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EDITORIAL

ALBI grade as a new player in hepatocellular
carcinoma
Teh-Ia Huo*
Department of Medicine, Taipei Veterans General Hospital, Taipei, Taiwan, ROC; Faculty of Medicine, Institute of Pharmacology,
National Yang-Ming University School of Medicine, Taipei, Taiwan, ROC

Hepatocellular carcinoma (HCC) is a common malignancy in
South Africa and Asia. Increasing incidence of HCC in other
parts of the world has also been observed. The management
and prognosis of HCC depend not only on tumor burden itself
but also heavily on liver functional reserve.1 Assessment of liver
dysfunctional is therefore an integral part in the management
of HCC. The Child-Turcotte-Pugh (CTP) classification system
was initially designed to assess prognosis after surgery for variceal bleeding in cirrhotic patients, and it has been widely used
for decades in assessing the severity of liver dysfunction. Many
HCC staging systems, including the currently recommended
Barcelona Clínic Liver Cancer (BCLC) staging system, adopt
CTP classification as an indicator of liver disease severity.2
The CTP classification is not without its shortcomings.
Some variables, such as albumin and ascites, are intercorrelated, whereas others such as ascites and encephalopathy, may be
subject to inter-observer variation. Alternatively, incorporating
serum bilirubin, creatinine, and prothrombin time, the model
for end-stage liver disease (MELD) was widely applied to prioritize organ allocation for end-stage cirrhotic patients awaiting
liver transplantation.3,4 However, the use of the MELD score
in HCC patients with less severe liver dysfunction had been
challenged. As a result of international collaboration, the albumin-bilirubin (ALBI) grade was proposed as a simple and
objective method for assessment of liver function in HCC.5
The ALBI grade was calculated based on pre-treatment serum
albumin and bilirubin level. Although the ALBI grade has been
validated externally by several independent research groups, its
clinical feasibility is still under critical evaluation.
One of the advantages of using ALBI grade in predicting the
outcome of HCC patients is its simple design-only albumin and
bilirubin are used. However, its predictive accuracy in early stage
HCC after curative therapy is unclear. In this issue’s Journal of the
Chinese Medical Association,6 Dr. Chen et al. reported the longterm prognosis of patients with single HCC <2 cm (equivalent to
BCLC stage 0) after radiofrequency ablation. The authors found
that the ALBI grade was strongly associated with the occurrence
of tumor recurrence and patient’s long-term survival. These data
further highlight the rationale of using ALBI in assessing the outcomes for patients with very early stage HCC that is traditionally
considered to associate with a favorable outcome. Based these
*Address correspondence: Dr. Teh-Ia Huo, Division of Gastroenterology and Hepatology, Department of Medicine, Taipei Veterans General Hospital, 201, Section 2,
Shi-Pai Road, Taipei 112, Taiwan, ROC. E-mail address: tihuo@vghtpe.gov.tw (T.-I.
Huo).
Conflicts of interest: The author declares that he has no conflicts of interest related
to the subject matter or materials discussed in the article.
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findings, the ALBI grade may be further employed to evaluate
the suitability of future clinical trial design.
A potential weakness of the ALBI grade is that it does not
incorporate the status of portal hypertension. Blood platelet
count was recently proposed as a surrogate marker of portal
hypertension to develop the platelet-ALBI (PALBI) grade.7
Albumin, bilirubin, and platelet count can be readily obtained
from routine blood tests. The ALBI and PALBI grade are thus
evidence-based measurements for hepatic dysfunction in HCC
patients. A more recent study showed that among CTP class A
patients, the PALBI grade can further differentiate into three
distinct prognostic group independent of treatment modality.8
As such, the PALBI grade may deserve further evaluation in Dr.
Chen’s patient cohort. In conclusion, the CTP classification and
MLD score are essential but far-from-perfect tools to represent
liver functional reserve in HCC. Both ALBI and PALBI grade
are objective, discriminatory, and evidence-based methods of
assessing liver dysfunction. Both models are more clinically feasible especially in patients with minimal liver dysfunction who
undergo aggressive therapies. It is crucially important to implement these objective models into current HCC staging systems
to further enhance their prognostic ability.
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Albumin-bilirubin grade may determine the
outcomes of patients with very early stage
hepatocellular carcinoma after radiofrequency
ablation therapy
Po-Chun Chena, Nai-Chi Chiub,c, Chien-Wei Sua,c,*, Yi-Hsiang Huanga,d, Ming-Chih Houa,c, Han-Chieh Lina,c,
Jaw-Ching Wud,e
a

Division of Gastroenterology and Hepatology, Department of Medicine, Taipei Veterans General Hospital, Taipei, Taiwan, ROC;
Division of Gastrointestinal Radiology, Department of Radiology, Taipei Veterans General Hospital, Taipei, Taiwan, ROC;
c
Faculty of Medicine, School of Medicine, National Yang-Ming University, Taipei, Taiwan, ROC; dInstitute of Clinical Medicine,
School of Medicine, National Yang-Ming University, Taipei, Taiwan, ROC; eDepartment of Medical Research, Taipei Veterans
General Hospital, Taipei, Taiwan, ROC
b

Abstract
Background: To assess long-term prognoses of patients with solitary hepatocellular carcinoma (HCC) < 2 cm (the Barcelona
Clinic Liver Cancer, BCLC stage 0) after radiofrequency ablation (RFA).
Methods: We retrospectively enrolled 271 patients with BCLC stage 0 HCC who had undergone RFA at Taipei Veterans General Hospital from 2002 to 2016. Factors determining poor overall survival (OS) and recurrence after RFA were analyzed by Cox
proportional hazards model.
Results: After a median follow-up duration of 43.4 months, 76 patients had died. The cumulative 5- and 10-year OS rates were
67.1% and 56.4%, respectively. Multivariate analysis disclosed age > 65 years (hazard ratio [HR] 1.608, 95% conﬁdence interval, [CI] 1.015–2.545; p = 0.043), platelet count < 100,000/mm3 (HR 1.704, 95% CI 1.027–2.828; p = 0.039), and albumin-bilirubin (ALBI) grade 2 or 3 (HR 2.191, 95% CI 1.261–3.805; p = 0.005) were the independent risk factors predicting worse OS.
One-hundred twelve patients had tumor recurrence after undergoing RFA. Multivariate analysis showed that ALBI grade 2 or
3 (HR 1.825, 95% CI 1.288–2.585; p = 0.001) was the only one independent risk factor associated with poor recurrence-free
survival (RFS) after RFA. Most of the subgroup analyses also demonstrated that patients with ALBI grade 2 or 3 had poorer OS
and RFS than those with ALBI grade 1.
Conclusion: For patients with BCLC stage 0 HCC, RFA could provide a long-term outcome with a 10-year overall survival rate
of 56.4%. Moreover, the ALBI grade can discriminate prognosis in such patients.
Keywords: Albumin-bilirubin grade; Hepatocellular carcinoma; Prognosis; Radiofrequency ablation

1. INTRODUCTION

Hepatocellular carcinoma (HCC) now ranks as the second and
sixth leading cause of worldwide cancer mortality in males and
females, respectively.1 It is estimated that HCC accounted for
745,500 deaths worldwide in 2012.1 Chronic viral infections,
alcoholic liver disease, and non-alcoholic fatty liver disease
(NAFLD) are the major HCC etiologies.2,3 In the United States
and Europe, HCC incidence and mortality rates are still rising
and appear to be due to the high prevalence of hepatitis C virus
*Address correspondence: Dr. Chien-Wei Su, Division of Gastroenterology and
Hepatology, Department of Medicine, Taipei Veterans General Hospital, 201, Section 2, Shi-Pai Road, Taipei 112, Taiwan, ROC. E-mail address: cwsu2@vghtpe.gov.
tw (C.-W. Su).
Conflicts of interest: The authors declare that they have no conflicts of interest
related to the subject matter or materials discussed in this article.
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(HCV) infection and immigration from countries in which
hepatitis B virus (HBV) infection is endemic in addition to the
rising incidence of NAFLD.4-6 Moreover, although it has been
improved, long-term outcome of HCC patients is still unsatisfactory with overall mortality to incidence rate of 0.95.7 To
improve the patient outcomes, it is crucial to diagnose HCC at
an early stage, in which long-term survival could be achieved by
performing curative treatments.8,9
With more awareness and frequent surveillance for patients
who bear a high risk of developing HCC, an increasing number of patients are diagnosed with HCC in the early stages.10,11
According to the current the Barcelona Clinic Liver Cancer
(BCLC) staging classification for HCC, a solitary tumor < 2 cm
in size, good liver functional reserve, excellent performance status, and no vascular invasion or extra-hepatic metastasis is defined as stage 0 (very early stage) HCC.12 The currently recommended treatment modalities for such patients include surgical
resection, liver transplantation, and local ablation therapy.13,14
All of these therapies could provide an excellent prognosis with
a 5-year survival rate of around 60%–80%.4,15-17 However, the
indication of surgical resection for HCC has been limited to patients without clinically significant portal hypertension (CSPH),
www.ejcma.org
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and the application of liver transplantation is restricted because
of organ shortage.4
Consequently, local ablation therapies have been widely
performed for patients who have early-stage HCC and are not
good candidates for resection surgery or liver transplantation.
Among them, radiofrequency ablation (RFA) therapy is superior to ethanol or acetic acid injection therapy in terms of local
tumor control, recurrence, and overall survival (OS).18-20 However, RFA’s efficacy and long-term prognoses for patients with
very early stage HCC have not been well studied until now.
Johnson and colleagues recently proposed that albumin-bilirubin (ALBI) scores, which incorporates both serum albumin
and bilirubin levels, could provide an objective method for liver
functional reserve assessment and could be used to predict the
prognoses of patients with HCC.21 However, it was less applicable for patients with very early stage HCC. This study aimed
to investigate the long-term outcomes of patients with BCLC
stage 0 HCC after RFA. Moreover, we also aimed to investigate
the role of ALBI grade in determining these patients’ prognoses.
2. METHODS
2.1. Patients

We retrospectively reviewed 702 consecutive treatment-naïve
HCC patients who underwent percutaneous RFA as the initial
treatment at Taipei Veterans General Hospital from May 2002
to June 2016. An HCC diagnosis was made in accordance to
American Association for the Study of Liver Disease (AASLD)
guidelines.(13) RFA indications consisted of several parameters:
(A) a single tumor with a size < 5 cm or 2–3 tumors all sizes < 3
cm; (B) absence of extra-hepatic metastasis or major vascular invasion; (C) grade A or B Child-Turcotte-Pugh (CTP) classification of liver functional reserve; (D) no ascites; (E) platelet count
> 50,000/mm3; and (F) no other major comorbidities (such as
infections, arrhythmias, acute myocardial infarction, uncontrolled congestive heart failure, chronic obstructive pulmonary
disease with acute exacerbation, recent stroke, and others) that
might complicate the RFA procedure.22,23 The RFA device,
procedure, and follow-up have been previously described.16,24
Among them, a total of 271 patients with BCLC stage 0 HCC
were enrolled for the final analysis (Fig. 1), including 100
(36.9%) patients, who were diagnosed with HCC histologically
by liver biopsy, and another 171 patients, who were diagnosed
by image modality.13
Our study complied with the standards of Declaration of
Helsinki and was approved by the Institutional Review Board
of Taipei Veterans General Hospital. Consent waivers were obtained, and patient information and records were anonymized
and de-identified prior to analysis.
2.2. Biochemical and serological tests

Serum biochemistry tests were performed by Roche/Hitachi Modular Analytics System (Roche Diagnostics GmbH,
Mannheim, Germany) within one week before the application
of RFA. HCV antibody testing was performed using the second-generation enzyme immunoassay (Abbott Laboratories).
Serum hepatitis B surface antigen (HBsAg) and AFP levels were
measured by radioimmunoassay (Abbott Laboratories, North
Chicago, IL and Serono Diagnostic SA, Coinsin/VD, Switzerland, respectively).
The ALBI score was calculated using the formula: −0.085×
(albumin g/L + 0.66×log (bilirubin μmol/L). The ALBI grades
were classified as grade 1 (score ≤ –2.60), grade 2 (score > –2.60
www.ejcma.org
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and ≤ –1.39), and grade 3 (score > –1.39).21
2.3. Statistical analysis

The primary endpoint was OS. It was calculated from the date
of HCC diagnosis to the patient’s death, the patient’s last visit,
or December 31, 2016. The Fisher exact test or a chi-square test
with Yates’ correction was used to compare categorical variables
when appropriate, and the Mann-Whitney U-test was used to
compare continuous variables. The cumulative OS rates and
recurrence-free survival (RFS) were estimated using the Kaplan-Meier method and compared using the Cox’s proportional
hazards model. In addition, we confirmed the assumption of
proportional hazards by the log-minus-log plot of survival in a
Cox regression analysis.
The variables with statistical significance (p < 0.05) or approximate significance (p < 0.1) by univariate analysis were subjected to the multivariate analysis by performing a forward stepwise logistic regression model. As the ALBI grade is calculated
by serum albumin and bilirubin levels, we used two models for
multivariate analysis. In model I, we selected ALBI grade, but
albumin was not entered into multivariate analysis to minimize the confounding effects of these parameters. In model II,
albumin, but not ALBI grade was selected for the multivariate
analysis. Moreover, subgroup analysis to compare OS and RFS
between patients with different ALBI grade stratified by important prognostic factors was performed by Cox proportional
hazards model. A two-tailed value of p < 0.05 was considered
statistically significant. All statistical analyses were performed
using IBM SPSS Statistics for Windows, version 21.0 (IBM
Corp., Armonk, NY, USA).
3. RESULTS
3.1. Baseline clinical characteristics

The study population’s main demographic and clinical data are
shown in Table 1.
The median age of enrolled patients was 65 years (interquartile
range [IQR]: 57–73 years) and the median tumor size was 1.5
cm (IQR: 1.3–1.8 cm). There were 164 (60.5%) males and 107
(39.5%) females. Females were older than males. Males had a
higher proportion of chronic HBV infection than females, and
females had a higher proportion of chronic hepatitis C than
males. Moreover, male patients had higher serum creatinine levels than female patients. Regarding tumor parameters, females
had a larger tumor size and a higher serum alpha fetoprotein
(AFP) levels than males.
3.2. Factors associated with poor OS rates

After a median follow-up duration of 43.4 months (IQR 25.0–
70.3 months), 76 patients had died, and 195 patients were still
alive at their last follow-up visit. One hundred and five patients
were lost to follow-up sometime before December 31, 2016.
For patients who were lost to follow-up, the median follow-up
duration after RFA was 32.5 months (IQR 18.5–55.9 months).
Additionally, only 29 (10.7%) patients had a follow-up duration < 1 year. During the follow-up period, there were 10
patients who received salvage liver transplantation due to tumor
recurrence or liver decompensation.
The cumulative 1-, 3-, 5- and 10-year OS rates were 96.2%,
81.7%, 67.1%, and 56.4%, respectively. Stratified by the status of ALBI grade 1 versus grades 2‒3, the 1-, 3-, 5- and 10year OS rates were 97.4% versus 95.0%, 88.1% versus 77.9%,
3
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Fig. 1 The Study ﬂow chart.

Table 1
Demographics of the study patients
Parameter
Age (years)

All patients (n = 271)
65, 57-73

Men (n = 164)

Women (n = 107)

63, 53-73

68, 61-74

p
< 0.001

Serum biochemistry and liver function test
Albumin (g/dl)

3.90, 3.40-4.20

3.90, 3.50-4.20

3.70, 3.40-4.20

0.120

Cholesterol (mg/dl)

156, 126-173

156, 126-176

155, 131-171

0.887

Total bilirubin (mg/dl)

0.79, 0.50-1.10

0.79, 0.51-1.18

0.71, 0.50-1.03

0.544

ALT (U/L)

41, 28-73

41, 29-62

42, 27-84

0.663

AST (UL)

45, 31-70

43, 29-63

50, 32-78

0.040

Glucose (mg/dl)

95, 85-127

94, 83-121

99, 87-133

Creatinine (mg/dl)

0.90, 0.73-1.07

0.97, 0.84-1.10

0.76, 0.65-0.90

0.184
< 0.001

ALK-P (U/L)

87, 70-115

83, 71-118

89, 70-115

0.587

Platelet (109/L)

110, 71-153

115, 72-159

101, 69-143

0.374

PT INR

1.08, 1.02-1.15

1.07, 1.01-1.14

1.09, 1.03-1.16

0.061

ALBI

-2.52, -2.90~-2.09

-2.57, -2.90~-2.18

-2.44, -2.90~-2.03

0.071

ALBI (1/2/3) (%)

117/133/10 (45/51.2/3.8)

74/77/4 (47.7/49.7/2.6)

43/56/6 (41/53.3/5.7)

0.301

HBsAg (+/-) (%)

116/100 (53.7/46.3)

85/51 (62.5/37.5)

31/49 (38.7/61.3)

0.001

Anti-HCV (+/-) (%)

108/100 (51.9/48.1)

50/64 (43.9/56.1)

58/36 (61.7/38.3)

0.012

Tumor size (cm)

1.5, 1.3-1.8

1.5, 1.3-1.8

1.6, 1.4-1.8

0.047

AFP (ng/ml)

14.35, 5.78-53.62

12.74, 4.91-45.13

17.42, 7.81-71.20

0.035

Viral Factors

Tumor Factors

Continuous variables are expressed as the median with 25 and 75 percentiles
ALT = alanine aminotransferase; AST = aspartate aminotransferase; Alk-P = alkaline phosphatase; PT = prothrombin time; INR = international normalized ratio; ALBI = Albumin-Bilirubin; HBsAg = hepatitis
B surface antigen; HCV = hepatitis C virus; AFP = alpha-fetoprotein

78.2% versus 54.9%, and 72.3% versus 39.1% (p < 0.001,
Fig.1 2A). Univariate analysis disclosed that age > 65 years,
negative serum HBsAg, serum albumin level ≤ 3.5 g/dL, prothrombin time/international normalized ratio (PT INR) > 1.1,
platelet count < 100,000/mm3, tumor size > 1.5cm, and ALBI
grade 2 or 3 were associated with poorer OS for patients with
BCLC stage 0 after the RFA procedure (Table 2).
4

In model I of multivariate analysis, age > 65 years (hazard
ratio [HR] 1.608, 95% confidence interval [CI] 1.015–2.545;
p = 0.043), platelet count < 100,000/mm3 (HR 1.704, 95% CI
1.027–2.828; p = 0.039), and ALBI grade 2-3 (HR 2.191, 95%
confidence interval, CI 1.261–3.805; p = 0.005) were the independent risk factors predicting worse OS. In model II, serum
albumin levels ≤ 3.5 g/dL (HR 1.933, 95% CI 1.179–3.167; p
www.ejcma.org
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(A)

(B)
Fig. 2 (A) Comparison of OS rates between patients with ALBI grade 1 and those with ALBI grade 2 or 3. (B) Subgroup analysis for the comparison of OS
rates between patients with ALBI grade 1 and those with ALBI grade 2 or 3.
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Table 2
Univariate and multivariate analysis of factors associated with poor OS in model I
Univariate analysis
Variable

Case No.

