Patient
demographics and clinical data, including aetiology of liver
disease, indication for HVPG measurement, dose of nonselective
beta-blockers (NSBB) and episodes of variceal bleeding,
were recorded in a standardised data form. HVPG data was
systematically retrieved from the system, including measurements
of the wedged hepatic venous pressure (WHVP), free hepatic
venous pressure (FHVP), inferior vena cava (IVC) pressure at the
level of the hepatic vein, and right atrial (RA) and pulmonary
artery (PA) pressure. In patients with transjugular intrahepatic
portosystemic shunts (TIPS), direct portal venous pressure, FHVP,
IVC pressure and portosystemic gradient measurements were
recorded.

Pressure measurements were performed using a catheter
with a pressure transducer at the tip, which was passed under
fluoroscopic guidance into either the middle or right hepatic vein.

This was accessed via the transjugular approach in all patients.
Within the hepatic vein, the FHVP was recorded as the pressure
reading when the catheter was free in the lumen of the hepatic
vein (approximately 1-2 ¢cm from the IVC). The catheter was
advanced into the hepatic vein as far as possible and the WHVP
was measured and recorded; it was then withdrawn and further
pressure readings were taken in the IVC at the level of the hepatic
vein, the RA and the PA (when indicated). All pressure readings
were recorded in mmHg. The HVPG was calculated using the
formula: WHVP — FHVP = HVPG. There was no standardisation
in the positioning of the transducer. Arterial pressure scales were
sometimes used for measurement. Balloon catheters were not
used for assessment of the WHVP.

A standardised HVPG protocol was introduced in 2009
in order to improve the quality of HVPG measurements at our
centre (Table ). This was a collaborative multi-disciplinary effort
including hepatologists and interventional radiologists involved
in the management of patients with chronic liver diseases. The
protocol incorporated the following standardised approach to
HVPG measurements:

1. Patient selection — Indications for HYPG measurement were
categorised as follows:

(@) Prognostication of variceal bleeding in liver
cirrhosis — Cirrhotics with large varices who were on
the maximal propranolol dosage (optimised to a resting
heart rate of 60 beats per minute [bpm] and resting
systolic blood pressure of 100 mmHg) were selected
to undergo HVPG measurement to prognosticate for
variceal bleeding risk. Mean propranolol dosage was
40 mg TDS (three times a day; 120 mg/day). Patients
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with a HVPG < 12 mmHg were maintained on their
propranolol dosage, whereas those with a HVPG
> 12 mmHg either had their propranolol dose increased
further (optimised to a resting heart rate of 55 bpm) or
had nitrates added.

(b) Assessment of therapeutic response — In the subset of
patients who had a baseline HVPG = 12 mmHg, HVPG
measurement was repeated after further optimisation
of pharmacotherapy (either by increasing propranolol
dosage or adding isosorbide mononitrate) to assess for
response (defined as a reduction of the HVPG by > 20% of
baseline value and/or reduction in HVPG to < 12 mmHg).
Patients were followed up to the end of the study to
monitor for episodes of variceal bleeding.

—
o

Diagnostic differentiation between cirrhotic and non-
cirrhotic portal hypertension (NCPH) — Patients who
presented with features of portal hypertension but did
not have features suggestive of liver cirrhosis were
selected for HVPG measurement and transjugular liver
biopsy as part of a diagnostic protocol for the evaluation
of NCPH.

(d) Pre- and post-TIPS evaluation — HVPG measurements
were routinely taken prior to the insertion of TIPS. For
elective TIPS, the HVPG was measured as a separate
procedure in the pre-TIPS evaluation to establish the
baseline portosystemic gradient. In acute TIPS, the HVPG
was measured immediately prior to the insertion of
TIPS. The HVPG was routinely assessed in all post-TIPS
patients on Day 5 = 2 days to document the post-TIPS
portosystemic gradient.

2. Standardisation of HVPG procedure — All interventional
radiologists involved in performing HVPG measurements
followed the standardised protocol detailed in Table I.

3. Reporting of HVPG results — The finalised HVPG results were
reported using a standardised template that, in addition to
RA, IVC and PA readings, required a complete description
of triplicate WHVP, FHVP and HVPG values.

4. Post-HVPG care — All patients were provided with adequate
compression and a pressure bandage over the puncture
point in the neck. Analgesia (per oral paracetamol 1 g) was
given if required. Patients’ vital signs were monitored every
15 minutes for the first two hours, every 30 minutes for the
next two hours and every hour for the following two hours.
Patients were monitored for the development of any neck
haematoma.