Multivariate analysis

Hazard ratio
(95% CI )

p

Hazard ratio
(95% CI)

p

1.608 (1.015-2.545)

0.043

1.704 (1.027-2.828)

0.039

2.191 (1.261-3.805)

0.005

Age > 65/≤ 65 years

131/140

1.644 (1.040-2.598)

0.033

Sex Female/male

107/164

1.320 (0.836-2.085)

0.232

HBsAg (-)/(+)

115/116

1.705 (1.051-2.766)

0.031

Anti-HCV (-)/(+)

163/108

0.720 (0.459-1.130)

0.153

67/191

2.469 (1.560-3.907)

< 0.001

Albumin ≤ 3.5/> 3.5 g/dL
Bilirubin > 1.0/≤ 1.0 mg/dL
ALT > 40/≤ 40 U/L
Creatinine > 1.0/≤ 1.0 mg/dL

81/181

1.357 (0.851-2.163)

0.198

137/131

1.215 (0.768-1.922)

0.405

82/184

1.375 (0.859-2.200)

0.185

PT INR > 1.1/≤ 1.1

104/163

1.895 (1.201-2.990)

0.006

Platelets < 100/≥ 100 (109/L)

120/149

2.555 (1.597-4.088)

< 0.001

AFP > 20/≤ 20 ng/mL

109/153

1.336 (0.849-2.103)

0.211

Tumor size > 1.5/≤ 1.5cm

144/322

1.644 (1.227-2.203)

0.001

ALBI grade 2 or 3/1

143/117

2.696 (1.616-4.497)

< 0.001

In model I, the ALBI grade was enrolled, but albumin and bilirubin levels were not entered into the multivariate analysis. In model II, we selected albumin and bilirubin, but the ALBI grade was not enrolled in
the multivariate analysis, serum albumin levels ≤ 3.5 g/dL (HR 1.933, 95% CI: 1.179-3.167, p = 0.009), Platelets < 100 (109/L) (HR 1.724, 95% CI: 1.034-2.873, p = 0.037) were the independent risk
factors associated with poor overall survival.
OS = overall survival; ALT = alanine aminotransferase; PT INR = prothrombin time/international normalized ratio; HBsAg = hepatitis B surface antigen; HCV = hepatitis C virus; AFP = α-fetoprotein;
CI = conﬁdence interval; ALBI = albumin-bilirubin

= 0.009), and platelet count <100,000/mm3 (HR 1.724, 95%
CI 1.034–2.873; p = 0.037) were correlated with poorer OS
after the RFA procedure.
As shown in Figure 2B, HCC patients with ALBI grade 2
or 3 had a significantly lower OS rate compared to those with
ALBI grade 1 in most of the subgroups except in female patients, and those with chronic HCV infection, PT INR > 1.1,
and AFP > 20 ng/mL.
3.3. Factors associated with recurrence

During the follow-up period, 112 patients had tumor recurrence after the RFA procedure. The cumulative 1-, 3-, 5- and
10-year RFS rates were 76.4%, 49.0%, 40.1%, and 33.0%, respectively. Stratified by the status of ALBI grade 1 versus grades
2‒3, the 1-, 3-, 5- and 10-year RFS rates were 78.3% versus
73.7%, 59.2% versus 37.6%, 52.5% versus 25.8%, and 41.9%
versus 21.6% (p = 0.001, Fig. 3A).
As shown in Table 3, model I of multivariate analysis showed
that ALBI grade 2–3 (HR 1.825, 95% CI 1.288–2.585; p =
0.001) was the only one independent risk factor associated with
poor RFS after RFA. In the model II, serum albumin ≤ 3.5 g/
dL (HR 1.645, 95% CI: 1.146–2.360; p = 0.007), and ALT
> 40 U/L (HR 1.428, 95% CI: 1.016–2.007, p = 0.040) were
correlated to poor RFS by the multivariate analysis.
Subgroup analysis also demonstrated that patients in most of
the subgroups with ALBI grade 2 or 3 had a significantly lower
RFS rate after RFA than those with ALBI grade 1 (Fig. 3B).
4. DISCUSSION

There are several major findings from our study. First, in our
cohort, the cumulative 5-year and 10-year OS rates after RFA
were 67.1% and 56.4%, respectively. This result indicated that
for patients with very early stage HCC (BCLC stage 0), RFA
could provide excellent long-term prognosis. Nevertheless, the
6

recurrence rate after RFA was still high with a 10-year RFS rate
of only 33.0%. It suggests that a strict surveillance program to
detect the tumor recurrence after RFA is crucial in this clinical
setting. In addition, our study demonstrated that ALBI grade
could predict the outcomes of patients with HCC who underwent RFA. This clinically applicable marker could help clinical
physicians select a suitable treatment modality for patients with
very early stage HCC and predict these patients’ outcomes before the RFA application.
For patients with early stage HCC (BCLC stage 0 to A) and
with well-preserved liver function, resection surgery and RFA
are regarded as first-line treatment modalities.14 RFA has been
reported to produce less non-neoplastic tissue destruction, lower complication rate, lower cost, and a higher repeatability rate
for recurrence than resection surgery. On the contrary, resection
surgery showed lower tumor recurrence rate due to a higher
chance of complete excision for hepatic parenchyma around
the tumor, which may contain undetectable satellite tumors,
micro-metastases, and micro-vascular invasion.16 Consequently,
the treatment efficacy, complications, and long-term prognoses
between RFA and resection surgery in this clinical setting is still
under active debate.16,25-27
For patients with BCLC stage 0 HCC, RFA could provide
excellent local tumor control effects with a lower incidence of
complications and local tumor recurrence after this procedure.
Previous studies have reported that for patients with BCLC
stage 0 HCC and who had undergone RFA, they had an acceptable long-term survival rate similar to or slightly lower than
resection surgery.16,27-31 In our cohort, the 5-year OS rate after
RFA was 67.1%, which was consistent with previous reports.28
However, the prognoses of patients with BCLC stage 0 HCC
after RFA with a longer follow-up duration was not well studied
until now. Our study demonstrated that RFA could provide an
acceptable 10-year OS rate of 56.4%. Hence, RFA could serve
as an effective treatment modality for patients with very early
www.ejcma.org
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Table 3
Univariate and multivariate analysis of factors associated with poor RFS in model I
Univariate analysis
Variable

Multivariate analysis

Case No.

Hazard ratio
(95% CI )

p

Age > 65/≤ 65 years

131/140

1.310 (0.942-1.820)

0.108

Sex Female/male

107/164

1.159 (0.830-1.619)

0.386

HBsAg (-)/(+)

115/116

1.014 (0.727-1.415)

0.935

Anti-HCV (-)/(+)

163/108

0.827 (0.593-1.153)

0.263

67/191

1.623 (1.134-2.324)

0.008

Albumin ≤ 3.5/> 3.5 g/dL
Bilirubin > 1.0/≤ 1.0 mg/dL
ALT > 40/≤ 40 U/L
Creatinine > 1.0/≤ 1.0 mg/dL

81/181

1.265 (0.895-1.788)

0.183

137/131

1.485 (1.063-2.074)

0.020

82/184

1.190 (0.837-1.691)

0.332

PT INR > 1.1/≤ 1.1

104/163

1.317 (0.942-1.841)

0.108

Platelets < 100/≥100 (109/L)

120/149

1.538 (1.107-2.136)

0.010

AFP > 20/≤ 20 ng/mL

109/153

1.558 (1.119-2.169)

0.009

Tumor size > 1.5/≤ 1.5cm

144/322

1.528 (1.097-2.128)

0.012

ALBI grade 2 or 3/1

143/117

1.804 (1.275-2.551)

0.001

Hazard ratio
(95% CI)

p

1.825 (1.288-2.585)

0.001

In model I, the ALBI grade was enrolled, but albumin and bilirubin levels were not entered into the multivariate analysis. In model II, we selected albumin and bilirubin, but the ALBI grade was not enrolled
in the multivariate analysis, serum albumin levels ≤ 3.5 g/dL (HR 1.645, 95% CI: 1.146-2.360, p = 0.007), ALT > 40 U/L (HR 1.428, 95% CI: 1.016-2.007, p = 0.040) were the independent risk factors
associated with poor RFS.
RFS = recurrence-free survival; ALT = alanine aminotransferase; PT INR = prothrombin time/international normalized ratio; HBsAg = hepatitis B surface antigen; HCV = hepatitis C virus; AFP = α-fetoprotein;
CI = conﬁdence interval; ALBI = albumin-bilirubin

stage HCC and who are not good candidates for resection surgery or liver transplantation.
Previous studies have demonstrated that tumor factors, liver
functional reserve, and field factors in the background liver
(such as the degree of inflammation and steatosis and fibrosis
stage) all determine the outcomes of patients with HCC outcomes.3,11,32-35 For patients with early-stage HCC, the impact of
tumor parameters diminishes, while liver functional reserve and
field factors might play a more important role in predicting the
outcomes of patients.16,36 In our current study, tumor parameters such as size and serum AFP levels were not independent
risk factors to be associated with the prognoses of patients with
HCC after undergoing the RFA procedure. Instead, elderly age,
thrombocytopenia, and higher ALBI grade determined poorer
prognosis. The possible mechanism is that RFA could provide
an excellent tumor ablation effect for BCLC stage 0 HCC due
to the advances in the technique of RFA (such as the application of switching controllers with multiple electrodes, and
artificial ascites), as well as the introduction of real-time virtual
ultrasonography and contrast-enhanced ultrasonography.23,37-40
Our patients also underwent a strict surveillance program for
tumor recurrence detection after they underwent RFA. Hence,
the size of the recurrent tumors was relatively small. They could
be ablated completely by another treatment session of loco-regional therapy. Long-term patient prognoses were still good
if they had well-preserved liver functions. Consequently, liver
functional reserve, but not tumor factors, appears to determine
the long-term prognosis of patients with very early stage HCC
after undergoing RFA. It is crucial to accurately investigate the
degree of liver function at the time of HCC diagnosis.
The CTP classification has been widely used for liver function
evaluation in patients with cirrhosis.41 Moreover, it has been
incorporated into several important HCC staging classification
systems (such as the BCLC and Hong Kong Liver Cancer classifications), and a recently proposed simple prognostic model
www.ejcma.org

to estimate survival for HCC patients (MESH score).4,42-44
However, CTP classification was composed of three objective
markers (serum albumin, bilirubin levels, and PT INR) and
two subjective variables (ascites and hepatic encephalopathy).
It might cause inter-observer variation among different centers
and countries when performing CTP classification for assessing
patients with cirrhosis. Recently, the ALBI score, which was
derived from a regression model of albumin and bilirubin values, has been proposed to be a more objective grading system
to investigate the liver functional reserve for patients with HCC
or cirrhosis.21 This simple, objective, and evidence-based score
has been widely validated for patients with HCC across different stages and treatment modalities.23,35,45-47 Consequently, the
recent European Association for the Study of the Liver (EASL)
clinical practice guidelines for HCC management recommend
consideration of both CTP classification and ALBI grade for
assessing the degree of liver function in HCC patients.6 In our
current study, patients with an ALBI grade of 1 had a significantly higher OS rate and RFS rates than their counterparts.
These results were further confirmed by a multivariate analysis
and most of the subgroup analyses. These results validated the
role of ALBI grading in determining the prognoses of patients
with very early stage HCC who had undergone RFA. On the
contrary, for patients with an ALBI grade 2 or 3, the 10-year
OS and RFS rates were only 39.1% and 21.6%, respectively.
Primary liver or salvage liver transplantation in case of liver
decompensation or tumor recurrence after RFA might be the
better treatment for such patients.48 However, more prospective
studies are warranted to elucidate this issue.
In this study, we performed two models of multivariate analysis to assess the true impact of ALBI and its components on
the prognosis of patients with BCLC stage 0 HCC after RFA.
In model I, the higher ALBI grade was an independent factor
associated with poor OS and RFS after RFA. While in model
II, lower serum albumin levels, but not higher bilirubin levels,
7
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(A)

(B)
Fig. 3 (A) Comparison of RFS rates between patients with ALBI grade 1 and those with ALBI grade 2 or 3. (B) Subgroup analysis for the comparison of RFS
rates between patients with ALBI grade 1 and those with ALBI grade 2 or 3.
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correlated to poorer prognosis both in terms of OS and RFA. It
suggested that serum albumin levels may play a more important
role than bilirubin in determining the long-term outcomes of
patients with BCLC stage 0 after RFA.
Besides ALBI grade, platelet-albumin-bilirubin (PALBI)
grade has been validated to accurately predict the outcomes of
patients with HCC across the different treatment modalities
and BCLC stages.49 Liu and colleagues showed that PALBI
grade had a better prognostic performance for patients with
HCC underwent curative therapies when compared to ALBI
grade. However, one recent study demonstrated that ALBI
grade seemed to have a better discriminative ability than PALBI
grade to predict the long-term survival of patients with HCC
after RFA.50 In our study, both ALBI grade and platelet count
were the independent risk factors associated with overall survival for patients with BCLC stage 0 HCC after RFA. It needs
more prospective studies to investigate the prognostic performance between ALBI and PALBI in determining the outcomes
of patients with very early stage HCC.
We acknowledge some limitations to our study. First, our
study consisted of a single arm and only enrolled patients with
very early stage HCC who had undergone RFA. Therefore, it
could not address the long-debate as to whether RFA achieved
comparable OS and RFS rates as much as surgical resection
did. Second, our study showed results from a single institution.
It may not be feasible to compare to directly compare other
studies’ results given the potentially different etiologies and demographic characteristics. Third, only 10 patients had an ALBI
grade 3 due to the strict inclusion criterion of liver functional
reserve for RFA. Consequently, we could not assess the impact
of ALBI grade 3 on the long-term prognoses of patients with
very early stage HCC who had undergone RFA due to the
limited number of patients. Last, our study was retrospective,
which could not exclude the selection bias.
In conclusion, for patients with BCLC stage 0 HCC, RFA
could provide a long-term outcome with a 10-year overall survival rate of 56.4%. Moreover, the ALBI grade can discriminate
the prognosis for such patients.
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Histological study of the protective role of ginger
on piroxicam-induced liver toxicity in mice
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Abstract
Background: Piroxicam is a non-steroidal anti-inﬂammatory drug widely used in rheumatic diseases. It has analgesic and antipyretic activity, and is one of the drugs being introduced in clinical practice. Piroxicam-hepatotoxicity has been reported as one
of its principal side effects. Several natural antioxidants were found to be effective against drug induced toxicity. Ginger is known
by its antioxidant activities and hepatoprotective effects. The present study aimed at studying the protective effect of Ginger on
Piroxicam-induced histopathological changes in livers of male mice.
Methods: Forty adult mice were randomly divided into 4 groups: Group I served as the control group. Group II received Ginger
orally in a dose of 200 mg/kg per day for four weeks. Group III received Piroxicam intraperitoneally in a dose of 0.3 mg/kg per
day for four weeks. Group IV received (Piroxicam + Ginger). At the end of the experiment, liver functions were estimated and
then the liver was removed, and sampled for histopathological, immunohistochemistry and biochemical studies.
Results: Administration of ginger decreased elevated serum aspartate aminotransferase (AST), alanine aminotransferase (ALT),
and alkaline phosphatase (ALP) and immunoexpression of the proapoptotic protein (Bax), induced by piroxicam. It increased
immunoexpression of the antiapoptotic protein (Bcl2). It also ameliorated the morphological changes induced by piroxicam.
Conclusion: Piroxicam has toxic effects on the liver as indicated by biochemical, histological and immunohistochemical results.
Ginger has protective effects against piroxicam-hepatotoxicity by reducing serum marker enzymes, liver ﬁbrosis and apoptosis.
Keywords: Antioxidants; Ginger; Liver damage; Piroxicam

1. INTRODUCTION

The susceptibility of the body to the oxidative damage is determined by balance between the production and scavenging of
reactive oxygen species (ROS) or free radicals. The antioxidant
defense mechanisms of an organismcan minimize the production of free radicals, and protect against the oxidative damage,
but it may not be enough to totally prevent the damage. Many
drugs can generate free radicals thus inducing oxidative stress.
These free radicals may cause damage to tissue proteins, nucleic
acids, and membrane lipids. The level of defense mechanisms
may not increase after drug intake, therefore scavenging of free
radicals is insufficient and tissue injury is produced.1
Rheumatic diseases are worldwide. They are considered
to cause many social and medical problems. Prevention and
treatment of rheumatic diseases is one of the most important
challenges concerned with public health problems. A variety of
non-steroidal anti-inflammatory drugs (NSAIDs), have been
clinically used as antirheumatics. NSAIDs represent one of
many chemical agents having useful analgesic and antiinflam*Address correspondence: Dr. Marwa Sayed Badawi, Department of Anatomy,
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matory characteristics.2
Piroxicam is a common NSAIDs used for treatment of inflammatory and rheumatic disorders. It has analgesic and antipyretic activity.3
The role of liver in drug metabolism makes it susceptible to
toxic injury. As piroxicam is metabolized in liver, there is possibility of hepatic injury. The toxicity produced by piroxicam is
mediated through oxidative stress, which leads to lipid peroxidation (LPO) and free radical generation.4 Recently, Knottenbelt et al.5 found that a significant inhibition of proliferation
and induction of apoptosis occur when piroxicam is used in
concentrations exceeding maximum recommended doses.6
Several natural antioxidants were found to be effective
against various human ailments. Their medicinal uses have been
increasing in developed countries. They were used to protect
against drug toxicity to strengthen endogenous antioxidants
defenses and restore optimal balance by neutralizing reactive
oxygen species.7
Ginger belonged to Zingiberaceae family, is a free radical
scavenger.8 Several studies have demonstrated that ginger possesses numerous therapeutic properties. It has analgesic and anti-inflammatory properties.9 The hepatoprotective role of ginger
against toxicity caused by CCl4 and acetaminophen was proved
as it improved elevated serum transaminases in rat study.10
Hence, this work was performed to evaluate possible protective effects of ginger on piroxicam-induced histopathological
changes in livers of male mice.
2. METHODS
2.1. Animals

The present study was carried out on 40 healthy adult male
11
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mice weighing from 30 to 40 g and were purchased from the
animal house of Assiut Faculty of Medicine, Assiut University,
Egypt. The mice were housed in polypropylene cages under
standard lightening in a temperature-controlled room (25 ± 2
°C) and had free access to laboratory food and water throughout the experiment. They were acclimatized to their environment for at least two weeks before starting the experiment. All
animal procedures were approved by the local Institutional Animal Ethical Committee of Faculty of Medicine, NBU, KSA.
2.2. Experimental design

After acclimatization period, mice were randomly divided into
four groups (ten mice in each) as follows:
Group I (Control group): Received daily injection of normal saline (vehicle) intraperitoneally (i.p.) for 4 weeks.
Group II: Received Ginger powder (Sigma–Aldrich Chemical Co. St. Louis, MO, USA) at a dose of 200 mg/kg/day dissolved in normal saline by gastric gavages for 4 weeks.11
Group III: Received piroxicam powder (Sigma–Aldrich
Chemical Co. St. Louis, MO, USA) at a dose of 0.3 mg/kg/
day dissolved in normal saline injected intraperitoneally for 4
weeks.12
Group IV: Received ginger (200 mg/kg/day) and piroxicam
injection (0.3 mg/kg/day) for 4 weeks.
Twenty-four hours after last drug regimen, mice were anesthetized with intraperitoneal injection of sodium pentobarbital
(35 mg/kg body weight). The chest wall was incised to explore
the heart. 5 ml of intracardiac blood was drawn and serum was
separated for estimation of serum marker enzymes [aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and
alkaline phosphatase (ALP)].
Animals were sacrificed by decapitation; an abdominal incision was made to remove the liver. This was perfused with a
fixative solution (2% paraformaldehyde and 2% glutaraldehyde
solution) in 0.1 M phosphate buffer pH 7.2 and then sampled
for histopathological studies.

tological study.
B) Periodic acid Schiff’s stain (PAS) for demonstration of liver glycogen.
C) Masson’s trichrome stain for demonstration of collagen
fibers.
Liver sections were immunohistochemically stained to assess
immunoexpression of proapoptotic protein (Bax), and antiapoptotic protein (Bcl2). Paraffin sections of liver were cut at 4
um thickness on positively charged slides. Sections were incubated with a monoclonal antibody against Bax and Bcl2 (Dako,
Carpinteria California, USA); in a dilution of 1:200. Cells displaying brown precipitation were considered positive for Bax,
and Bcl2 expressions.
2.5. Quantitative morphometric measurement

Leica Qwin 500 C Image analyzer computer system (Leica Imaging System LTD., Cambridge, England) in Central Research
Lab, Assiut Faculty of Medicine, Egypt was used to obtain
morphometric data in this study. Ten non-overlapping fields in
slides of each animal in each group were examined. Measurements were performed on 6 mm thick H&E stained sections to
estimate:
1 Diameter of blood sinusoids in control and treated groups
(At magnification 400).
2 Diameter of central veins in control and treated groups (At
magnification 400).
2.6. Statistical analysis

All analyses were performed using the software Statistical
Package for Social Sciences version 17 (SPSS Inc, Chicago, IL,
USA). Data was presented as mean ± standard deviation (SD).
Comparisons between two groups were analyzed by unpaired
Student “t” test. Probability of chance (p value) < 0.05 was considered statistically significant.
3. RESULTS

2.3. Assessment of hepatotoxicity

Levels of AST, ALT, and ALP were measured using standard
laboratory techniques to assess hepatotoxicity using commercial kits in an Olympus AU400 Chemistry Analyzer (Olympus
Corp., Tokyo, Japan). Results are expressed as units/uL.
2.4. Histological and immunohistochemical examination

Liver from each animal was kept in 10% of neutral buffered
formalin for 24 h. It was then processed, embedded in paraffin
wax and sections of 4 mm thickness were taken using a microtome. These sections were stained with the following stains and
examined under light microscope:

None of experimental mice died during the experiment period (4
weeks).
3.1. Biochemical results

There was significant increase in serum ALT, AST and ALP in
piroxicam-treated mice. Administration of ginger along with
piroxicam showed significantly lower enzyme levels compared
to piroxicam-treated group. Mice treated with ginger alone
showed normal values of enzymes (Table 1).

A) Hematoxylin and eosin stain (H&E): for the general hisTable 1
The level of serum marker enzymes in the normal and experimental groups.
Parameters

Group I (Control)

Group II (Ginger)

Group III (Piroxicam)

Group IV (Piroxicam þ Ginger)

AST (uL)

54.8 ± 0.77

53.6 ± 0.52

70.5 ± 0.77a

57.4 ± 0.62b

ALT (uL)

17.8 ± 0.61

17.5 ± 0.61

25.5 ± 0.78a

19.8 ± 0.81b

72.4 ± 0.75

a

74.5 ± 0.88b

ALP (uL)

73.6 ± 0.68

86.6 ± 1.83

Data is expressed as mean ± standard deviation. Results were statistically analyzed by using Student’s t test at p < 0.05.
a
p < 0.001 compared with the control group (group I).
b
p < 0.001 compared with the treated group (group III).

12

www.ejcma.org

Original Article. (2019) 82:1

J Chin Med Assoc

3.2. Histological results

3.3.2. Immunostaining of Bcl2

3.2.1. Hematoxylin and eosin stain

In control and ginger group, hepatic tissue showed moderate to
marked Bcl2 reaction in the cytoplasm of hepatic cells (Fig. 5A).
In piroxicam-treated mice, Bcl2 immunostaining was markedly
less intense in cytoplasm of hepatic cells (Fig. 5B). Combined
piroxicam and ginger group showed increased Bcl2 expression
compared with those of piroxicamtreated group (Fig. 5C).

The architecture of hepatic tissue of control, and gingertreated
mice were more or less similar, showing hepatocytes arranged in
cords radiating from the central vein. They are polygonal cells
with pale vesicular nuclei and prominent nucleoli. Some hepatocytes were binucleated. They have an eosinophilic granular
cytoplasm. Blood sinusoids were found as a network between
the plates of hepatocytes converging towards the central vein.
There were portal areas containing connective tissue stroma and
portal triad (Fig. 1A).
In piroxicam group, liver sections revealed dilatation of
central veins and blood sinusoids. Many hepatocytes were ballooned with central faint nuclei and vacuolated cytoplasm. Other hepatocytes appeared small with deeply stained acidophilic
cytoplasm and dark nuclei (Fig. 1B). Some central veins were
surrounded by cellular infiltration (Fig. 1C). Some hepatocytes
showed early signs of apoptosis, with fragmented nuclei, hazy
vacuolated cytoplasm and indistinct cell boundaries (Fig. 1D).
Apoptotic hepatocytes were also detected, showing nuclear and
cytoplasmic condensation into deeply stained apoptotic bodies
(Fig. 1E).
When ginger was administered with piroxicam, liver sections
appeared somewhat normal in histological architecture. Almost
normal hepatocyte appearance was observed both in central as
well as in peripheral zones of hepatic lobules (Fig. 1F).
3.2.2. Periodic acid schiff’s (PAS) stain

Control and ginger-treated mice showed abundant glycogen
content diffusely distributed throughout the hepatic lobules.
Glycogen granules appeared as heavy magenta red deposits filling the cytoplasm of hepatocytes (Fig. 2A).
In piroxicam group, liver sections showed evident depletion
of glycogen stores of liver. Many hepatocytes showed a cytoplasm either partially or completely devoid of glycogen granules
(Fig. 2B).
In combined piroxicam and ginger group, liver sections revealed restoration of PAS staining tissue to normal. The sections
showed abundant glycogen content similar to control group (Fig.
2C).
3.2.3. Masson’s trichrome stain

In control and ginger group, liver Sections revealed very thin
layer of collagen fibers around central veins (Fig. 3A).
Piroxicam-treated mice showed deposition of marked amount
of collagen fibers around central veins and blood sinusoids (Fig.
3B). Furthermore, sections showed bundles of collagen fibers
dissecting the parenchyma and extending inside the liver lobules
(Fig. 3C).
In combined piroxicam and ginger group, liver sections appeared normal (Fig. 3D).
3.3. Immunohistochemical results
3.3.1. Immunostaining of Bax antigen

In control and ginger groups, liver tissues revealed negative
immunostaining reaction for Bax (Fig. 4A). Piroxicam-treated
mice, revealed dark brown granules in their cytoplasm throughout most cells of liver parenchyma (Fig. 4B). Combined piroxicam and ginger group showed Bax activity more or less similar
to the control group (Fig. 4C).
www.ejcma.org

3.4. Quantitative morphometric measurement

Diameters of blood sinusoids and central veins were significantly increased in piroxicam-treated mice. Combined piroxicam
and ginger group showed significantly decreased diameter of
blood sinusoids and central veins compared to piroxicam-treated group. Mice treated with ginger alone did not show difference when compared to normal values (Table 2).
4. DISCUSSION

Piroxicam is the most famous hepatotoxic drug in the experimental study. One of the main causes of liver toxicity is peroxidative degradation of the lipid membrane. Previous studies have
declared that the mechanism of piroxicam hepatotoxicity is due
to impairment of mitochondrial ATP synthesis and active metabolites production, mainly 5-hydroxy piroxicam, which causes
direct toxicity to the hepatocytes.13
In the current study, the hepatoprotective effect of ginger on
piroxicam-induced hepatotoxicity was investigated. All major
active constituents of ginger have anti-inflammatory and antioxidant action.14 The antioxidant activity of ginger is either
due to reduction or prevention of formation of free radicals. In
addition, ginger oil has a protective effect against DNA damage
and could act as oxygen radical scavenger. Ginger was proved as
an efficient herbal medicine with minimal side effects.15
Marked elevation of the levels of liver enzymes (AST, ALT,
and ALP) indicated significant liver damage in piroxicaminduced hepatotoxicity. The liver damage may be due to free
radical production by the drug. These results are consistent with
the study of Pandit et al.16 This study revealed liver enzymes elevation in patients taking regular diclofenac regimen. Hussaini
and Farrington17 documented the relative rise of ALT and ALP
accompanying the liver injury.
Levels of liver marker enzymes were significantly decreased
in combined piroxicam and ginger group as compared with the
piroxicam group which suggest its ability to protect the liver
from destruction. These data are in agreement with previous
studies proving improvement of the liver enzymes (ALT, AST
and ALP) following treatment with ginger in CCl4 induced liver
toxicity.11 Another study showed significant reduction in serum
levels of transaminases in group received combined cisplatin
and ginger indicating that cisplatin-induced impairments of liver function is effectively improved by ginger.18
Histological examination of H&E stained sections of piroxicam-treated mice revealed prominent histological alterations
in the liver. These changes were in the form of vacuolation of
the cytoplasm, necrosis of some hepatocytes, and dilatation of
central veins and blood sinusoids. There was a significant difference in histological score between piroxicam group and control
group. The results of the present study agreed with the study
of Bessone who found liver injury in the form of necrosis after
the use of Non-steroidal anti-inflammatory drugs (NSAID).19
Durham et al.20 noticed that collection of injurious substances
in the cells leads to vacuolar degeneration. A third study stated
13
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Fig. 1 (Panel A) A photomicrograph of normal architecture of the liver in the control group showing polyhedral shaped hepatocytes with rounded vesicular
nuclei and acidophilic cytoplasm radiating from the central vein (CV) and separated by blood sinusoids (s). The portal triad [portal venule (PV), hepatic arteriole
(A) and bile ductile (b)] is enclosed in a ﬁne connective tissue stroma within the portal tract. (H&E, scale bars = 40 μm). (Panels B–E) Photomicrographs of liver
of piroxicam treated mice. (Panel B) Many of the hepatocytes are ballooned with central faint nuclei and vacuolated cytoplasm (arrows). Other hepatocytes
appeared small with deeply stained acidophilic cytoplasm and dark nuclei (arrow heads). Blood sinusoids appear dilated (s). (Panel C) Inﬂammatory cellular
inﬁltration (arrows) is seen within the liver tissue. (Panel D) Hepatocytes with early signs of apoptosis. These hepatocytes showed fragmented nuclei with hazy
vacuolated cytoplasm and indistinct cell boundaries (arrows). (Panel E) Some apoptotic hepatocytes with nuclear and cytoplasmic condensation into deeply
stained apoptotic bodies (thin arrows), dilatation in blood sinusoids (S) and vacuolation of cytoplasm of some hepatocytes (thick arrows). (H&E, scale bars =
40 mμ (panels B–E)). (Panel F) A photomicrograph of liver of piroxicam + ginger group with normal looking hepatocytes, central vein (CV), blood sinusoids (s)
and portal triad. (H&E, scale bars = 40 μm).

14

www.ejcma.org

Original Article. (2019) 82:1

Fig. 2 (Panel A) A photomicrograph of normal architecture of the liver in the
control group showing heavy magenta red glycogen granules ﬁlling the cytoplasm of the hepatocytes diffusely seen throughout the section. (PAS, scale
bars = 40 μm). (Panel B) A photomicrograph of liver of piroxicam treated
mice showing evident reduction in the glycogen content of the hepatocytes.
Many hepatocytes appear devoid of glycogen granules (arrows). (PAS, scale
bars = 40 μm). (Panel C) A photomicrograph of liver of piroxicam + ginger
group showing almost complete restoration of the glycogen content in the
hepatocytes (arrow). (PAS, scale bars = 40 μm).

that fatty degeneration, vacuolations, and sinusoidal dilations
were noticed in liver of mice treated with piroxicam.13
Results of the present study also showed lymphocytic cellular
infiltration in the liver tissue. This is supported by El-Banhawy
et al.21 who suggested that presence of leucocytes, in general,
and lymphocytes, in particular, is an eminent reflex of the body
tissues exposed to any injurious substances. McCafferty et al.22
suggested that increase number of leucocytes and its adherence
www.ejcma.org
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to the endothelial wall of the blood vessels plays an important
role in the pathogenesis of NSAID associated injury.
Marked histological amelioration was observed in liver tissue
of mice treated with a combination of piroxicam and ginger
compared to piroxicam group as most of the hepatocytes, central veins, blood sinusoids and portal triads appeared normal
having the same characteristics of the control group. The current results are in agreement with Valko et al.23 who proved that
ginger extract can control the quantity of free radicals and the
peroxidation of lipids. Thus, it could prevent or decrease the
damage in the human body caused by free radicals. Masuda et
al.24 denoted that fresh ginger rhizome contains gingerols (polyphenols) identified as the major active component, zingerone,
dehydrozingerone, shogaols and some related phenolic ketone
derivatives which exhibit potent antioxidant activities.
The present work revealed that treatment with piroxicam
caused a marked decrease in the amount of hepatic glycogen,
especially at the periphery of the lobule. These results came
in agreement with Tasci et al.25 who found that glycogen depletion started in zone 1 hepatocytes at the periphery of the
hepatic lobule. It occurred secondary to the piroxicaminduced
lipid peroxidative damage to the liver mitochondria, present in
larger amounts in zone 1 hepatocytes. Accordingly, the energy
machinery within the cells became endangered resulting in
compensatory enhancement of glycogenolysis.
Marked amelioration in the amount of hepatic glycogen was
observed in the group treated with combined piroxicam and
ginger compared to piroxicam group. This occurs secondary to
inhibition of the lipid peroxidation damage to the mitochondria, thus inhibiting glycogenolysis. The potential hepatoprotective role of ginger may be associated with antioxidant constituents such as 6-gingerol, 6-shogoal, 6-paradol, zingerone, and
some related phenolic ketone derivatives working individually
or in synergy.26
The results of the present study showed that piroxicam
caused deposition of excessive amount of collagen fibers around
the central vein, blood sinusoids and portal tracts and aggregation of collagen fibers inside the liver lobules. This may be
explained by activation of hepatic stellate cells that produce
fibrotic neomatrix. Exposure to hepatic toxins enhances the fibroblast growth factors-1 and -2 (FGF-1, FGF-2) which in turn
could stimulate the hepatic stellate cells directly to enhance the
deposition of collagen type I in the extracellular matrix.27
Normal deposition of few fine collagen fibers around central
vein and blood sinusoids was observed in the group treated with
combined piroxicam and ginger. These results were confirmed
by Yacout et al.1 11 who denoted significant amelioration in the
hepatic fibrosis caused by CCl4 on concomitant oral administration of the crude ethanolic ginger extract at a dose of 200 mg/
kg body weight, every day for one week. The study declared that
the exhibited hepatoprotective activity is due to the presence of
antioxidant compounds in ginger extract.
Morphometric studies in the present study revealed significant increase in the diameter of central veins and blood sinusoids in piroxicam-treated group. This may be attributed to the
increase in the level of nitric oxide (NO). Nitric oxideinduced
vasodilatation was also reported by Hingorani.28
In the group treated with combined piroxicam and ginger,
Morphometric studies revealed normal diameter of central veins
and blood sinusoids. This can be attributed to the antioxidant
properties and the potent hepatoprotective effect of ginger.
It could be concluded that piroxicam has toxic effects on
the liver as indicated by biochemical, histological and immu15
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Fig. 3 (Panel A) A photomicrograph of normal architecture of the liver in the control group showing normal distribution of very thin layer of collagen ﬁbers (arrows)
around central vein (CV). (Masson’s trichrome, scale bars = 40 μm). (Panels B–C) Photomicrographs of liver of piroxicam treated mice. (Panel B) Deposition of
marked amount of collagen ﬁbers (arrows) in the wall of the central vein (CV) and blood sinusoids (S) and extending inside the liver lobule. (panel C) aggregation of collagen ﬁbers (arrows) inside the liver lobules. (Masson’s trichrome, scale bars = 40 μm (panels B–C)). (Panel D) A photomicrograph of liver of piroxicam + ginger group with normal deposition of few ﬁne collagen ﬁbers (arrow) around central vein (CV). (Masson’s trichrome, scale bars = 40 μm).

nohistochemical results. Ginger has protective effects against
piroxicam-induced hepatotoxicity by reducing serum marker
enzymes, liver fibrosis and apoptosis.
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Fig. 4 (A) Negative immunostaining reaction of Bax in the liver tissue of the
control group. (B) Strong positive immunostaining reaction of Bax in the liver
tissue of the piroxicam-treated group. (C) Negative immunostaining reaction
of Bax in the liver tissue of group treated with piroxicam + ginger (Bax, immunostaining, scale bars = 40 μm).

Fig. 5 (A) Strong positive immunostaining reaction of Bcl2 in the liver tissue
of the control group. (B) Weak positive reaction of Bcl2 in the liver tissue of
piroxicam-treated group. (C) Strong positive immunostaining of Bcl2 in the
liver tissue of group treated with piroxicam + ginger (Bcl2, immunostaining,
scale bars = 40 μm).

Table 2
The diameter of blood sinusoids (BS) and central veins (CV) in the normal and experimental groups.
Parameters

Group I (Control)

Group II (Ginger)

Group III (Piroxicam)

Group IV (Piroxicam + Ginger)

Diameter of BS (um)

7.2 ± 1.08

7.3 ± 1.09

16.4 ± 2.29a

7.6 ± 1.19b

Diameter of CV (um)

97.3 ± 3.04

97.6 ± 3.09

217 ± 4.35a

98.9 ± 3.22b

Data is expressed as mean ± standard deviation. Results were statistically analyzed by using Student’s t test at p < 0.05.
a
p < 0.001 compared with the control group (group I).
b
p < 0.001 compared with the treated group (group III).
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Abstract
Background: Ivabradine is a funny current inhibitor which is administered to patients with congestive heart failure to reduce
their heart rate (HR) and attenuate oxidative stress. Chronic liver diseases are characterized by portal hypertension and hyperdynamic circulation with tachycardia. The present study aimed to investigate the effect of ivabradine on portal hypertension.
Methods: MaleSprague–Dawley rats received partial portal vein ligation (PVL) to induce portal hypertension. The PVL ratswere
randomly allocated to receive either vehicle or ivabradine treatment for 10 days. Then the hemodynamic datawere collected.
The levels of oxidative stressmarkers and the mRNA expression of nitric oxide synthase (NOS) were measured in the collateral
vessel, the superior mesentery artery and the liver. In addition, the collateral vascular responsiveness to arginine vasopressin (AVP)
was examined in the ivabradine-treated and vehicle-treated PVL rats.
Results: Treatment with ivabradine signiﬁcantly lowered the HR (174 ± 20 vs. 374 ± 9 beats/min; p < 0.001) and the superior
mesentery arterial ﬂow (SMAf) (6.6 ± 0.3 vs. 9.1 ± 0.7 mL/min/100 g BW; p = 0.005) of the PVL rats compared with the control
group. The mean arterial pressure, cardiac index, systemic vascular resistance, portal pressure and serum levels of oxidative
stress markers were not signiﬁcantly affected by ivabradine treatment. In addition, the NOS expression and collateral vascular
responsiveness to AVP were not signiﬁcantly inﬂuenced by ivabradine treatment, either.
Conclusion: Ivabradine reduced the HR and SMAf in PVL rats, which alleviated the hyperdynamic circulatory state and
splanchnic hyperemia of portal hypertension. However, whether these effects would help alleviate portal hypertension-related
complications requires further clinical investigations.
Keywords: Heart rate; Hyperdynamic circulation; Ivabradine; Nitric oxide; Portal hypertension

1. INTRODUCTION

Portal hypertension is most often caused by chronic liver parenchymal disease due to viral infection, alcoholism or metabolic
disorders. However, other causes include splanchnic or hepatic
vascular diseases and prolonged cholestasis due to bile duct
obstruction.1 Due to an increased resistance to portal venous
inflow through the liver, the splanchnic vessels are dilated and
angiogenesis is stimulated, which results in the formation of
portal-systemic collateral pathways. Splanchnic and peripheral vasodilatation further reduces systemic vascular resistance,
which causes the heart to compensate and raises the heart rate.
This is the basis of ‘hyperdynamic circulation’, and nitric oxide
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(NO), an endothelium-derived vasodilatory substance, is considered the most pivotal contributing factor.1-3 Complications
associated with portal hypertension can be severe and may include ascites, variceal bleeding and hepatic encephalopathy. Furthermore, the systemic reninangiotensin system is activated to
cope with the decreased intra-arterial blood volume.3,4 The main
effectors, including angiotensin II and aldosterone, induce renal
sodium retention. Activation of the renin-angiotensin system
also modulates the intrahepatic and portal-systemic collateral
vascular contractility, which exacerbates portal hypertension.3,4
Disruption of the intestinal barrier is often noted in patients
with portal hypertension.5,6 When the composition of intestinal
microorganisms or the intestinal barrier is disrupted in patients
with portal hypertension, intrahepatic vasoconstriction may be
elicited through reactive oxygen species, as the liver is the first
organ to encounter microbial products via the portal vein.5-7
Increased oxidative stress has been noted in patients in a portal
hypertensive state, and is associated with complications of liver
cirrhosis.6,7
Ivabradine, 3-[3-[[(7S)-3,4-dimethoxy-7-bicyclo[4.2.0]octa-1,3,5-trienyl]methyl-methylamino]propyl]-7,8-dimethoxy2,5-dihydro-1H-3-benzazepin-4-one, is a funny current inhibitor, which acts on sinoatrial nodal cells.8 Ivabradine selectively
slows down the heart rate (HR) without inducing significant
adverse reactions, such as inotropism reduction.9 By reducing
19

Chang et al.

the HR, ivabradine ameliorates reactive oxygen species production and oxidative stress.10,11 Therefore, the unique features of
ivabradine may potentially be beneficial for ameliorating portal
hypertension.
In cirrhosis there is progressive deterioration of cardiac function, which is ascribed to cirrhotic cardiomyopathy.12 Cirrhotic
cardiomyopathy plays an important role in the impairment
of effective arterial blood volume maintenance and could be
responsible for the development of hepatorenal syndrome. It is
quite common for cirrhotic patients to also have heart dysfunction, however the effects of ivabradine on portal hypertension
remain unknown. As ivabradine is capable of reducing the HR
without negative inotropism, it may also attenuate oxidative
stress and improve endothelial dysfunction.8-11 Therefore the impact of ivabradine on portal hypertension-related hyperdynamic
circulation and the formation of collateral vasculature is worthy
of further investigation. The present study aimed to investigate
the relevant effects of ivabradine on portal hypertensive rats.
2. METHODS
2.1. Animal model