The quality of HVPG measurements before and after the
introduction of the protocol was compared to evaluate the
effectiveness of the protocol in improving the quality of HVPG
measurements in our centre. HVPG readings that fulfilled
all three of the following criteria selected for this study were
considered quality HVPG readings: (a) Measurements should
be repeated at least three times (i.e. in triplicate) in order to
ensure reproducibility. (b) There should not be any negative
pressure readings. Such readings indicate improper placement
of the transducer, resulting in erroneous measurements. (c) For a
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Table Il. Demographics of patients included in the study (n = 105).

Characteristic No. (%)
Age* (yr) 54.7+11.4
Sex
Male 58 (55.2)
Female 47 (44
Ethnicity
Chinese 85 (81.0)
Malay 8 (7.6)
Indian 8 (7.6)
Others 4 (3.8)
Aetiology of liver disease
Hepatitis B 30 (28.6)
Hepatitis C 5 (4.8)
Nonalcoholic steatohepatitis 15 (14.3)
Alcoholism 15 (14.3)
Cryptogenic cirrhosis 13 (12.4)
Autoimmune cirrhosis (AIH/PBC) 6 (5.7)
NCPH 21 (20.0)
Indication for HVPG measurements
Diagnostic (cirrhosis vs. NCPH) 44 (41.9)
Assess response to beta-blocker 46 (43.8)
Pre-TIPS assessment 15 (14.3)
HVPG studies performed per patient
1 90 (85.7)
2 9 (8.6)
3 6 (5.7)
HVPG* (mmHg)
Overall 185 & 7.2
Cirrhosis group 15.8+6.2
NCPH group 53EE1319

*Data presented as mean * standard deviation. AlH: autoimmune hepatitis;
HVPG: hepatic venous pressure gradient; NCPH: non-cirrhotic portal
hypertension; PBC: primary biliary cirrhosis; TIPS: transjugular intrahepatic
portosystemic shunts

meaningful median value to be selected, measurements should
be consistent and should not differ by more than 2 mmHg.

Clinical outcome was based on available hospital records
up to 31 December 2013. Hospital admissions for variceal
bleeding, ascites, hepatic encephalopathy and development
of hepatocellular carcinoma were recorded, as well as
complications from the HVPG procedure and patient mortality
during the study period. The main clinical outcome in this
study was variceal bleeding occurring after baseline HVPG
measurement was performed. The median follow-up period was
29 (range 1-104) months.

Data analysis was performed using IBM SPSS Statistics
version 19.0 (IBM Corp, Armonk, NY, USA). Mean values
(expressed as mean + standard deviation) of the HVPG were
tabulated for the various groups of patients and compared using
Student’s ttest. Proportions were compared using chi-square
test. A p-value < 0.05 indicated statistical significance. The study
protocol was approved by the hospital’s Centralised Institutional
Review Board.
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RESULTS

A total of 126 HVPG measurements from 105 patients were taken
between 2005 and 2013 (Table Il). The mean patient age was
54.7 + 11.4 years and 55.2% (n = 58) of the patients were men.
81.0% of the patients were Chinese, 7.6% were Malay and 7.6%
were Indian. The aetiology of liver disease was liver cirrhosis
in 80.0% of the patients and NCPH in the remaining 20.0%.
The aetiologies of liver cirrhosis included chronic hepatitis B
(28.6%), alcoholism (14.3%), nonalcoholic steatohepatitis
(14.3%), chronic hepatitis C (4.8%), cryptogenic cirrhosis
(12.4%) and autoimmune liver disorders (5.7%). 90 patients
(85.7%) had a single HVPG measurement and 15 (14.3%)
had repeat HVPG measurements. The mean HVPG for all
patients was 13.5 + 7.2 mmHg and was significantly different
between patients with liver cirrhosis and those with NCPH
(15.8 £ 6.2 mmHg vs. 5.3 £ 3.9 mmHg; p < 0.001). Indications
for HVPG measurement were: assessment of response to NSBB
therapy (43.8%), diagnosis of portal hypertension (41.9%) and
pre-TIPS assessment (14.3%).

The number of HVPG measurements performed per
year increased after the implementation of the standardised
protocol in 2009. Between 2005 and 2008, 18 (17.1%) HVPG
measurements were performed, whereas 87 (82.9%) were
performed from 2009 to 2013 after the introduction of the
standardised protocol. Quality HVPG readings were obtained
in 59.0% of the entire cohort (Table IIl). After introduction of
the standardised protocol, the proportion of quality readings
improved significantly from 5.6% to 70.1% (p < 0.001). Of
the three defining criteria for quality readings, there was a
significant improvement in the number of triplicate readings
and number of readings that did not differ by > 2 mmHg, but
there was no significant difference in the presence of negative
pressure readings.