Male Sprague–Dawley rats (300–350 g) were caged at 24 °C in
a 12 h light–dark cycle with free access to food and water prior
to the start of the experiments. Survival surgery and hemodynamic study were performed under ketamine hydrochloride
(100 mg/kg intramuscular) anesthesia. Portal hypertension
was induced by partial portal vein ligation (PVL) as previously
described.13 The Guide for the Care and Use of Laboratory Animals (NIH publication no. 86-23, revised 1985) was followed.
The present study was approved by the Taipei Veterans General
Hospital Animal Committee (approval no. IACUC 2014-192).
2.2. Experimental design

A preliminary dose-finding study was conducted. A total of
10 mg/kg/day ivabradine (n = 4) or normal saline (n = 4) was
administered via oral gavage for 10 days from days 1–10 post
PVL. The body weight (BW), mean arterial pressure (MAP),
HR and portal pressure (PP) were measured at the end of experiment.
Based on the preliminary findings, 10 days of 30 mg/kg/day
ivabradine (n = 7) or normal saline (vehicle, n = 8) treatment
was performed on PVL rats. On the 10th day, the BW and hemodynamic data were collected. The serum levels of the oxidative stress markers, malondialdehyde and glutathione peroxidase
were also determined. In addition, the mRNA expression of
inducible NO synthase (iNOS) and endothelial NOS (eNOS)
in the collateral vessel, superior mesentery artery and liver were
evaluated. In the parallel groups, 10 days of 30 mg/kg/day ivabradine (n = 7) or vehicle (n = 7) treatmentwas administered
to the PVL rats. Then an in-situ portal-systemic collateral vascular responsiveness study was conducted.
2.3. Measurement of systemic and portal hemodynamics

The right femoral artery and mesenteric vein were cannulated
by PE-50 catheters, which were connected to a Spectramed
DTX transducer (Spectramed Inc., Oxnard, CA, USA). The
external zero reference was placed level with the midportion
of the rat. Continuous recordings of MAP, HR and PP were
performed using a multi-channel recorder (model RS 3400,
Gould Inc., Cupertino, CA, USA). The cardiac output (CO)
were measured via the thermodilution method as previously
20
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described.14 Briefly, a thermistor was placed in the aortic arch
just distal to the aortic valve, and the thermal indicator (100 μL
normal saline) was injected into the right atrium through a PE50 catheter. The aortic thermistor was connected to a Columbus
Instruments Cardiotherm 500-AC-R (Columbus Instruments
International Co., OH, USA). A total of 3 thermodilution
curves were obtained for each CO measurement. The final CO
value (mL/min) was obtained from the mean of the measured
results. The cardiac index (CI; mL/min/100 g BW) was calculated as the CO per 100 g BW of each experimental animal.
The systemic vascular resistance (SVR; mmHg/mL/min/100 g
BW) was determined by dividing MAP by the CI.
2.4. Superior mesenteric artery flow measurement

Measurement of the superior mesentery arterial blood flow
(SMAf; ml/min/100 g BW of each experimental animal) was
performed as previously described.15 In brief, after the superior
mesentery artery was dissected from its surrounding soft tissue,
the SMAf was measured using a non-constrictive perivascular
ultrasonic transit-time flow probe (lRB; 1 mm diameter; Transonic Systems, Ithaca, NY, USA).
2.5. Measurement of serum malondialdehyde and glutathione peroxidase

Systemic lipid peroxidation was assayed by measuring malondialdehyde and antioxidant activity by glutathione peroxidase.16
Malondialdehyde was detected using a commercially available
detection kit according to the manufacturer’s instructions
(Merck KGaA, Darmstadt, Germany). Lipid peroxidation was
determined by measuring the reaction of malondialdehyde with
thiobarbituric acid and trichloroacetic acid, as this reaction
forms a colorimetric (532 nm)/fluorometric (λex = 532/λem =
553 nm) product that is proportional to the malondialdehyde
level. Glutathione peroxidase activity was also assayed according
to the manufacturer’s instructions (Randox Laboratories Ltd.,
Antrim, UK). Glutathione from the sample catalyzes the transformation of glutathione to oxidized glutathione in the presence
of cumene hydroperoxide, then glutathione reductase reduces
this oxidized glutathione using NADPH and H+ as coenzymes.
The decrease in absorbance at 340 nm is proportional to the
degree of enzyme activity, so the glutathione peroxidase activity
was measured accordingly.
2.6. Total RNA isolation and reverse transcription quantitative polymerase chain reaction (RT-qPCR)

Total RNA was extracted from the liver, superior mesentery
artery and left adrenal vein (the most prominent collateral vessel of PVL rats) using an RNeasy Mini kit (Qiagen
GmbH, Hilden, Germany) according to the manufacturer’s
instructions. RT-qPCR was performed on a LightCycler 480
(Roche Diagnostics, Mannheim, Germany), and the standard
LightCycler amplification cycle protocol was established for
each gene. β-actin was used as the endogenous reference gene.
The relative expression ofmRNA was calculated as the ratio
to β-actin. LightCycler analysis software (Roche Diagnostics, Mannheim, Germany) enabled the quantitative analysis
of the PCR products. The primer sequences were as follows:
β-actin forward, 5'-CGCCCTAGGCACCAGGGTG-3' and
reverse, 5'-GCTGGGGTGTTGAAGGTCTCAAA-3'; iNOS
forward, 5'-AGGCCACCTCGGATATCTCT-3' and reverse,
5'-GCTTGTCTCTGGGTCCTCTG-3'; eNOS forward,
5'-GGAAGTAGCCAATGCAGTGAA-3' and reverse, 5'- GCwww.ejcma.org
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CAGTCTCAGAGCCATACA-3'.

30 mg/kg/day ivabradine was used.

2.7. In situ perfusion study of portal-systemic collateral
vascular bed

3.3. Effect of 30 mg/kg/day ivabradine on the hemodynamics of PVL rats

As previously described,17 both jugular veins were cannulated
with 16-gauge Teflon cannulas, as outlets of perfusate. The inlet was an 18-gauge Teflon cannula inserted into the superior
mesenteric vein, and the portal vein was tied to prevent liver
perfusion. The animal was then transferred into a chamber (37
± 0.5 °C). Perfusion was started via the mesenteric cannula by a
roller pump (model 505S; Watson-Marlow Limited, Falmouth,
Cornwall, UK) with Krebs solution equilibrated with 95% (v/
v) O2 and 5% (v/v) CO2 by a silastic membrane lung. Pneumothorax were created by opening slits through the diaphragm to
increase pulmonary arterial resistance and prevent the perfusate
from entering the left heart. To continuously monitor and record the pressure, a Spectramed DTX transducer was connected, which was attached to the Gould model RS 3400 recorder
(Gould Inc., Cupertino, CA, USA), with the zero point placed
at the level of the right atrium. The cumulative concentration–
response curves of the collateral vessels were determined by
graded final concentrations of arginine vasopressin (AVP) in
escalation. The final concentrations in perfusate were from 10–10
to 10–7Mof AVP in perfusate. Each new concentration was
allowed to stabilize for 3 min before the next higher concentration was added. All of the experiments were performed 25 min
after the start of perfusion at a constant rate of 20 mL/min.
Only one concentration–response curve was performed in each
preparation and the contracting capability was challenged with
a 125-mmol/L potassium chloride solution after testing the experimental agents.

The BW of the PVL rats was not significantly affected by 30
mg/kg/day ivabradine treatment (346 ± 7 g) compared with the
control group (362 ± 9 g; p > 0.05). Treatment with ivabradine
significantly reduced the HR of the rats compared with the
control group (174 ± 20 vs. 374 ± 9 beat/min, respectively; p
< 0.001; Fig. 1). TheMAP, PP and SVR were not significantly
influenced by ivabradine treatment (MAP, 88 ± 7 vs. 105 ± 4
mmHg, p > 0.05; PP, 15.9 ± 1.3 vs. 15.8 ± 1.4 mmHg, p >
0.05; SVR, 3.0 ± 0.3 vs. 3.6 ± 0.4 mmHg/ml/min/100 g BW,
p > 0.05). The CO and CI were also not significantly affected
(CO, 104.6 ± 7.5 vs. 110.1 ± 4.6 mL/min, p > 0.05; CI, 30.6 ±
2.9 vs. 32.1 ± 1.6 mL/min/100 g BW, p > 0.05). However, the
SMAf was significantly reduced in the ivabradine treated group
(6.6 ± 0.3 mL/min/100 g BW) compared with the control
group (9.1 ± 0.7 mL/min/100 g BW; p = 0.005; Fig. 1).

2.8. Drugs

Ivabradine was provided by Servier Pharmaceuticals, France.
The drug was freshly prepared on the days of experiments.
2.9. Statistical analysis

All results are expressed as the mean ± standard error of the
mean. Statistical analyses were performed using an unpaired
Student’s t-test. Results were considered statistically significant
at a two-tailed p-value < 0.05.
3. RESULTS
3.1. Survival rate and complication in the experimental animals

All the rats survived the full length of the experiment, and no
significant adverse effects were observed throughout the whole
experimental period.
3.2. Effect of 10 mg/kg/day ivabradine on the hemodynamics of PVL rats

No significant differences were observed in the BW of the PVL
rats between the ivabradine-treated (345 ± 13 g) and control
(367 ± 14 g) groups (p > 0.05). However, the HR was significantly reduced in the ivabradine group (282 ± 20 beats/min)
compared with the control group (346 ± 7 beats/min; p = 0.049).
The MAP and PP were not significantly different between
the ivabradine and control groups (MAP, 104 ± 7 vs. 117 ± 2
mmHg, p > 0.05; PP, 13.8 ± 1.8 vs. 17.1 ± 2.1 mmHg, p > 0.05).
As no significant portal hypotensive effect was observed following treatment with 10 mg/kg/day ivabradine, a higher dose of
www.ejcma.org

3.4. Effects of ivabradine treatment on systemic oxidative
stress in PVL rats

The serum levels of malondialdehyde and glutathione peroxidase were not significantly different between the 30 mg/kg/day
ivabradine treated rats and the control group (malondialdehyde,
1.08 ± 0.05 vs. 1.17 ± 0.17 mmol/mL, respectively; p > 0.05;
glutathione peroxidase, 259.6 ± 11.0 vs. 233.3 ± 10.1 U/mL,
respectively, p > 0.05; Fig. 2).
3.5. mRNA expression of iNOS and eNOS in the superior
mesentery artery, left adrenal vein and liver of PVL rats after ivabradine treatment

Fig. 3 depicts the mRNA expression of iNOS and eNOS after
ivabradine treatment in PVL rats. There were no significant
changes in the expression of iNOS and eNOS in the superior mesentery artery (ivabradine vs. control: iNOS, 0.00052
± 0.00008 vs. 0.00032 ± 0.00011; eNOS, 0.0024 ± 0.0003
vs. 0.0035 ± 0.0006; both p > 0.05), left adrenal vein (iNOS,
0.00004 ± 0.000009 vs. 0.00004 ± 0.000006; eNOS, 0.0061 ±
0.0008 vs. 0.0048 ± 0.0012; both p > 0.05) and the liver (iNOS,
0.000030 ± 0.000005 vs. 0.000032 ± 0.000005; eNOS, 0.0011
± 0.00008 vs. 0.0012 ± 0.00002; both p > 0.05) in PVL rats
after ivabradine treatment compared with the control group.
3.6. Effects of ivabradine treatment on the vascular responsiveness in portal-systemic collaterals

Fig. 4 depicts the concentration–response curves of portalsystemic collateral vessels to AVP after 10 days of treatment with
ivabradine (30 mg/kg/day) or the vehicle in PVL rats. The
perfusion pressure change (measured perfusion pressure minus
baseline perfusion pressure at different concentrations of AVP)
was not significantly different between the ivabradine treated
and control groups (p > 0.05 from 10–10 to 10–7 M AVP).
4. DISCUSSION

To the best of our knowledge, the present study is the first time
that ivabradine treatment has been used in portal hypertensive
rats to reduce their HR and SMAf. In line with a previous
study,18 ivabradine did not alter the MAP, SVR or CO. Wei et
al. have also reported the effectiveness of ivabradine treatment
in rats with peritonitis-induced septic shock.19 In their study,
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Fig. 1 Effect of ivabradine treatment on PVL rats. The heart rate and superior mesentery arterial ﬂow were signiﬁcantly reduced by ivabradine. The mean arterial presure, cardiac index, systemic vascular resistance and protal pressure were not signiﬁcantly different between ivabradine- and vehicle-treated PVL rats (p
> 0.05).

Fig. 2 Serum levels of malondialdehyde and glutathione peroxidase after 10 days ivabradine treatment in PVL rats. Malondialdehyde and glutathione peroxidase serum levels were not signiﬁcantly different between the ivabradine- and vehicle-treated PVL rats (p > 0.05).

ivabradine treatment reduced the HR in septic rats. However,
this HR reduction was not associated with the changes to other
cardiac parameters or vascular responsiveness to vasopressors.
In addition,Wei et al. found that ivabradine did not influence
the levels of inflammatory cytokines or the protein expression
of eNOS in vascular tissue. Similarly, the present study revealed
that ivabradine did not alter the CO, CI or SVR in PVL rats,
despite a reduction in HR. Although the PP was not influenced
by ivabradine, the reduced SMAf could help reduce the blood
flow retained in the portal-systemic collaterals, and whether this
finding has the potential to ameliorate collateral-related complications, such as gastroesophageal variceal hemorrhage, deserves
further investigation.
Ivabradine did not affect the vascular or hepatic mRNA expression level of iNOS and eNOS, which are required for the
synthesis of NO, the most pivotal substance triggering portal
22

hypertension.1-3 Considering the previous findings, the reduction of SMAf seems to be secondary to the reduction of HR
and the selectively reduced blood flow sent to the splanchnic
vascular territory.
In the present study, ivabradine reduced SMAf, which indicates a reduced splanchnic blood flow in portal hypertensive
rats; however, the PP was not influenced. Initially, a dose of
10 mg/kg/day ivabradine was selected based on previous studies.20,21 Although the 10 mg/kg/day dose of ivabradine reduced
HR, it did not alter the PP in PVL rats. Therefore, 10 days of
30 mg/kg/day ivabradine treatment was used to test whether ivabradine exerted a portal-hypotensive effect. The results revealed
that a 30 mg/kg/day dose of ivabradine significantly lowered
the HR and SMAf, however the PP was still not significantly
different from the control rats. PP is determined by blood flow,
intrahepatic resistance and portalsystemic collateral shunting.22
www.ejcma.org
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Fig. 3 mRNA expression of iNOS and eNOS in the superior mesentery artery, left adrenal vein and liver of PVL rats treated by ivabradine or vehicle (control).
There were no signﬁicant differences between the ivabradine- and vehicle-treated groups (all p > 0.05).

Fig. 4 Concentration-response curves to AVP in the portal-systemic collateral vascular beds in ivabradine-treated and control PVL rats. Ivabradine
treatment did not significantly affect collateral vascular responsiveness to
AVP in PVL rats challenged with different consentrations of AVP (p > 0.05).

Therefore, the higher the splanchnic and portal blood flow, and
the intrahepatic and collateral vascular resistance, and the lower
the portal-systemic collateral shunting, the higher the PP. As
ivabradine reduces SMAf, which indicates a decrease in portal
inflow, whereas the PP and collateral vascular responsiveness to
vasoconstrictor remained unaltered, it could be that ivabradine
increased intrahepatic resistance or decreased the number of
www.ejcma.org

collaterals, however, further evaluation is required to confirm
this.
Custodis et al. reported that ivabradine prevented endothelial
dysfunction in apolipoprotein E-deficient mice by reducing
oxidative stress.10 To determine the antioxidant activity of ivabradine in PVL rats, the serum levels of malondialdehyde and
glutathione peroxidase were examined. Malondialdehyde is a
lipid peroxidation product, and an indicator of oxidative stress,
while glutathione peroxidase is the major anti-oxidant enzyme,
which captures harmful active oxygen.23 Neither malondialdehyde or glutathione peroxidase were significantly influenced by
ivabradine treatment. A possible explanation for this may be (1)
the treatment duration of ivabradine; (2) the dose of ivabradine;
or (3) the systemic and tissue-specific effect of ivabradine. The
study by Custodis et al. used a 6-week ivabradine treatment
protocol.10 However, the present study only administered 10
days of ivabradine treatment, as the PVL model only maintains
portal hypertension for 14 days after surgery. Whether a longer
duration of ivabradine treatment exerts a better anti-oxidant
effect is worth investigating, and the use of a different animal
model with a longer duration of portal hypertension may be
able to answer this question. Furthermore, a study by Beytur
et al. demonstrated that low-dose (0.6 mg/kg) ivabradine treatment reduced the level of malondialdehyde in the kidney tissue
of rats, whereas a relatively high-dose (6 mg/kg) ivabradine
treatment inversely increased the level of malondialdehyde,
which suggests a dose-dependent antioxidant effect of ivabradine.24 In the present study the serum levels of malondialdehyde
and glutathione peroxidase were also investigated as they are
considered to represent the systemic oxidative stress level in por23
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tal hypertensive rats. Although the results did not demonstrate
an improvement in systemic oxidative stress following ivabradine treatment, its specific effects on the liver or vasculatures of
portal hypertensive rats requires further investigation.
In conclusion, 10 days of 30 mg/kg/day ivabradine treatment
significantly reduced the HR and SMAf in portal hypertensive
rats. The reduction in SMAf may be associated with the reduced
HR and decreased blood flow sent to SMA territory. Whether
ivabradine can alleviate portal-systemic collateral-related complications via this effect requires further evaluation. To provide
better data for within a clinical setting, the effects of ivabradine
on cirrhotic animal models and patients are worthy of further
investigation in the future.
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Abstract
Background: Haemophilia A (HA), inherited via an X-linked recessive pattern, is the most common severe lifelong bleeding
disorder caused by mutations in the coagulation factor VIII gene (F8 ). It has signiﬁcant socio-economic effects due to its long
course of disease and high cost of care. These impacts argue for a more accurate genetic diagnosis in an increasingly complex
clinical environment.
Methods: A three-generation Han-Chinese family with mild HA was recruited in the study. Exome sequencing was performed in
the index case to detect potential disease-causing mutations, and Sanger sequencing was applied to verify the mutation in the
family.
Results: A hemizygous c.602G > A variant in the F8 gene, leading to a single amino acid substitution at codon 201 from glycine to glutamic acid (p.G201E) within the factor VIII (FVIII) A1 domain, was identiﬁed in the HA family. This mutation detected in
the proband was found in his affected sibling, while it was absent in the unaffected family member and the two hundred ethnically-matched controls. The mutation affects an evolutionary conserved residue, which may impact the tertiary structure of FVIII.
Conclusion: The study ﬁndings should provide for more dependable and precise genetic counseling which may assist in perfecting family management.
Keywords: Chinese; F8 , FVIII; Genetic; Haemophilia A; Mutation

1. INTRODUCTION

Haemophilia A (HA, OMIM 306700), inherited in an X-linked
recessive pattern, is the most common severe lifelong bleeding
disorder, affecting 1 in 5000 male live births.1-3 It arises from
mutations in the coagulation factor VIII gene (F8). HA was
diagnosed on the basis of clinical manifestations and laboratory findings. Residual plasma factor VIII coagulant activity
(FVIII:C) tests rank HA as severe (< 1% FVIII:C), moderate
(1-5% FVIII:C) or mild (5-40% FVIII:C). 4 HA associates
with prolonged activated partial thromboplastin time (APTT),
but normal bleeding time, prothrombin time (PT) and platelet count.5 HA clinical hallmarks are intra-articular bleeding,
intra-muscular bleeding and long-term potentially mortal
post-trauma or post-operative hemorrhaging.5,6 Severe HA patients usually have 20-30 episodes of spontaneous or excessive
bleeding in joint or muscle each year, though mild HA patients
may occur excess bleeding simply after trauma or surgery.2
More than 2884 F8 mutations have been recorded in the
Human Gene Mutation Database (HGMD, http://www.hgmd.
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cf.ac.uk/ac/index.php). These mutations result in varied phenotypes including FVIII:C and FVIII antigen concentration
in different families.4,7 Intron 22 (IVS22) and intron 1 (IVS1)
inversions are responsible for 40-50% and 5% of all severe HA
patients, respectively.8,9 The remaining severe, moderate and
mild patients are induced by other different F8 mutations.7,8
The most serious FVIII replacement therapy complication is
inhibitors (antibodies and anticoagulants) development which
occurs in 20-35% of all severe HA cases, while mild HA cases
rarely generate inhibitors.7
There are between 65,000-130,000 HA patients in China’s
1.3 billion population. FVIII replacement products supplies do
not meet demand, and the budget for care is limited.1,10 F8 mutation detection is valuable for family genetic counseling and as
a forecaster of inhibitor development.3,5 This study identified a
hemizygous F8 c.602G > A (p.G201E) mutation in a Han-Chinese family with mild HA.
2. METHODS
2.1. Subjects

A three-generation Han-Chinese family with HA referred to
us for diagnosis at The Third Xiangya Hospital, Central South
University, China was recruited for the study (Fig. 1A). Clinical
data and peripheral blood specimens were obtained from three
family members, comprised of two HA patients (II:3 and II:5)
and one unaffected individual (III:1). Two hundred unrelated
ethnically-matched subjects (male/female, 100/100; mean age
45.3 ± 4.5 years) with no hemorrhagic disease were enrolled as
controls. All participants executed the written informed consent. The study was performed in accordance with Declaration
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c.602A

N: Normal
M: c.602G>A (p.G201E)
(A)

(B)

c.602G

p.G201

(C)

(D)

p.G201

p.G201E
(E)
Fig. 1 Pedigree of the family with mild HA and sequencing analysis of F8 c.602G > A (p.G201E) mutation. (A) Pedigree ﬁgure. The arrow indicates the proband. (B) Patient (II:3) with the hemizygous F8 c.602A allele. (C) Family member (III:1) with F8 c.602G allele. (D) Conservation analysis of the FVIII p.Gly201
amino acid residue. (E) Cartoon model of the FVIII protein structure (residues 20-744) by PyMOL 1.6.x based on the SWISS-MODEL: the glycine and the mutated glutamic acid at position 201 are shown as ball-and-stick model. HA, haemophilia A. F8 , the coagulation factor VIII gene. FVIII, factor VIII.
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of Helsinki and approved by the Institutional Review Board of
The Third Xiangya Hospital, Central South University, China.
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Table 1
Clinical and genetic characteristics of family members with the
F8 c.602G > A mutation

2.2. Exome capture

Genomic DNA, for all subjects, was extracted from peripheral
blood samples via a phenol-chloroform extraction method.11
Exome sequencing, for the proband, was performed by the
Novogene Bioinformatics Institute, Beijing, China. Paired-end
DNA library construction and exome capture were performed
using an Agilent SureSelect Human All Exon V6 Kit. Covaris
S220 sonicator was used to break 0.6 μg of genomic DNA
into fragments of 180-280 bp which were further subjected
to end-repairing, A-tailing and adaptor ligation. After DNA
quality assessment, the captured DNA library was paired-end
sequenced (150 bp) with an Illumina HiSeq 2000 sequencing
system (Illumina Inc., USA).12,13 All operations were performed
following the manufacturer protocols.

Case

II:3

II:5

Sex

Male

Male

Ethnic background

Han Chinese

Han Chinese

Age (years)

45

39

Age at onset (years)

44

38

Nucleotide change

c.602G > A

c.602G > A

Amino acid change

p.G201E

p.G201E

Zygosity

Hemizygous

Hemizygous

FVIII domain

A1

A1

Disease severity

Mild

Mild

Bleeding

Encephalorrhagia

No

FVIII:C

15.7%

29.3%

2.3. Variant analysis

APTT (seconds)

46.3

44.2

Picard (http://sourceforge.net/projects/picard/), Genome Analysis Toolkit and SAMtools were applied to remove duplicates,
obtain local alignment and do base quality recalibration. An
analysis-ready BAM alignment data was then acquired. The
thresholds for calling single nucleotide polymorphisms (SNPs)
comprised the alignment rate of sequencing reads ≥ 95% and
the coverage of sequence depth ≥ 10×.14 ANNOVAR was used
to annotate SNPs and insertions/deletions (indels).15 Common
variants recorded in the public databases including SNPs build
151 (dbSNP151, http://www.ncbi.nlm.nih.gov/projects/SNP/
snp_summary.cgi), 1000 Genomes Project (http://www.1000genomes.org/) and NHLBI Exome Sequencing Project (ESP)
6500 were filtered following the previous criteria.12,16 Variants
remaining after this process were classified as ‘novel’. SNPs and
indels located in exons or splicing sites were further analyzed.
Sorting Intolerant from Tolerant (SIFT, http://sift.jcvi.org/)
and Polymorphism Phenotyping version 2 (PolyPhen-2, http://
genetics.bwh.harvard.edu/pph2/) were applied to predict nonsynonymous SNPs function.
Locus-specific PCR amplification primers were designed referring to the human genomic sequences (accessed from UCSC
database). Primer-BLAST (Basic Local Alignment Search
Tool, http://www.ncbi.nlm.nih.gov/tools/primer-blast/) was
used to estimate primer specificity.14 Sanger sequencing, which
relied on PCR products, was performed to verify putative disease-causing variants in the family and the two hundred ethnically-matched controls through ABI3500 sequencer (Applied
Biosystems Inc., Foster City, CA, USA).17 Primer sequences
for locus-specific PCR amplification and Sanger sequencing
were listed: 5'-TCACTAACCTTCATCAAATACAGCA-3' and
5'-AGACCTGACATCAAAGCCAAG-3'.
NCBI BLAST (http://blast.st-va.ncbi.nlm.nih.gov/Blast.cgi)
was used to conduct multiple sequence alignment in diverse
species. MutationTaster (http://www.mutationtaster.org/), Protein Variation Effect Analyzer (PROVEAN, http://provean.jcvi.
org/index.php), SIFT and PolyPhen-2 were utilized to predict
possible effects of mutation on protein function or structure.

PT (seconds)

10.7

11.3

Platelet count (×109/L)

239

245

Inhibitors

Not detected

Not detected

3. RESULTS
3.1. Clinical findings

FVIII:C measurement was obtained via a one-stage clotting
assay founded on the APTT.18 Two family members (II:3 and
www.ejcma.org

FVIII: C, FVIII coagulant activity. APTT = activated partial thromboplastin time; PT = prothrombin
time.

II:5) had mild HA with FVIII:C of 15.7% and 29.3% respectively. No FVIII inhibitors were detected in either patient. The
proband (II:3) received recombinant human FVIII concentrate
and regained a normal FVIII:C of 75.3%.7 Detailed clinical
data was listed in Table 1.
3.2. Exome sequencing

A total of 35.65 million reads with an average read length of
100 bp were generated by exome sequencing, and 35.58 million
reads (99.82%) were mapped to the human reference genome.
Target region average sequencing depth was 51.95. The region
was 97.7% covered by the target sequence at 10× or greater. A
total of 125,316 SNPs, with 22,881 in the exon regions and
2475 in the splicing sites, were detected. A total of 14,507 indels, containing 613 in the exon regions and 371 in the splicing
sites, were found.
3.3. Identification of pathogenic mutation

General known variants recorded in dbSNP151 with minor allele frequency (MAF) > 1%, 1000 Genomes Project with a frequency of > 0.5% and NHLBI ESP6500 were removed. SIFT
(predicted values less than 0.05 are deleterious) and PolyPhen-2
(output close to 1.00 are probably damaging) software results
predicted the possible pathogenic effects of nonsynonymous
variants. Using screening criteria described above, a hemizygous
c.602G > A (p.G201E) variant in F8 exon 5 was identified
in the proband (II:3, Fig. 1B). No other potential pathogenic
mutation for HA or diseasing-causing mutation in the von
Willebrand factor gene (VWF) was identified. Mutations in the
VWF gene were reported to be responsible for von Willebrand
disease, whose severe type 1 and type 2N share similar FVIII:C
level with mild HA. The hemizygous F8 c.602G > A variant
was confirmed by Sanger sequencing. The variant was found
in his affected sibling (II:5). It was absent in the unaffected
family member (III:1, Fig. 1C) and the two hundred ethnically-matched controls.
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Glycine at position 201 (p.G201) is highly conserved in
mammals (Fig. 1D). MutationTaster predicted that the F8
c.602G > A variant could be a disease-causing mutation with
a score of 0.999. PROVEAN and SIFT program analyses of
p.G201E variant support the deleterious function of this substitution with a score of -6.50 and 0, respectively. PolyPhen-2
software revealed this variant as a probably damaging mutation
with a high score of 1.000 (sensitivity: 0.00; specificity: 1.00).
According to the American College of Medical Genetics and
Genomics (ACMG) standards and guidelines for variant interpretation,19 the mutation was classified as ‘pathogenic’.
4. DISCUSSION

Since the F8 was first cloned in 1984, insights into the molecular bases of HA have made significant progress.20,21 This study
found a hemizygous F8 c.602G > A (p.G201E) mutation in a
three-generation Han-Chinese family suffering from mild HA.
Sanger sequencing confirmed it co-segregated with disease in
the family, and mutation prediction software supported it as a
pathogenic mutation.
The F8 gene, located at the most distal band of the long arm
of X-chromosome (Xq28), spans approximately 186 kilobases
(kb) of genomic DNA and has 26 exons.22,23 It encodes a polypeptide of 2351 amino acids including a hydrophobic signal
peptide of 19 residues and a mature protein of 2332 amino
acids.22 The mature FVIII protein is a multidomain glycosylated
heterodimer consisting of a heavy chain, comprising A1 (residues
1-336)-A2 (373-710)-B (741-1648) domains, and a light chain
that includes A3 (1690-2019)-C1 (2020-2172)-C2 (21732332) domains. 1,20 Three short acidic interdomain regions
disperse in the A1 and A2 domains, the A2 and B domains,
and the B and A3 domains, respectively, which were designated
as a1 (337-372), a2 (711-740) and a3 (1649-1689).20,24 These
acidic regions, located close to FVIII proteolytic cleavage sites
and including a total of six highly conserved tyrosine residues,
may play an important role in FVIII procoagulant activity.24
The B domain is an orphan domain with no known homology with other proteins.20 The C domains structurally associate
with factor V (FV) C-terminals, and C2 domain is a necessary
recognition region for molecules anchoring to procoagulant
phospholipid surfaces.7,20 In plasma, FVIII binds with von Willebrand factor (vWF) by the A3 and C2 domains to generate a
steady noncovalent complex which prevents degeneration.1,22,25
FVIII is activated through thrombin or factor Xa, which further
separates from vWF and binds to negatively charged phospholipids.21,23 It contributes as a cofactor to activated factor IX
(FIXa) in the tenase complex. Subsequently, factor X is activated and blood coagulation cascade continues.23
F8 missense mutations are associated with a variety of impacts relying upon mutation type and position.25 Hydrophobic
and hydrophilic amino acids locations in proteins are known
to be different. They are generally determined by what the side
chains are. The formers incline to locate into a pocket in the
core of molecule, while the latters are more frequently on the
protein surfaces.25 Mutations occurring between these two parts
may affect protein tertiary structure. The hemizygous c.602G >
A mutation leads to a single amino acid substitution at codon
201 (p.G201E) in the A1 domain of FVIII (Fig. 1E). Glycine
tends to be a neutral, hydrophobic amino acid while its replacement, glutamic acid, is a negatively charged, hydrophilic amino
acid.26,27 Located at the same position, another F8 mutation
p.G201R was found in UK and Taiwan HA patients, respec28
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tively.28,29 Arginine is a positively charged, hydrophilic amino
acid. These mutations may result in a denatured FVIII protein
which may lose its procoagulant activity by disturbing the
tertiary structure. The F8 p.G201W mutation, identified in a
Swedish HA patient,30 may not have the same mechanism. This
amino acid substitution does not appear to change hydrophilic-hydrophobic properties. The pathogenic mechanism between
this mutation and the disease warrants further exploration. The
F8 c.602G > A (p.G201E) mutation was previously reported
in a Lebanese severe HA case,3 suggesting that the nucleotide
c.602G may be a mutational hotspot and originate in different
ancestors. Similarly, both severe and mild HA was described in
different patients with a same mutation, such as F8 c.409A >
G (p.Y137A) mutation.31,32 Phenotypic differences in different
patients may, for the most part, be caused by personal gene expression levels as moderated by genetic background or environmental factors.33
In conclusion, a hemizygous F8 c.602G > A (p.G201E)
mutation was identified as the genetic cause of mild HA in a
Han-Chinese family. To our knowledge, this is the first report
of p.G201E in East Asian population. The records of different
mutations at codon 201 (p.G201R and p.G201W) in the literature will enhance our understanding of this important position
of the FVIII protein and the pathogenic mechanisms of HA.
These findings facilitate more dependable and exact genetic
counselling and may be helpful in improving family management.
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Abstract
Backgrounds: Conditioned responses of paired nociceptive blink reﬂex (nBR) can reﬂect the excitability of trigeminofacial circuit. In the present study, we studied paired homotopic nBR with different inter-stimulus intervals (ISI). By monitoring different
ISIs and consequential conditioned R2 of nBR, we aimed to investigate the impact of ISIs on the recovery cycle of nBR in normal individuals.
Methods: Twelve healthy volunteers (mean age: 29.9 ± 7.0 years; M/F: 7/5) were enrolled in this study. After individuals’ reﬂex
threshold was determined, triple pulses were given in pairs with ISIs 125 to 10000 milliseconds randomly. We calculated the ratio of conditioned and unconditioned nBR area-under-curve (AUC) (deﬁned as recovery index), and amplitude of each ISI.
Results: The average latency of unconditioned nR2 is 42.6 ± 5.5 ms, with amplitude of 53.4 ± 43.9 μV and the AUC of 563.5
± 480.6 ms∙μV. The conditioned nBR/unconditioned nBR response ratio was less than 100% while the ISI is shorter than 1667
ms, suggesting an inhibited conditioned response. The recovery index and the amplitude of conditioned nBR gradually increased with increasing ISI. The recovery index was greater than 100% at ISI of 10 s (p = 0.005), implying full recovery and facilitation of conditioned nBR.
Conclusion: Our study established the time-dependent dynamic recovery curve of paired nBR. The facilitated nBR at ISI longer
than 10 s might be associated with temporal summation to the facial motor neurons after repeated stimuli. Our study results
provided potential applications for patients with pain disorders involving trigeminofacial region.
Keywords: Electric stimulation; Nociceptive blink reﬂex; Recovery cycle; Temporal summation; Trigeminal nerve

1. INTRODUCTION

The blink reflex (BR) provides a non-invasive method to examine the trigeminofacial- brainstem connections. The traditional
blink reflex contains three components: one oligosynaptic reflex, R1 (latency 9.1-11.8 ms), and two polysynaptic reflexes,
including R2 (latency 27.1-38.6 ms) and R3 (70.7-92.0 ms).1
R2 is influenced by interneuronal networks2 and is suppressed
by preceding conditioning stimulation.2,3 In general, R2 is completely abolished from 0 to 200–300 ms in response to paired
stimuli, and recovers to approximately 30–50% at the 500 ms
interval and 70–90% at the 1,500 ms interval.3 The recovery
curve of a second R2 is considered reflective of the excitability
of brainstem interneurons and the trigeminofacial circuit.2-4
Abnormal R2 recovery is associated with hemifacial spasm, torticollis spasmodica, and blepharospasm.5
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A novel method, using a concentric electrode, has been developed to selectively stimulate nociceptive fibers in order to
elucidate pain-related disorders of the trigeminal nociceptive
systems.6,7 The electrode consists of a small central cathode (diameter: 0.5 mm), an isolation insert (diameter: 5 mm), and an
external anode ring (diameter: 6 mm), providing a stimulation
area of 19.6 mm2 (Walter Graphtek GmbH, Lübeck, Germany). With low stimulus intensity and high current nociceptive
density, the electrode selectively activates skin nociceptive Aδ
fibers.6 The onset latency of the BR in response to the concentric electrode is 44.7 ± 7.3 ms and is relatively prolonged
in comparison with conventional electrical stimulators.7 The
nociceptive BR (nBR) elicited by the novel concentric electrode
has proven to be a sensitive and specific method to study the
trigeminal nociception pathway.5-7 Abnormal nBR excitability
has been demonstrated in patients with primary headache.8-12
However, the complete recovery curve of the nBR has not yet
been determined. If nBR is activated by the concentric electrode
through Aδ fibers, it is likely that the recovery of nBR to paired
stimuli will be longer than the recovery time for conventional
electrical stimulation (i.e. more than 1,500 ms).13 In the current
study we applied the concentric electrode to study trigeminal
nociceptive processing in the brainstem and the recovery curve
of nBR.
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2. METHODS
2.1. Subjects

Healthy controls without history of migraine were recruited
for the study. Infrequent episodic tension-type headaches (< 1
headache day/month) were permitted.14 Subjects did not have
major medical conditions nor did they take any medications
on a regular basis. All subjects were nonsmokers. To avoid
confounding variables, participants were asked to abstain from
caffeine and alcohol for four hours prior to the study. The study
was reviewed and approved by the Institutional Review Board
of Taipei Veterans General Hospital. Informed consent was obtained from all subjects before participating in the study.
2.2. Nociceptive stimulation: reflex threshold (RT) intensity

Nociceptive stimulation was elicited by methods described by
Kaube et al.7 Briefly, custom-made planar concentric electrodes
were used to provide high current densities at low intensities.
We modified the method of Bischoff et al.15 by placing the
stimulator in the middle of the face, i.e. the base of the nose.
This site is farther from the outlet of the ophthalmic nerve and
is more sensitive to electrical stimulation than forehead skin.
Stimulation at the base of the nose activates the external nasal
nerve (a division of trigeminal nerve V1) and elicits a more
symmetric nBR. Due to our focus on the recovery phase of the
nBR, we collected data from one hemisphere for analysis. The
recording electrode was placed at the right infraorbital area over
the orbicularis oculi muscle and the reference electrode was
placed lateral to the orbit (Fig. 1A). A grounding electrode was
placed on the left arm. The signal was recorded with a sweep
duration of 200 ms (Bandwidths: 1-1,000 Hz, sampling rate:
2,500 Hz).
Stimulation parameters were as follows: triple pulses with an
inter-pulse interval of 5 ms and a pulse duration of 0.5 ms.16
The current intensity (of each pulse) was adjusted by 0.5 mA
increments, starting from 0.5 mA, in order to detect individual
pain thresholds (i.e. a corresponding verbal rating of approximately 3 on a scale of 1-10).16 An individual’s reflex threshold
intensity (RT) was set at 1.5 times that of an individual’s pain

(A)
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threshold (0.5 - 2 mA). During the experiment, a recording
electrode was placed on the right sternocleidomastoid muscle to
detect contractions resulting from the startle reflex. Responses
associated with a startle reflex were excluded. The measurements
of nBR included latency, amplitude, duration, and area under
the curve (AUC) (Fig. 1B).
2.3. Unconditioned R2 and paired nociceptive blink reflex

Paired triple pulses were administered under inter-stimulus
intervals (ISIs) of 10,000, 5,000, 3,333, 2,500, 2,000, 1,667,
1,429, 1,250, 1,111, 1000, 500, 333, 250, 200, 167, 143, and
125 ms (equal to frequencies of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
0.8, 0.9, 1, 2, 3, 4, 5, 6, 7, and 8 Hz). Because the interval of
the ISI was set at a maximum of 10 s, the built-in program of
the F wave response was modified for the study. The two stimuli were presented consecutively. The ISI was derived from the
stimulating frequency. For example, the ISI was 333 ms when
the two stimuli were given at a frequency of 3 Hz. For each
nBR, the response to the first stimulation was recorded as the
unconditioned nBR (S1) and the response to the second stimulation was recorded as the conditioned nBR (S2). Each session
was composed of paired nBRs of the same ISI, separated by at
least 30 seconds. In total, each subject was presented with 17
sessions and 34 stimuli. After a session was complete, responses
at different ISIs were tested randomly. Latencies, amplitudes
and AUC of each paired nBR were recorded during all sessions
(Fig. 1B). The latency, amplitude and AUC of all responses
were analyzed offline. The recovery index (RI) at each ISI was
defined as the conditioned nBR AUC divided by the unconditioned nBR AUC.12 The amplitude ratios of conditioned/
unconditioned nBR at each ISI were also calculated.
2.4. Statistical analysis

Data were statistically analyzed by parametric testing. All values
were expressed as mean ± standard deviation (SD) for continuous variables. The mean RI at each ISI was calculated. The
group RI mean at each ISI was first compared to 100% with a
two-tailed, one sample t-test. If the t-test showed a significant
difference from 100% (p < 0.05), a one-tailed, one sample t-test
followed to determine if the results were significantly less than

(B)