We analysed the 84 patients with cirrhosis to evaluate
the difference in the occurrence of variceal bleeding in those
who achieved a target HVPG response, defined as a HVPG
< 12 mmHg in patients who were on optimal doses of NSBB,
and/or > 20% reduction from baseline in patients with repeat
HVPG measurements after optimisation of pharmacotherapy.
9 (10.7%) patients had variceal bleeding during the follow-up
period (Table IV). The rate of variceal bleeding was significantly
higher in those who failed to achieve the target HVPG response
(16.1%) compared to those who achieved a HVPG response
(0%). None of the cirrhotics with a HVPG < 12 mmHg had
variceal bleeding. 15 patients had repeat HVPG measurements
after optimisation of pharmacotherapy following a baseline
HVPG measurement. 4 (44.4%) of the nine patients who failed
to achieve 20% reduction of the baseline HVPG had variceal
bleeding. In contrast, no variceal bleeding occurred in the six
patients who had reduction of the HVPG of > 20% from the
baseline.

No significant complications were encountered in the
126 HVPG studies performed during the study period.
Specifically, no patients developed significant neck haematomas,
inadvertent carotid punctures or significant cardiac arrhythmias.

Table lll. Proportion of quality hepatic venous pressure gradient
measurements before and after the standardised protocol.

Fulfilled criteria Before protocol After protocol p-value

(n=18) (%) (n=87) (%)

Triplicate readings 2 (11.1) 63 (72.4) < 0.001
Readings do not differ 1 (5.6) 61 (70.1) < 0.001
by > 2 mmHg

Absence of negative 16 (88.9) 82 (94.3) NS
pressure readings

All three quality criteria 1 (5.6) 61 (70.1) < 0.001

NS: not significant

Table IV. Rate of variceal bleeding in cirrhotics after hepatic venous
pressure gradient (HVPG) optimisation (n = 84).

Characteristic No. of patients p-value
with variceal
bleeding (%)
HPVG response 0.03
Yes (n = 28)
No (n = 56) 9 (16.1)
HPVG 0.04
<12 mmHg (n = 24)
> 12 mmHg (n = 60) 9 (15.0)
Reduction from baseline (n = 15) 0.07

>20% (n =6) 0
<20% (n = 9) 4 (44.4)

DISCUSSION

We have shown that the implementation of a standardised
protocol significantly improved the quality of HVPG studies
performed in our centre. This supports the recommendations by
Groszmann and Wongcharatrawee®, and Kumar et al, who
advocate the importance of proper HVPG technique in order
for meaningful clinical decisions to be made based on these
measurements. Prior to implementation of the standardised
protocol, there was wide variation in the quality of HVPG
measurements at our centre; many patients did not have repeat
measurements and more than half had variations in repeat
readings of > 2 mmHg. The final reports of many HVPG studies
were incomplete, making interpretation of the data difficult. With
the implementation of a standardised protocol, we demonstrated
the ability to consistently obtain quality HVPG readings at our
centre. Our study also provides evidence to support the role
of the HVPG in the clinical management of variceal bleeding
in cirrhotics. Reliable HVPG readings enable clinicians to
prognosticate bleeding risk in responders and nonresponders to
NSBB, and manage their patients appropriately.

The HVPG results in our study are compatible with those
reported in the literature. The mean HVPG in our cirrhotic cohort
was 15.8 £ 6.2 mmHg. This is similar to the studies published by
Kim et al"® and Garg et al,"" which reported a mean HVPG of
15.6 £ 5.1 mmHg and median HVPG of 16 (range 12-30) mmHg,
respectively. Despite a small sample size, our study demonstrated
a significant difference (p = 0.04) in the risk of variceal bleeding
in cirrhotics with a HVPG = 12 mmHg compared with those
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with a HVPG < 12 mmHg. The incidence of variceal bleeding
in the former group was 15.0% over a median follow-up period
of 2.5 years. In the latter group with a HVPG < 12 mmHg, no
patient had variceal bleeding, confirming the observation by
Groszmann." The 12 mmHg cut-off value is useful to guide
management, providing prognostic and therapeutic benefits
including titrating the dosage of beta-blockers.'%