Fig. 1 (A) Position of recording and stimulation electrodes. ~: stimulation, : recording, {: reference, Δ: sternocleidomastoid muscle recording. (B) Nociceptive blink reﬂex (nBR) to train stimulation. Deﬁnition of latency, amplitude and area under curve (AUC). Every column on the X-axis represent 10 ms and every
column on the Y-axis represent 50 μV (Per division is 50 μV/10 ms.).
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Fig. 2 Mean recovery index (RI) at each inter-stimulus interval (ISI). * Mean RI < 100%, p < 0.05. #: Mean RI > 100%, p < 0.05 (error bar represents standard
deviation)

100% (indicating inhibition) or more than 100% (indicating
facilitation). The current study was an explorative study to evaluate facilitation of response at longer ISIs of paired nBR, and
thus, no reference was available. Nevertheless, based on previous studies on the R2 recovery curve after the traditional blink
reflex,17 we hypothesized that at some ISI, the RI would exceed
120% with a standard deviation of 25% (effect size = 0.8). Given alpha = 0.05, and statistical power = 0.8, a sample size of 12
was necessary. Correlations of conditioned/unconditioned nBR
in amplitude and AUC (RI) were calculated. A probability level
of < 0.05 was chosen for significance.
To evaluate the reliability of the nBR the intra-class correlation coefficient (ICC) of amplitude and AUC was calculated
using the results from the first and second stimulation, throughout the entire set of stimuli (i.e. stimuli at 17 different frequencies). A value between 0.60 and 0.74 indicates good reproducibility, while a value between 0.75 and 1.00 indicates excellent
reproducibility between stimulations.18
3. RESULTS

Twelve healthy volunteers (mean age: 29.9 ± 7.0 years; 5 females) were enrolled in the study. The average latency of unconditioned nR2 was 42.6 ± 5.5 ms, with an amplitude of 53.4 ±
43.9 μV and an AUC of 563.5 ± 480.6 ms∙μV.
The conditioned/unconditioned nBR responses of all subjects
at each ISI are shown in Table 1. The response of the conditioned nBR gradually increased as the ISI lengthened (Fig. 2).
The mean RIs at ISIs from 125 ms (8 Hz) to 1,667 ms (0.6
Hz) were significantly less than 100%, indicating an inhibited
conditioned nBR response (p < 0.05) (Fig. 3A). At ISIs between 1,667 ms (0.6 Hz) and 10 s (0.1 Hz), the RI increased
gradually, reflecting a recovery process (Fig. 3B). The RI was
significantly greater than 100% at an ISI of 10 s (p = 0.005),
implying full recovery and facilitation of the conditioned nBR
(Fig. 3C). Although the amplitude ratios were not identical, the
conditioned/unconditioned nBR amplitude was highly correlated with the RI (r = 0.89, p < 0.05, Fig. 4).
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The ICC of amplitude between the first and the second
stimulation was 0.662, while the ICC of the AUC was 0.686.
Therefore, both measures had good reproducibility.
4. DISCUSSION

The current study investigated nBR recovery. There were three
major findings. First, the conditioned nBR amplitude recovered
gradually as the ISIs lengthened. Second, after gradual recovery,
the conditioned nBR was facilitated as the ISI lengthened up
to 10 s. Third, the amplitude ratios of conditioned/unconditioned nBR were highly correlated with the RI, providing a new
measure of nBR habituation. These results indicate that the
measurement of amplitude is easier and more time saving than
the measurement of AUC in the study of conditioned nBR.
Moreover, many commercialized electrodiagnostic devices are
not equipped to calculate AUC. The high correlation between
AUC ratio and amplitude ratio of unconditioned/conditioned
nBR found in the current study indicates that the measurement
of amplitude should be the recommended method for the study
of paired nBR. However, in a study of unconditioned nBR,
baseline-adjusted AUC showed the best correlation with subjective pain ratings.19
Previous studies have shown that paired classical trigeminal
stimulation can induce transient facilitation of R1, peaking at
50 ms, followed by inhibition of R2.4 Similarly, arising from
the medullary subnuclei interpolaris and caudalis of the spinal
trigeminal nucleus,20,21 the nBR is also influenced by many
suprasegmental structures including the motor cortex, the postcentral cortex, and the basal ganglia.22 Repeated painful stimuli
can induce pre-synaptic control,23 gating of trigeminofacial
reflex,4 and activation of segmental inhibitory interneurons.12
It is thought that the above-mentioned mechanisms protect
the brain from experiencing sensory overload. 4 A previous
study showed that sensory gating underlying paired-stimulus
suppression is specific to the affected afferent limb of a reflex.24
However, responsiveness of the nociceptive pathway increased
when painful stimuli are given repeatedly at longer intervals.
www.ejcma.org
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Fig. 4 The correlation between amplitude and area-under curve (AUC): Conditioned/ unconditioned nBR response. X-axis: conditioned/unconditioned
nBR in amplitude. Y axis: conditioned/unconditioned nBR in AUC (recovery
index, RI).

Fig. 3 The conditioned nBR response to (A) inhibition at ISI 0.125 ms, (B)
recovery to baseline at ISI 3 s, and (C) facilitation at ISI 10 s. The ﬁrst stimulation was recorded as the unconditioned nBR (S1) and the response to the
second stimulation was recorded as the conditioned nBR (S2).

High-frequency electrical stimulation (i.e., 5 trains of 100 Hz
for 1 s) repeated after a 10 s interval has been shown to increase
pain perception by eliciting long-term potentiation in the dorsal horn of the nociceptive pathway.25-29 Meanwhile, it has also
been shown that blink-evoking stimuli lead to a facilitating
process likely initiated in the facial motoneuron.5,30 We therefore hypothesize that the sensory gating and activated segmental
inhibitory interneurons are more prominent at ISIs shorter than
2,000 ms, causing an inhibitory conditioned nBR. As the ISI
lengthened, the inhibitory process diminished gradually, longterm potentiation in the nociceptive pathway was induced, and
the facilitation in facial motor neurons occurred at an ISI of 10 s.
The mechanisms underlying the facilitation of the nBR
response at longer ISIs are not clear. However, the activated
nociceptive transmission and temporal summation at facial
motor neurons may be contributing factors. The temporal
summation of the lower limb flexion reflex is well studied and
www.ejcma.org

may help in our understanding of the mechanisms underlying
nBR. The flexion reflex of the lower limb is a polysynaptic and
multi-segmental pathway, consisting of an early response and a
late response. The wide dynamic range (WDR) neurons, located
in lamina V of the dorsal horn of the spinal cord, along with a
complex network of interneurons, play a significant role in pain
processing and flexion reflex mediation.31 The flexion response
is produced after integration of descending motor commands
and multi-sensorial feedback in the spinal cord, which further
projects the output to motor neurons.32 The nBR response is
generated by a complex network of interneurons located from
the pons to the lower medulla. Afferent impulses are conducted
through the descending spinal tract of the trigeminal nerve,
reaching the caudal spinal trigeminal nucleus in the lower medulla, and then ascend bilaterally via the ascending medullary
pathway to reach the facial nuclei in the pons.33 This multi-synaptic pathway involves the reticular formation and the mechanisms responsible for the conditioned response are mainly
mediated by WDR interneurons in the medullary dorsal horn.6
In previous studies, wind-up of spinal cord neurons and pain
sensation was not observed at frequencies below 0.2-0.3 Hz.34
In the present study, we observed that the nBR recovered at an
ISI of 2,000-5,000 ms (stimulating frequency approximately
0.2-0.5 Hz, Fig. 2), and that the facilitated nBR recovered at an
ISI of 10 s (0.1 Hz).
The current study is the first to describe the time course of
paired nBR suppression at an ISI as high as 10 s in healthy
subjects. We hypothesized that the facilitated trigeminofacial response is associated with temporal summation of multiple stimuli onto facial motor neurons. However, there are limitations
to the study that must be considered. First, the variability in
the amplitude ratio and the AUC ratio (RI) was relatively large,
although they did not significantly differ from a previous study
using the traditional blink reflex paradigm.17 Second, the peak
of the facilitated nociceptive response was not determined. Future studies should examine longer ISIs. In addition, we studied
the recovery curve with paired stimuli without further repeated
multiple stimuli to confirm the phenomenon of temporal summation. Lastly, the sample size in the current study was relatively small and homogeneous. Further large-scale studies, incorporating parameters mentioned above (i.e. longer ISIs, multiple
stimulations, subgroup studies including different gender and
33
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age groups) are needed to confirm the present findings and to
expand our understanding of paired nBR physiology.
In conclusion, the current study established the time-dependent dynamic recovery curve of paired nBR. In addition, the facilitated nBR at an ISI of 10 s may be associated with temporal
summation at facial motor neurons after repeated stimuli. The
results of the current study suggest that the evaluation of the
pattern of the dynamic recovery curve of the nBR may be a useful tool in diagnosis and treatment of patients with pain-related
diseases in the trigeminofacial region. The ICC between the
first and the second stimulation showed good reproducibility of
both amplitude and AUC. The paired nBR protocol is be a reliable technique for use in longitudinal studies for the detection
of differences in individuals/patients over time, and may further
aid in our understanding of the underlying pathophysiology of
pain-related diseases involving the trigeminal pathway.
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Abstract
Background: Patients with chronic nonspeciﬁc low-back pain (CNSLBP) lack the ﬂexion-relaxation phenomenon in full-trunk
bending. This can be quantiﬁed by surface electromyography (SEMG) measurement of lumbar erector muscle. The study objective is to explore the clinical utility of the SEMG ﬂexion-extension ratio (FER) in distinguishing patients with CNSLBP from painfree persons.
Methods: This was a comparative cross-sectional study. We adopted a balanced study design by recruiting 130 participants
each for the CNSLBP and control arms. Each participant underwent dynamic SEMG measurement in full-trunk bending, which
consisted of standing, ﬂexion, relaxation, and extension. The FER ratio was the ratio of the maximum SEMG in ﬂexion to the
maximum SEMG during extension. Receiver-operating characteristic (ROC) analysis was conducted to identify optimal values of
the FER and associated sensitivity, speciﬁcity, and diagnostic accuracy.
Results: The CNSLBP group and control group were generally comparable in terms of demographics and clinical proﬁle. The
CNSLBP group had higher SEMG amplitudes during flexion but lower SEMG during extension. The mean (SD) FER of the
CNSLBP group was 0.90 (0.26), which was almost double that of controls 0.47 (0.14). The ROC curve identiﬁed an optimal
FER cutoff of ≥ 0.692, for which sensitivity and speciﬁcity were 76.15% (95%conﬁdence interval [CI], 68.14-82.66) and 98.46%
(95%CI, 94.56-99.58). The diagnostic accuracy was 92.1% (95%CI, 88.70-95.54).
Conclusion: The FER derived by lumbar muscle SEMG is able to distinguish patients with CNSLBP from pain-free people with
excellent accuracy. This provides good evidence that a customized FER can be used in various clinical scenarios.
Keywords: Chronic disease; Dlinical utility; Flexion-extension ratio; Low-back pain; Surface electromyography

1. INTRODUCTION

Low-back pain (LBP) has posed great disease and economic
burden worldwide. The lifetime risk of LBP was reported to
be as high as 84%.1,2 Most LBP patients are chronic cases suffering from long-term difficulties in daily function and loss of
quality of life. Despite the high disease burden, the etiology of
LBP in many cases is unclear; thus, the term chronic nonspecific
low-back pain (CNSLBP) was coined.3 The clinical assessment
of CNSLBP remains a big challenge which has been largely ascribed to the unclear etiology and consequently lack of reliable
clinical tools.
Compared with healthy persons, patients with CNSLBP are
characterized by the absence or disruption of the flexion-re*Address correspondence: Dr. Hui-Jun Zhou, Chronic Disease Epidemiology,
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laxation (FR) phenomenon.4,5 The FR phenomenon refers to
electric activities of lumbar muscles during full-trunk bending.
Lumbar muscles initially contract but ultimately relax at what
appears to be a distinct point in the flexion range of motion
(ROM). CNSLBP patients did not show a clear pattern of FR
when bending. Alternatively, FR manifested itself in a more
complex way.6-9 The FR and its variations among CNSLBP
patients are subject to surface electromyography (SEMG) measurement, which is a clinical tool recording electric activities of
lumbar muscles in both static and dynamic postures.10
The muscle activities reflected by SEMG have provided
quantitative and objective measurements of FR. Studies have
shown that SEMG is able to distinguish the FR differences
between CNSLBP and pain-free persons in various clinical scenarios.5,11 Several SEMG ratios have been developed to measure
FR with an attempt to explore and expand the clinical utility of
SEMG in the field of CNSLBP. SEMG-derived FR ratios have
been increasingly used to study CNSLBP. Studies have shown
that SEMG can identify new CNSLBP patients for early treatment.11,12 SEMG ratios correlated very well with other measures
of ROM.8,13 Some SEMG ratios are very sensitive to patient improvement in their function.13 Baseline SEMG values can predict good recovery in certain groups of CNSLBP.8,14 Adding FR
ratios to ROM measures has improved the accuracy of ROM
utility.15
It has been proposed that SEMG holds the promise to be
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great clinical measure for CNSLBP.15 However, current evidence
seems to be insufficient to position SEMG in clinical guidelines.16 Early statements have concluded that SEMG is considered unacceptable as a clinical tool in assessing patients with
LBP;17 However, most SEMG studies may be subject to several
drawbacks in study design and patient recruitment.18 In light of
the growing emphasis on evidence-based medicine, more evidence is needed to support the expanded use of SEMG in clinical practice. As such, we conducted this study as an extension
of our previous study11 to further evaluate the flexion-extension
ratio (FER) with the dual aim of (1) exploring the utility of
SEMG in distinguishing patients with CNSLBP from similar
pain-free persons and (2) providing data of sensitivity and specificity of FER for relevant meta-analysis.
2. METHODS
2.1. Study design

This was a comparative cross-sectional study. We adopted a balanced design by recruiting an equal number of patients for the
CNSLBP and control arms. The sample size was estimated following the published method.19 We used the formula based on
the specificity, which assumed the value of 0.953 from our previous estimate.11 The precision was set at 0.05, and the CI was
set at 95%. With the above parameters, the total sample size
was calculated as 139. To increase the power of this study, we
inflated the sample size to 260, with either arm comprising 130
patients. Participants and examiners were not blinded to the
CNSLBP status. The study was approved by the Institutional
Review Board of the hospital. This work is an investigator-initiated study and was not funded by any institution.
2.2. Eligibility criteria

Conforming to the European Guidelines for the Management
of CNSLBP,16 we defined for this study the following inclusion
criteria for CNSLBP patients: (1) age 20 to 60 years, (2) primary complaint of low back pain without formal diagnosis of
CNSLBP, (3) pain limited to back and lumbar area, (4) pain
lasting cumulatively for 6 months during the past year, and (5)
supine straight leg raise negative. Exclusion criteria were (1)
clinically meaningful deformities (protrusion > 4mm) shown
by computed tomography or magnetic resonance imaging, (2)
history of surgeries of the lumbar and back, (3) pain with clear
reasons, and (4) severe comorbidities such as cardiovascular diseases prohibiting full-trunk flexion.
2.3. Sample recruitment

Patients and controls were recruited in parallel from the Chirotherapy Clinic of GHAR from August 2012 to May 2014.
After recruiting each 10 CNSLBP cases, we invited their colleagues and family to participate as controls. To minimize the
effect of spectrum bias,20 in selecting controls we gave priority
to individuals who had reported pain episodes in the past year
but were ruled out of CNSLBP diagnosis. The control group
was free of pain and limited lumbar flexion at the time of enrollment. Written informed consent was duly obtained for each
participant.
2.4. SEMG measurement and flexion extension ratio

We measured SEMG of the erector spinae muscle between
L2 and L5.12,21 The examination area was carefully prepared
by shaving the hair and erasing superficial corneum. These
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procedures were used to ensure the impedance less than 8KΩ
between any two ipsilateral electrodes. Each subject had three
electrodes i.e., two recording electrodes and one reference electrode, placed on both sides of the lumbar area. On either side,
the two recording electrodes were placed 4cm horizontally from
the middle line at the L4 and L5 level, respectively, while the
reference electrode was placed 4cm further laterally. Electrodes
were disposable Ag-AgCl electrodes filled with solid gel to increase conductivity and with a diameter of 1 cm (H93, Arboltd,
Germany).
Dynamic SEMGs in carrying out a full-trunk flexion were
measured on the day of recruitment. To obtain the best performance of each participant, the examiner briefed each subject
and demonstrated full-trunk flexion before actual measurement.
Time was also allocated for warm-up exercises. Every subject
underwent five trials to capture reliable SEMG signals. A fulltrunk flexion consisted of four phases: standing, flexion, relaxation (maximum voluntary flexion), and extension. The SEMG
readings for each phase were recorded.
2.5. Statistical analysis

The primary outcome in our study was FER, which is the ratio
of the maximum SEMG in flexion to the maximum SEMG
during extension. We also investigated other factors relevant
to development of CNSLBP following the biopsychosocial
model of CNSLBP.2 The characteristics of the sample were
summarized in descriptive statistics and compared between the
LBP and control groups. Two-sample t-tests were performed to
compare the means of continuous variables, and chi-square test
was performed comparing the proportions of each stratum. The
SEMGs and FERs for the LBP and control groups were compared to obtain an overall impression of the SEMG profile. The
FER distributions were presented graphically with their normality checked by one-sample Kolmogorov-Smirnov (K-S) test. The
receiver-operating characteristic curve (ROC) was constructed
to evaluate the extent to which the FER ratio discriminates
between the CNSLBP patients and asymptomatic individuals.
The ROC was also able to identify optimal values of FER where
the diagnostic accuracy of FER was maximized. Sensitivity and
specificity were computed for the identified optimal FER.
3. RESULTS

As shown in Figure 1, participants in the CNSLBP group and
control group were generally comparable. Compared with the
control group, the CNSLBP group had a larger proportion of
active exercisers (p = 0.035), while it also had a larger proportion of people working in a sedentary manner (p = 0.022). Both
groups enrolled people with imaging-detected anatomical abnormalities.
The absolute SEMGs of the two groups were compared in
Figure 2. SEMG seemed sensitive to CNSLBP status as significant differences were observed on each individual SEMG
measure between the two groups. Compared with asymptomatic subjects, patients with CNSLBP had significantly higher
SEMG amplitudes in the position of flexion but lower SEMGs
during extension. Consequently, the mean FERs of patients
with CNSLBP were almost double that of pain-free controls
(0.90 vs 0.47). As theoretically expected, extension SEMG was
bigger than flexion SEMG irrespective of CNSLBP status. But
for the control group, the dSEMG difference between extension
and flexion reached above 30.3μv, which was much higher than
www.ejcma.org
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Fig. 1 Distributions of ﬂexion-extension ratio for the CNSLBP and control groups. The histogram of FERs was constructed and compared head-to-head between the two groups. The CNSLBP group showed a FER distribution with a wider range and bigger mean than the control group.

the maximal difference of 8.7μv for the CNSLBP group.
FER distributions for both the CNSLBP and control groups
followed the normal distribution, with insignificant p values of
the one-sample K-S test (Fig. 1). However, clearly, the FER of
the CNSLBP group shifted toward the higher range compared
with the control group. In addition, the CNSLBP group had a
wide FER distribution ranging from 0.23 to 1.42, whereas the
control group had a range of 0.15 to 0.73.
ROC curve

The ROC curve in Figure 2 identified FER ≥ 0.692 as the optimal cutoff point, at which the sensitivity and specificity of the
FER to distinguish CNSLBP subjects from pain-free controls
were 76.15% (95%CI, 68.14-82.66) and 98.8% (95%CI,
94.56-99.58), respectively. The diagnostic accuracy (area under
curve) was 92.1% (95%CI, 88.70- 95.54), suggesting that FER
was an excellent diagnostic tool according to established stanwww.ejcma.org

dard.22
4. DISCUSSION

Our study evaluated one specific SEMG measure for FR phenomenon and found that FER is able to differentiate new patients with CNSLBP from comparable pain-free people with
excellent accuracy (92.1%).22 The sensitivity and specificity of
FER corresponding to the FER cutoff of 0.692 are considered
satisfactory for the purpose of clinical diagnosis in the outpatient setting. Our results provide good evidence to support the
use of SEMG ratios in clinical practice.
Several studies have evaluated FER in different populations
of LBP with or without comparison to pain-free controls.4,23,24
This study found consistent results with previous studies. LBP
patients tend to have lower absolute SEMG values in reextension, as reported by Shirado et al24; CNSLBP tend to relate patients to higher FER.23 Although the present sample was totally
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Fig. 2 Receiver-operating curve across observed in the ﬂexion-extension ratios. The receiver-operating curve was constructed to examine the diagnostic accuracy of all FERs observed in both the CNSLBP and control group.
Each FER produced a speciﬁc pair of sensitivity and speciﬁcity/1-speciﬁcy
in terms of diagnosing CNSLBP. The FER that achieved the highest Youden
Index (i.e., the highest sensitivity + speciﬁcity) was deﬁned as the optimal
cutoff threshold. Therefore, a FER ≥ 0.692 was identified as the optimal
threshold. The sensitivity and speciﬁcity of FER ≥ 0.692 was 76.15% (95%CI,
68.14-82.66) and 98.46% (95%CI, 94.56-99.58) respectively. The area under the curve representing diagnostic accuracy was 92.1% (95%CI, 88.7095.54), which achieved statistical signiﬁcance.

different from that of our previous study,11 the findings were
similar to the prior results. The changes in cutoff FER (0.680 vs
0.692), sensitivity (78.1% vs 76.15%), and specificity (95.30%
vs 98.46%) all fall below 3.5%. This further substantiates the
clinical utility of FER in CNSLBP management.
The FER seemed to work better in Chinese patients, as the
FER in our sample achieved a sensitivity of 76.15% and a
specificity of 98.46%, which was higher than the previously
reported sensitivity of 74% and specificity of 77% in a western
population.23 Accordingly, the diagnostic accuracy was 92.1%,
which is greater than the 82% previously reported. In our
study, FER also outperformed the best FR ratio identified by
that same study.23 In addition, we found much bigger values for
FER. The CNSLBP group of our sample derived a mean FER
of 0.9, which was twice as much as the 0.44 reported.25 Similarly, the mean FER for our control group was 0.47, which was
almost double that of 0.26 for the western sample.23 Given the
heterogeneity of CNSLBP patients, and many physical as well
as psychological factors involved in pain manifestation, it is understandable that FER performance varies by study population
and research setting.
The between-study variation of FER performance had both
clinical and research implications. For clinical purposes, probably a range of FER rather than a single or fixed value should be
proposed considering real-life clinical complexity. For research
purposes, this may render comparisons of absolute FER across
38

different study populations less informative or meaningful. On
the other hand, the FER pattern when comparing CNSLBP patients with controls was quite consistent. Therefore, the idea of
comparative design in SEMG studies on CNSLBP is reinforced.
As scientific evidence accumulated over time, this may call for
an updated systematic review based on meta-analysis to reevaluate SEMG and give informed recommendations.
Applying the FER in various clinical settings may entail adjustment of the FER threshold. As displayed in Figure 1, the
FER for CNSLBP had a wider distribution, which covered a
big proportion (88%) of healthy controls. The cutoff value of
FER could be set at 0.8 or higher to accurately diagnose a Chinese patient with CNSLBP based on FER alone. For screening
purposes, it is feasible to adjust the FER value downward to increase the sensitivity. The ROC curve (Figure 2) illustrated that
the discrimination ability of the FER is one-directional along
the observed range. As for other clinical purposes, such as evaluating the treatment outcome, different FER values have been
used to make the most of this SEMG measure. At the present
time, there is no golden standard based on FR ratios to confirm
the presence or absence of the FR phenomenon. Further exploration in this regard would make great sense.
SEMG is a noninvasive measurement that can quantify
electrical signals of lumbar muscles in both static and dynamic
posture.10 In essence, SEMG has been proposed as an objective
clinical marker of muscle activity, providing valuable information for clinical judgment. Thus, not surprisingly, SEMG has
gained popularity in the medical community.15 However, there
are still debates about its clinical utility and value of evidence.
Some studies have produced mixed results.26 Shortcomings
of SEMG research and SEMG ratios have been discussed in
reviews.17,27 However, many unsettled issues may be addressed
with a balanced design and rather large sample size. As informed
by this literature, our study was designed as a comparative study
with an equal number of patients in the two arms. The sample
size was inflated to gain sufficient power. Plus, controls were
selected from family members, colleagues, and friends of the
index patient. All of these measures will increase the comparability between the two groups and enhance the validity of our
results.
We acknowledged the limitations of the study when applying our findings in clinical practice. We did not compare the
FER with other FR-related SEMG indices. Thus, we are not in
the position to recommend the FER relative to other SEMG
ratios. However, this may not affect the value of our study for
providing scientific evidence, because FR ratios independently
reflect different aspects of muscle movement.4 We did not correlate FER measures with ROM measures such as lumbopelvic
movement or hip movement. This may weaken the persuasive
power of the results. Because the gold standard for CNSLBP diagnosis has not been established,28,29 our study did not use one.
Although it is common research practice in the field, it may in
itself cause a methodological flaw as a diagnostic study design.
Lastly, participants in the CNSLBP and control group are heterogeneous in our study. This could be a source of instability
when extrapolating the sensitivity and specificity of FER in other specific populations.
In conclusion, our study found that FER derived by SEMG
of the lumbar muscles is able to distinguish patients with
CNSLBP from pain-free individuals with excellent accuracy.
This information about the FER, whether used alone or complementary to other clinical measures, would be valuable in
various clinical scenarios of CNSLBP, such as patient screenwww.ejcma.org
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ing, diagnosis, or assessment of rehabilitation therapy. Therefore, SEMG may serve as an effective and inexpensive tool in
CNSLBP management.
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Abstract
Background: Alzheimer’s Disease (AD) is associated with cognitive decline due to various pathological mechanisms. There are
several acetylcholinesterase inhibitor compounds which can improve cognition, but Huperzine-A is a natural sesquiterpene alkaloid extracted from Chinese herb (Huperzia Serrata) which has rapid action.
Methods: Double blind study was conducted. Participants included 50 patients with AD and 50 healthy individuals. Patients
were recruited from Civil and BV hospital Bahawalpur and Nishter hospital Multan, Pakistan during May 2017 until February
2018 who were stable on Huperzine-A medication. Patients were tested twice. First, at the time of diagnosis to determine baseline scores. Second, post eight weeks of Huperzine-A treatment. Healthy individuals had single testing session. Participants
completed Addenbrooke’s Cognitive Examination and Trail Making Test.
Results: Patients with AD showed cognitive and task switching deﬁcits in contrast with healthy individuals. There was signiﬁcant improvement in cognition and task switching abilities post Huperzine-A treatment compared with baseline performance.
Conclusion: Huperzine-A is effective in reducing cognitive and task switching deﬁcits in patients with AD.
Keywords: Acetylcholinesterase inhibitor; Alzheimer’s disease; Cognition; Huperzine-A

1. INTRODUCTION

Alzheimer’s Disease (AD) is a progressive neurodegenerative
disorder characterized by irreversible brain damage affecting
cognitive, behavioral and emotional functioning of individuals
eventually leading to death due to complete brain failure. There
are 46.8 million people living with AD and dementia around
the world. This number would increase up to 131.5 million
people by the year 2050.1 Initial symptoms include cognitive
decline and memory impairment which extend towards behavioral anomalies as the disease progress.2 Cognitive impairment
involves several pathological mechanisms such as presence of
neurofibrillary tangles and neuritic plaques in frontal, temporal, parietal, occipital lobes and limbic cortex,3 lesions of the
cerebral cortex deteriorating interconnections between corticalsubcortical areas through proteinaceous intraneuron spread,4
atypical immunoreactivity of phosphorylated tau in neocortical
neurons,5 enlarged deposits of positive reactive microglia (HLADR) in substantia nigra and abridged cortical activity of choline
acetyltransferase,6 inclusions of brain alpha-synuclein positive,7 accumulation of iron in neurofibrillary tangles and senile
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plaques contributes in the formation of oxygen radicals and
inducing oxidative stress.8,9 Cognitive impairment in executive
function, language, visuospatial function, episodic and semantic
memory are related with tau pathology (as measured by 18F-AV1451 binding in temporal, fronto-parietal, occipitotemporal
brain regions) and grey matter atrophy (11C-PiB uptake) observed through positron emission tomography.10 Loss of frontal
and parietal synaptic density is considered as a major correlate
of cognitive impairment in AD.11 Number of neurofibrillary
tangles in entorhinal cortex, area 9 and CA1 are predictors of
cognitive impairment.12 Demyelinations of subcortical white
matter and periventricular area are determinants of cognitive
decline in AD.13 Huperzine-A is a natural sesquiterpene alkaloid compound extracted from Huperzia Serrata (Chinese
herb) which acts a reversible acetylcholinesterase (enzyme that
break downs acetylcholine) inhibitor by crossing blood-brain
barriers. Huperzine-A as a dietary supplement is efficacious
in improving cognitive status and activities of daily living in
patients with AD.14 Huperzine-A is an alkaloid with neuroprotective properties. Animal studies have demonstrated that Huperzine-A acts as protective agent countering organophosphate
(OP) intoxication eventually reducing glutamate-induced cell
death.15 Huperzine-A has stronger penetration in blood brain
barrier, prolonged duration of acetylcholinesterase inhibitory
action and greater bioavailability than other cholinesterase inhibitors (donepezil, rivastigmine, and tacrine). Huperzine-A
has cognitive enhancing properties by protecting against several
pathological factors inducing neurodegeneration such as beta-amyloid protein (or peptide), ischemia, hydrogen peroxide,
glutamate, apoptosis and staurosporine-induced cytotoxicity.
As a result, oxidative stress is reduced, expression of apoptotic
proteins (Bcl-2, Bax, P53, caspase-3) gets regulated, protection
www.ejcma.org
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of mitochondria and interference with amyloid precursor protein metabolism occurs, nerve growth factor and its receptors is
up-regulated.16 Pharmacological studies have shown that Huperzine-A goes beyond inhibition of acetylcholinesterase, it can
improve learning and memory deficits both in animal models
and patients with AD.17 Twelve to eight week use of Huperzine-A can improve mental status as assessed through Mini
Mental State Examination.18 Twelve week use of Huperzine-A
significantly improved cognition, behavior, activities of daily
living, and mood in AD patients.19 Task switching is an higher
order executive function which rely on fronto-parietal network.
Research has shown that patients with AD have task switching
deficits. Such deficits cannot be improved with practice in AD
patients.20 These patients were deficient in inhibition, cognitive
flexibility, self-monitoring and attentional control.21,22 However,
there is still a gap in literature to understand whether huperzine-A is efficacious in improving task switching deficits and
major cognitive domains (memory, language, attention/orientation, fluency, visuo-spatial function). It was hypothesized that (i)
Patients with AD would show cognitive and task switching deficits in contrast with healthy individuals (ii) Huperzine-A would
significantly improve cognitive and task switching deficits in
AD patients.
2. METHODS

Fifty patients diagnosed with AD according to DSM-523 at Civil and BV hospital Bahawalpur, and Nishter hospital Multan,
Pakistan during May 2017 until February 2018 participated
in the study. The inclusion criterion for patient group were as
follows: (i) age above 50 (ii) mild/moderate dementia screened
through Mini Mental State Examination-MMSE 13-2424 (iii)
not having depression as screened through Geriatric Depression
Scale score 0-425 (iv) not recommended any steroids, stimulants
and nootropics by the physician (v) not having any concomitant medication (vi) no comorbid conditions. Exclusion criterion were: (i) physical and psychiatric disorder other than AD
(ii) non AD dementia. Fifty healthy individuals took part in
the study. Inclusion criterion were: (i) having normal cognition
MMSE-score 24-3024 (ii) no depression-score 0-925 (Table 1).
No adverse effect of the drug was reported by any patient. Thus,
there was no drop out of patients from the study.
2.1. Trail Making Test (TMT)26

TMT is a two part neuropsychological measure of visual attention (part A) and task switching (part B). In part A, participant
is instructed to connect series of numbers following a sequence
whereas in part B the requirement is to connect an alternating
series of numbers-letters such as 1A2B3C.... Time to perform

the test is recorded (Part A average time 29 s deficient > 78 s;
Part B average time 75 s deficient > 273 s).
2.2. Addenbrooke’s Cognitive Examination (ACE-III)27

ACE-III is a valid and reliable measure to assess cognitive impairment in patients with AD. It is assesses five cognitive domains: visuospatial skills, attention/orientation, verbal fluency,
language, and memory. Cut-off to assess intact cognition is
88/100; higher score shows better cognition.
2.3. Procedure

The study was approved by the board of studies of The Islamia
University of Bahawalpur, Pakistan. Participants and caregivers
of patients gave written informed consent. Healthy individuals
has single testing session whereas patients were assessed twice: (i)
at the time of diagnosis (ii) post-eight weeks medication of Huperzine-A oral dose of 0.2 mg twice a day. Clinical psychologist
who conducted testing sessions and participants were blinded to
the objectives of the study. Testing of measures TMT and ACEIII were completely randomized across participants. In addition,
fundamental skills were assessed through instrumental activities
of daily living scale.28 Participants were debriefed about objectives of the study at the end of testing session and were thanked
for their participation.
3. RESULTS

Statistical analysis was conducted through SPSS (version 20).
Data on demographic variables showed that patients with AD
were not different from healthy individuals on age and socio
economic status. Sample had equal ratio of male and female
(Table 1).
3.1. Baseline scores of patients with AD versus healthy individuals

Repeated measures analysis of variance (ANOVA) on scores
of ACE with factors (AD patients’ baseline versus healthy
individuals; within subject) revealed significant difference of
scores between both subject groups on F (1, 49) = 1607.39, p
< 0.001, 0.97. Patients with AD (79.96 ± 3.38) showed lesser
scores than healthy individuals (98.54 ± 1.31). ANOVA on reaction times (sec) of TMT-A with factors (AD patients’ baseline
versus healthy individuals; within subject) showed significant
difference between AD and healthy individuals F (1, 49) =
7472.41, p < 0.001, 0.99. Patients with AD were slower (110.66
± 6.57) to perform TMT-A than healthy individuals (19.92
± 2.66). Likewise, AD patients (269.62 ± 25.47) were slower
than healthy individuals (75.50 ± 2.90) to perform TMT-B F
(1, 49) = 2730.35, p < 0.001, 0.98. AD patients (1.28 ± 0.78)

Table 1
Characteristics of sample (n = 100).

Age (54–75 years)

AD Group
(n = 50)
Mean ± SD

Control Group
(n = 50)
Mean ± SD

t (df), p

64.36 ± 5.18

63.66 ± 5.75

t (49) = 0.71, p = 0.47

Gender (male: female)

25:25

25:25

Education (11–16 years)

13.02 ± 1.42

12.96 ± 1.32

Disease duration (1–4 years)

t (49) = 0.20, p = 0.84

2.60 ± 1.06

AD = Alzheimer’s disease.
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Table 2

Table 3

Scores of Alzheimer’s disease (AD) patients (baseline & post Huperzine-A treatment) and healthy individuals on Addenbrooke’s
Cognitive Examination (ACE), Trail Making Test (TMT) and Instrumental Activities of Daily Living (IADL).
Scores

Difference of scores between baseline and post Huperzine-A
treatment on Addenbrooke’s Cognitive Examination (ACE) and
Trail Making Test (TMT) of Alzheimer’s Disease (AD) patients (n =
50) with dementia severity.

Mean ± SD

95% Confidence Interval

Mean ± SDa

95% Confidence
Interval

79.96 ± 3.38

78.99–80.92

ACE

87.82 ± 1.32

87.44–88.19

AD patients with mild dementiab

7.32 ± 3.77

5.76–8.87

AD patients with moderate dementiac

8.40 ± 2.92

98.16–98.91

7.19–9.60

91.28 ± 8.79

87.65–94.90

90.20 ± 5.88

87.77–92.62

AD patients with mild dementiab

119.76 ± 22.80

129.17–110.34

AD patients with moderate dementiac

130.76 ± 22.59

140.08–121.43

ACE
AD patients baselinea
AD patients post-treatment

a

b

Healthy individuals

98.54 ± 1.31

TMT-part A

TMT-part A
AD patients baseline

a

110.66 ± 6.57

AD patients post-treatmenta
b

Healthy individuals

67.08 ± 9.57
19.92 ± 2.66

AD patients with mild dementiab

108.79–112.53
64.36–69.80

AD patients with moderate dementia

19.16–20.67

TMT-part B

TMT-part B
AD patients baseline

a

AD patients post-treatment

269.62 ± 25.47
a

262.38–276.86
a

144.36 ± 9.75

141.58–147.13

75.50 ± 2.90

74.67–76.32

AD patients baselinea

1.28 ± 0.78

1.05–1.50

AD patients post-treatmenta

2.48 ± 0.99

2.19–2.76

Healthy individualsb

7.96 ± 0.19

7.90–8.01

b

Healthy individuals

c

Difference of Scores = scores on post-Huperzine Treatment minus baseline scores.
b
Patients with mild dementia (n = 25).
c
Patients with moderate dementia (n = 25).

IADL

a
b

AD patients baseline & AD patients post-treatment n = 50.
Healthy individuals n = 50.

had deteriorated functioning on daily activities in contrast with
healthy individuals (7.96 ± 0.19), F (1, 49) = 3324.96, p < 0.001,
0.98 (Table 2).
3.2. Baseline versus post Huperzine-A treatment scores of
patients with AD

Repeated measures ANOVA on scores of Patients with AD on
ACE with factors (baseline versus post-treatment; within subject) showed post-treatment significant increase in scores (87.82
± 1.32) compared with baseline performance (79.96 ± 3.38), F
(1, 49) = 1927.36, p < 0.001, 0.97. ANOVA within subject factors (baseline versus post-treatment) showed significant decrease
in reaction times post- Huperzine-A treatment of AD patients
(baseline versus post-treatment 110.66 ± 6.57 versus 67.08 ±
9.57), F (1, 49) = 795.64, p < 0.001, 0.94. ANOVA on reaction
times of TMT-B with factors (baseline versus post-treatment)
revealed AD patients performed better post Huperzine A treatment (144.36 ± 9.75) than pretreatment (269.62 ± 25.47), F
(1,49) = 1464.42, p < 0.001, 0.96. Post-treatment (2.48 ± 0.99)
scores showed improved functioning on instrumental daily activities compared with baseline scores (1.28 ± 0.78), F (1, 49) =
147.00, p < 0.001, 0.75 (Table 2).
3.3. Dementia severity and difference of scores between
baseline and post Huperzine-A treatment

One way ANOVA was conducted to see pre and post Huperzine-A treatment differences on scores of ACE and TMT with
dementia severity (mild vs. moderate) as fixed factor. Result
showed that Huperzine-A treatment was equally effective for
mild and moderate dementia groups ACE F (1,49) = 1.27, p
= 0.26, mild (7.32 ± 3.77) moderate (8.40 ± 2.92), TMT-A F
(1,49) = 0.26, p = 0.61, mild (91.28 ± 8.79) moderate (90.20 ±
42

5.88), TMT-B F (1,49) = 2.93, p = 0.09, mild (119.76 ± 22.80)
moderate (130.76 ± 22.59) (Table 3).
4. DISCUSSION