HVPG measurement is a useful diagnostic tool in the evaluation
of portal hypertension and is useful in differentiating between
cirrhotic and non-cirrhotic aetiologies. Although the clinical
presentation of NCPH is similar to cirrhosis with splenomegaly,
thrombocytopenia, large varices and nodularity of the liver on
imaging, a normal HVPG reading suggests a diagnosis of NCPH,
in contrast to the elevated HVPG found in liver cirrhosis."*'® In
our study cohort, patients with NCPH had a normal mean HVPG
of 5.3 = 3.9 mmHg. This demonstrates the clinical utility of the
HVPG in differentiating the classical sinusoidal portal hypertension
seen in cirrhosis from the pre- or post-hepatic portal hypertension
associated with non-cirrhotic aetiologies of portal hypertension.
Coupled with transjugular liver biopsy, HVPG measurement is
an essential diagnostic tool and should be an integral part of the
routine evaluation of patients with portal hypertension in whom
a non-cirrhotic aetiology is suspected.”

International consensus guidelines now recommend
the routine use of the HVPG for prognostic and therapeutic
indications in primary prophylaxis of variceal bleeding.”'® For
the reduction of mortality, a therapeutic target of a decrease in the
HVPG of > 20% from baseline or to < 12 mmHg after optimised
treatment with NSBB is clinically relevant, and represents the
current standard of care.” In order to optimise the management
of our patients with portal hypertension, it is important for us to
be able to perform HVPG measurements in a safe and reliable
manner. The use of HVPG-based response guided therapy,
otherwise termed the ‘a la carte” approach, has been shown to
reduce variceal bleeding rates in responders to pharmacologic
therapy to 10% over two years.!"?

The HVPG also plays an important role in differentiating
responders to NSBB from nonresponders. It has been suggested
that an acute HVPG response (by a reduction in the HVPG of
at least 10%) to intravenous propranolol can effectively identify
responders to NSBB.#? This strategy is useful in identifying
the nonresponders, for whom endoscopic band ligation
should be recommended. This will reduce the rate of variceal
bleeding, which is estimated to be approximately 30% in NSBB
nonresponders.

In patients presenting with acute variceal bleeding, early
HVPG measurements have been shown to identify a subgroup
of patients who are at high risk of early rebleeding. A HVPG
> 20 mmHg 24 hours after an episode of acute variceal bleeding
is predictive of treatment failure and increased mortality.®" Early
TIPS in these high-risk patients has been shown to reduce mortality
risk.?? The HVPG has also been shown to be useful in predicting
prognosis and survival in cirrhotics.?® It also has clinical value
in preoperative risk assessment of cirrhotics undergoing hepatic
resection for hepatocellular carcinoma.?"
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The implementation of a standardised protocol enabled our
centre to provide quality HVPG readings in more than 70% of
procedures. In the remaining 30% of cases in which quality
readings were not obtained, there was a significant difference
in the measurement of HVPG readings in triplicate based on the
indication for HVPG. In patients who had HVPG measured for
pre-TIPS assessment, only 53.8% of cases had triplicate readings.
In contrast, 75.7% of patients undergoing HVPG measurement
for non-TIPS indications had triplicate readings according to the
prescribed protocol. In patients undergoing emergency TIPS for
acute variceal bleeding, time is often of the essence. In these
unstable patients, the priority is often to deploy and inflate TIPS
as soon as possible in order to reduce the portal pressure and stop
the variceal bleeding. In such situations, the procedurist may not
take the additional time to measure pressure readings in triplicate.

Despite its retrospective nature, the results of this study
provide objective information about the feasibility and quality
of HVPG measurements performed at our centre. To date, there
is no published data on HVPG procedures in Singapore. Even
within the Southeast Asian region, there is little information about
the ability to provide reliable and accurate HVPG measurements.
We believe it is important for practising physicians to be updated
on the feasibility of HVPG-guided pharmacotherapy in the
management of portal hypertension in our region. Our study
provides some evidence that HVPG-guided therapy improves
clinical outcome in cirrhotics. However, a prospective study of
the ‘a la carte’ treatment based on baseline and repeat HVPG
measurements is required to provide conclusive evidence of
significant improvement in clinical outcome in local patients. In
addition, our study provides evidence that HVPG measurement
is a safe and well-tolerated procedure with minimal patient
discomfort.

In conclusion, our centre possesses the adequate resources
and expertise to perform HVPG measurements of good quality
that are in keeping with international recommendations. We
recommend that HVPG measurements should be routinely used
for prognostic and therapeutic indications in the management of
patients with portal hypertension in Singapore.
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