The present study was designed to assess efficacy of Huperzine-A
on cognition and task switching. The study yielded several
important results: (i) patients with AD showed deficient performance in various cognitive domains in contrast with healthy
individuals (ii) AD patients were slower to perform visual attention and switching tasks compared with healthy individuals.
In contrast, healthy individuals showed efficient performance
on both parts of TMT (iii) After eight weeks of Huperzine-A
treatment of AD patients, there was a significant difference
between baseline and post-treatment scores on ACE and TMT.
AD patients showed significant improvement in cognitive domains. Post-treatment reaction times on both parts of TMT
were significantly reduced. Deficient cognitive performance can
be seen in the context of pathological factors involved in AD
onset for instance neurofibrillary tangles and neuritic plaques
in cognition related brain areas (frontal, temporal, parietal
lobes),3,12 lesions of cerebral cortex weakening interconnections
between cortical and subcortical brain regions,4 tau pathology
in neocortical neurons,5 accumulated positive reactive microglia
in substantia nigra and accelerated choline acetyltransferase,6 alpha-synuclein positive deposition,7 oxidative stress,8,9 grey matter atrophy,10 reduced synaptic density in frontal and parietal
lobes,11 demyelination of subcortical white matter and periventricular areas.13 Our findings of improved cognition and task
switching abilities in AD patients post-Huperzine-A treatment
are consistent with previous studies showing improved mental
status post eight weeks of Huperzine-A treatment.18 Longer use
of Huperzine-A, for instance twelve weeks can improve mood,
behavioral problems, activities of daily living and cognition in
AD patients.19 Huperzine-A is a reversible acetylcholinesterase
inhibitor which has neuroprotective characteristics. Animal
model studies demonstrated its’ countering effects on OP intoxication by reducing glutamate induced cell death.15 Other
studies have shown that Huperzine-A improves cognition acting
against cytotoxicity induced by beta-amyloid protein, apoptosis,
www.ejcma.org
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ischemia, staurosporine and hydrogen per oxide. This mechanism reduces oxidative stress, protects mitochondria, interrupts
metabolism of amyloid precursor protein, and regulates apoptotic protein expression, nerve growth factor and its’ related receptors.17 This study has a few limitations. Concerning the slow
progressive nature of AD, six months may be a not long enough
to observe the effects of Huperzine-A medication. It may also
be difficult to differentiate from the placebo effects. Therefore,
further investigation is needed to confirm this preliminary evidence. In conclusion, results of the current study have implications in every day clinical practice. Apart from other cognitive
domains, task switching is an important ability to maintain
daily life functioning. The study highlights that Huperzine-A
is an effective therapeutic treatment to improve such dynamic
human abilities in patients with AD.
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Abstract
Background: To compare the efﬁcacy, safety, and results of Viabahn versus bare-metal stents (BMS) in chronic total occluded
(CTO) long femoropopliteal lesions.
Methods: From April 2009 to August 2014, a total 97 patients (71.2 ± 9.7, 45–90 years old, 70 males) with occluded femoropopliteal lesions underwent Viabahn (55 patients) or BMS (42 patients) implantation. The clinical ﬁndings, procedural factors,
and overall outcomes were collected and analyzed.
Results: The average lesion length was 22.1 ± 4.8 cm in the Viabahn group and 17.8 ± 3.3 cm in the BMS group. Both groups
had a 100% technical success rate. Although there was no difference between the groups in complication, mortality, and major
amputation rates, the Viabahn group had a signiﬁcantly better average post-operative ankle brachial index (ABI) at 1-year and
2-year follow-ups. The Viabahn group also had signiﬁcantly less in-stent restenosis (ISR) and target lesion revascularization (TLR)
compared with the BMS group. Nevertheless, the two groups shared similar 2-year primary patency rates (63.6% vs. 50.0%, p
= .178) and 2-year secondary patency rates (85.5% vs. 81.0%, p = .554).
Conclusion: Both Viabahn and BMS were efﬁcient treatments for long femoropopliteal CTO lesions. However, the Viabahn
group had signiﬁcantly improved results compared with the BMS group in TLR and ISR, but the difference was not sufﬁcient
enough to result in different primary and secondary patency rates.
Keywords: Bare-metal stent; Superﬁcial femoral artery; TASC C and D; Viabahn

1. INTRODUCTION

Peripheral arterial disease (PAD) is the consequence of systemic
vascular disease. It results in functional deterioration, tissue
loss, and even above-ankle amputation. The majority of the
disease derives from superficial femoral artery (SFA) lesions.1
Management of complex Trans-Atlantic Inter-Society Consensus (TASC) C and D lesions is generally performed using
surgical bypass.2 However, almost all of the affected patients
have multiple comorbidities that may be contraindications for
open surgery. Furthermore, if there is no available autologous
venous graft, there will be no extra benefit for long-term patency.3 Therefore, endovascular therapy has increasingly become
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indicated in recent decades. However, the result of simple percutaneous transluminal angioplasty (PTA) for long SFA lesions
remains poor.4,5 BMS proves itself as an efficient treatment in
short lesions,6,7 but because it does not prevent neointimal hyperplasia, the risk for in-stent restenosis (ISR) and stent fracture
remains high in long lesions.8 The introduction of self-expanding polytetrafluoroethylene (ePTFE) covered stent (Viabahn,
W. L. Gore and Associates, Inc, Flagstaff, AZ, USA) has been
proven to provide more optimal results in long SFA stenotic or
occlusive lesions (TASC C and D lesions) and to prevent neointimal growth, although edge stenosis with graft thrombosis has
been observed.4,9 For complicated TASC C and D lesions, the
comparison of Viabahn with BMS is scarce. The previous studies involved lesions of variable length, and most of these studies
combined stenotic lesions and occluded lesions altogether.9-11
Our purpose is to analyze and review the real-world result of
Viabahn and BMS for long (> 15 cm) TASC C and D occluded
lesions.
2. METHODS
2.1. Patient population

From April 2009 to August 2014, a total 97 patients with long (>
15 cm) occluded SFA lesion underwent Viabahn or BMS implantation and were reviewed. Vibahn was not available in our
www.ejcma.org
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institution before October 2011, and thus BMS was the only
device being used before that time. Since then, the use of Viabahn has been prioritized in the treatment of long TASC C and
D lesions. The indications for surgery were symptomatic claudication and critical limb ischemia including resting ischemic
pain and tissue loss. The lesions were de novo SFA occlusions.
Those with dissected lesions who had received previous intervention or bypass surgery were excluded. The data of patient
characteristics, medical history, clinical status, demographics,
and follow-up results were retrieved retrospectively from the
medical charts and our Institutional Review Board approved
this retrospective study.
2.2. Intervention

Vascular surgeons carried out all interventions. Arterial access
was established via retrograde puncture from the contralateral
femoral artery. A crossover long sheath (Flexor® Guiding sheath,
COOK medical Inc., Bloomington) was set up before performing the subsequent procedure on the target lesion at the SFA.
Iliac artery stenosis greater than 50% was managed by balloon
dilatation and iliac stent deployment in advance. The antegrade
route was given first priority while attempting to cannulate
through the lesion. If failed, the retrograde route would be set
up distally from the lesion via the SFA, popliteal artery, or one
of the below-the-knee (BTK) arteries. As the lesion was crossed,
stepwise management of predilation, stent deployment from
distal to proximal, and postdilation were accomplished. Balloon
dilation across the margin of implanted Viabahn was always
avoided to prevent possible future edge stenosis. If more than
one stent was required, the second stent would overlap with
the previous stent for at least 10 mm. Viabahn was used for the
covered stent group, and Life-Stent (BARD Peripheral Vascular,
Inc., Tempe, Arizona), EverFlex Stent (ev3 Inc., Polymouth,
Minnesota), and Zilver Flex (COOK Medical Inc., Bloomington) were used for the BMS group. The use of BMS was in accordance to the preferences of the surgeons. If there were other
lesions at the BTK arteries, balloon angioplasty was performed,
as well. Technical success was defined as the success of BMS or
covered stent deployment to the target SFA lesion with residual
stenosis less than 30%.
2.3. Medication

Clopidogrel (75 mg) was prescribed for all patients without
contraindications. For those who had not received clopidogrel
before, 150 mg was loaded with the maintenance dosage of 75
mg every day. Clopidogrel therapy was maintained for at least
12 months.
2.4. Follow-up

Symptoms were evaluated every 6 months after the operation
and lower limb computed tomography angiography (CTA)
and ankle brachial index (ABI) value were recorded every 12
months. Diagnostic angiography was performed if the value of
ABI dropped substantially, follow-up CTA revealed restenosis
greater than 50%, symptoms of vascular claudication recurred,
or gangrene or ulcer developed. Angioplasty was carried out for
ISR, edge stenosis, or de novo lesion with stenosis more than
50%.
The primary and secondary patency rates were obtained. Loss
of primary patency was defined as CTA results or angiographic
evidence of restenosis greater than 50% or occlusion and target
lesion revascularization (TLR). Loss of secondary patency was
www.ejcma.org
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the first occurrence of angiography demonstrating total occlusion with failure of interventional revascularization.
The adverse events collected included myocardial infarction,
stroke, acute renal insufficiency, and procedural site complications needing surgical intervention.
2.5. Statistical analyses

The discrete variables were expressed as frequencies and percentages and chi-square test was used for analysis. The continuous
variables were expressed as means ± standard deviation and
range and Student’s t-test was used for comparison. A probability value of less than 0.05 (two sides) was considered significant. Time to TLR was recorded over 2 years of follow-up and
were presented using Kaplan–Meier plots. Differences between
groups were describes as hazard ratios (HR) computed from the
log-rank statistic. A 95% confidence interval (CI) for the HR
was presented to describe the range of different groups affecting
the outcome. All statistical analyses were performed with SPSS
22.0 software (SPSS Inc, Chicago, IL, USA).
3. RESULTS

A total 97 patients were enrolled. The BMS group had 42 patients (32 male, 76.2%, 69.6 ± 11.4 years old), whereas the
Viabahn group had 55 patients (38 male, 69.1%, 72.5 ± 8.0
years old). The demographics and past medial history (Table
1) revealed the Viabahn group had a significantly higher incidence of hypertension (45.2%/65.5%, p = .046), smoking
(45.2%/65.5%, p = .046), and hyperlipidemia (26.2%/47.3%,
p = .034). All patients had symptomatic claudication or resting pain (Rutherford category ≥ 3), whereas most patients
met the definition of critical limb ischemia (Rutherford category ≥ 4), and more than half of the patients had tissue loss
(50.0%/54.5%). Overall, the Viabahn group had more advanced clinical staging according to the Rutherford classification (p = .014). All patients experienced symptom relief during
the follow-up and Rutherford classifications improved in at least
one category.
There were no short lesions in this study. The anatomical and
intervention characteristics (Table 2) revealed all lesions were
greater than 15 cm. The Viabahn group had significantly longer
lesions compared with the BMS group (17.8 ± 3.3 cm vs. 22.1
± 4.8cm, p < .001). There was also a significantly higher number of stents deployed in the Viabahn group compared with
the BMS group (1.4 ± 0.5 vs. 2.2 ± 0.4, p < .001). All patients
underwent a successful operation. Among them, 38 patients
(42.9% vs. 36.4%) had concomitant iliac artery stenosis that
required stenting. In order to achieve re-entry into the true
lumen, both groups had about a quarter of patients (28.6%
vs. 25.5%, p = .731) who needed retrograde puncture. All patients had at least one patent distal runoff and the number did
not have significant differences between the two groups (1.9 ±
0.5/1.8 ± 0.5, p = .643). Most patients also demanded BTK intervention to create better distal circulation (90.5% vs. 87.3%,
p = .622).
Both groups shared similar outcomes (Table 3). The follow-up time was 17.3 ± 7.9 months for the BMS group and
18.3 ± 8.8 months for the Viabahn group (p = 0.565). The two
groups had a similar complication rate (19.0% vs. 14.5%, p
= .554) and incidence of death (23.8% vs. 14.5%, p = .245).
Complications included puncture site hematoma (n = 4 in Viabahn group and n = 2 in BMS group, all resolved by prolonged
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Table 1
Demographics and past medical history

Age (years)

Bare Metal Stent (N = 42)

Viabahn (N = 55)

69.6 ± 11.4 (45-90)

72.5 ± 8.0 (49-90)

p
0.143

Male

32 (76.2%)

M: 38 (69.1%)

0.440

Smoking

19 (45.2%)

36 (65.5%)

0.046

Hypertension

19 (45.2%)

36 (65.5%)

0.046

Diabetes

33 (78.6%)

43 (78.2%)

0.963

Hyperlipidemia

11 (26.2%)

26 (47.3%)

0.034

Carotid stenosis >75%

12 (28.6%)

25 (45.5%)

0.090

COPD

13 (31.0%)

14 (25.5%)

0.549

7 (16.7%)

13 (23.6%)

0.401

Old CVA
CAD

19 (45.2%)

29 (52.7%)

0.465

Hemodialysis

13 (31.0%)

20 (36.4%)

0.577

Gastric ulcer

6 (14.3%)

8 (14.5%)

0.971

Baseline ABI

0.55 ± 0.12 (0.21-0.72)

0.51 ± 0.12 (0.19-0.70)

Rutherford category

0.125
0.014

3

0 (0.0%)

8 (14.5%)

4

21 (50%)

17 (30.9%)

5

12 (28.6%)

23 (41.8%)

6

9 (21.4%)

7 (12.7%)

Values are mean ± SD (range) for continuous measures and n (%) for categorical variables.
COPD = Chronic obstructive pulmonary disease; CVA = Cerebrovascular attack; CAD = Coronary artery disease; ABI = Ankle brachial index

Table 2
Lesion, anatomic, and interventional characteristics

Lesion length (cm)
Crossover
Retrograde

p

Bare metal stent (N = 42)

Viabahn (N = 55)

17.8 ± 3.3 (15-28)

22.1 ± 4.8 (15-32)

42 (100.0%)

55 (100.0%)

1.000

< 0.001

12 (28.6%)

14 (25.5%)

0.731

58.2 ± 17.9 (30-104)

52.1 ± 20.3 (24-98)

0.128

5mm

0 (0.0%)

3 (5.5%)

6mm

38 (90.5%)

52 (94.5%)

Contrast amount (ml)
Size of stent (mm)

7mm

0.023

4 (9.5%)

0 (0.0%)

Number of stent

1.4 ± 0.5

2.2 ± 0.4

1 stent

27 (64.3%)

2 (3.6%)

2 stents

15 (35.7%)

43 (78.2%)

3 stents

< 0.001

0 (0.0%)

10 (18.2%)

Technical success

42 (100.0%)

55 (100.0%)

1.000

Number of distal runoff

1.9 ± 0.5

1.8 ± 0.5

0.643

1 vessel

9 (21.4%)

15 (27.3%)

2 vessel

28 (66.7%)

36 (65.5%)

3 vessel

5 (11.9%)

4 (7.3%)

BTK intervention

38 (90.5%)

48 (87.3%)

0.622

Iliac stenting

18 (42.9%)

20 (36.4%)

0.516

BTK = Below the knee
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Table 3
Outcomes and follow-up
Bare metal stent (N = 42)
Complication

Viabahn (N = 55)

p

8 (19.0%)

8 (14.5%)

0.554

10 (23.8%)

8 (14.5%)

0.245

PAD related death

5 (11.9%)

4 (7.3%)

0.436

Major amputation

3 (7.1%)

4 (7.3%)

0.980

Acute myocardial infarction

5 (11.9%)

5 (9.1%)

0.652

Stroke

1 (2.4%)

2 (3.6%)

0.723

New hemodialysiss

2 (4.8%)

2 (3.6%)

0.782

Death

Stent fracture
ISR
TLR

4 (9.5%)

2 (3.6%)

0.233

18 (42.9%)

10 (18.2%)

0.008

21 (50.0%)

12 (21.8%)

0.004

ABI 12 month

0.91 ± 0.13 (0.44-1.14)

0.98 ± 0.08 (0.79-1.21)

0.006

ABI 24 month

0.93 ± 0.11 (0.57-1.19)

0.98 ± 0.06 (0.86-1.11)

0.007

17.3 ± 7.9 (2-24)

18.3 ± 8.8 (0-24)

0.565

28 (66.7%)

44 (80.0%)

0.137

Follow-up time (month)
1-year primary patency rate
2-year primary patency rate

21 (50.0%)

35 (63.6%)

0.178

1-year secondary patency rate

36 (85.7%)

47 (85.5%)

0.971

2-year secondary patency rate

34 (81.0%)

47 (85.5%)

0.554

PAD = Peripheral arterial disease; ISR In-stent restenosis; TLR = Target lesion revascularization; ABI = Ankle-brachial index

local compression), pseudo-aneurysm formation (n = 2 in Viabahn group and resolved by open repair), distal embolism (n
= 1 in Viabahn group and n = 3 in BMS group, all resolved by
urokinase infusion), unexpected femoral artery cutdown (n = 1
in BMS group, broken wire was removed by femoral artery cutdown), and SFA or BTK branch rupture (contrast extravasation,
n = 1 in Viabahn group and n = 2 in BMS group, all resolved by
balloon-assisted hemostasis). Both groups had no surgical mortality. The two groups also did not have significant differences
in the adverse effects that were recorded. Both groups had similar ABI values before the intervention (0.55 ± 0.12 vs. 0.51 ±
0.12, p = .125), but the Viabahn group had significantly higher
ABI values at 1-year (0.91 ± 0.13 vs. 0.98 ± 0.08, p = .006) and
2-year follow-ups (0.93 ± 0.11 vs. 0.98 ± 0.06, p = .007).
The BMS group had significantly more episodes of ISR compared to the Viabahn group (42.9% vs. 18.2%, p = .008), and
the frequency of TLR was therefore much higher in the BMS
group than in the Viabahn group (50.0% vs. 21.8%, p = .004).
However, this did not lead to significant differences in 1-year
primary patency rate (66.7% vs. 80%, p = .137), 1-year secondary patency rate (85.7% vs. 85.5%, p = .971), 2-year primary
patency rate (50% vs. 63.6%, p = .178), and 2-year secondary
patency rate (81.0% vs. 85.5%, p = .554).
The Kaplan–Meier estimate of freedom from initial TLR (Fig.
1) showed the difference between the two groups. TLR was
59% lower in the Viabahn group than in the BMS group at 2
years (HR 0.41, 95% CI 0.20–0.83, p = 0.013).
4. DISCUSSION

Our study reflected a real-world daily interventional practice
of managing complicated TASC C and D SFA lesions. The
patients involved were considered to be high risk with many
comorbidities. Almost 80% of enrolled patients had diabetes,
which is associated with restenosis.12 All lesions were long CTO
www.ejcma.org

lesions, about half patients had coronary artery disease (CAD),
one-third of patients were under hemodialysis, and half of patients had tissue loss. More than 90% of patients met the criteria of critical limb ischemia (CLI), which has been described to
have a 1-year mortality rate of up to 30%.13-15
Among previous studies comparing Viabahn and BMS,9-11
the percentage of CTO lesions was 56–70%, 22–25% of patients had CAD, 35–44% had diabetes, and 14–19% had tissue
loss. This study had the most complex composition, but with a
similar major amputation rate (7.1% vs. 7.3%), 2-year primary
patency rate (50% vs. 63.6%), and 2-year secondary patency
rate (81.0% vs. 85.5%) compared with previous studies.
BMS did not prevent neointimal hyperplasia, and the risk of
ISR increased with lesion length.9 By contrast, covered stents
precluded the occurrence of neointimal tissue ingrowth.8 This
study also demonstrated the Viabahn group had significantly
less ISR (43.9% vs. 18.2%, p = 0.008). Less TLR was also observed in the Viabahn group (50.0% vs. 21.8%, p = 0.004), and
there was a trend of more optimal but not significant primary
patency rates compared with the BMS group.
In the VIASTAR trial,9,11 the 2-year primary patency rate
between Viabahn and BMS was 63.1% and 42.1% (p = 0.004).
Additionally, several other studies also concluded Viabahn had
an improved primary patency rate.16,17 However, this study
did not produce the same significant results. Several possible
factors might have contributed to this. The patient population
and basic characteristics between the groups in this study were
different. The patients in the Viabahn group had more severe
comorbidities that were also more complicated. The Vibahn
group also had poorer preoperative clinical staging and considerably longer lesions. In addition, the sample size was small in
this study. All of these factors were a bias that might cause nonsignificant differences in primary patency rate.
Whether or not the primary patency rate was significant, all
studies came to the same conclusion: There was no difference
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Fig. 1 Time to free from target lesion revascularization up to 24 months. HR .41, 95% CI 0.20-0.83, p = .013

in secondary patency rate regardless of BMS, Viabahn stent
graft, or prosthetic bypass.9-11,17-19 This study also had the same
findings, and even with a high-risk population, the results of
secondary patency rate was considerable at 81–85% at 2-year
follow-up. This study reassured the efficacy of endovascular
treatment for high-risk patients with multiple comorbidities.
Although the majority of restenosis in Viabahn was due to
edge stenosis or graft thrombosis,9 none of the TLR in this
study presented as acute limb ischemia. While applying Viabahn, one major concern was the coverage of collateral branches
may result in potential worsening of outcomes.20 Despite the
fact that the impact was not clear, covering distal collaterals in
downstream reconstituted segments may increase the risk of
subsequent thrombosis.21 However, for occlusive disease, using
Viabahn did not seem to correlate with adverse outcomes and
clinical deterioration.11,20 Because all lesions were long CTO in
this study, it is possible there were no side branches residing in
them. As a result, the application of Viabahn to CTO lesions
was efficient and safe, but it needs additional investigation to
confirm whether the finding was still true for other stenotic lesions.
In this study, CTA was utilized to follow the occurrence of
restenosis, whereas most other studies used Doppler ultrasound
(DUS). Although DUS is considered the first-line instrument
for follow-up, CTA has the benefits of fast, reproducible, and
48

highly reliable images. Most importantly, CTA and DUS
showed excellent agreement for evaluation of ISR of SFA obstruction.22 As a result, using CTA as a follow-up method was
regarded non-inferior to the DUS method, and it would not
affect the result of the findings.
Nonheparin-bonded Viabahn was utilized in this study.
Most of the recent studies, including the VIPER study and
the VIASTAR study, used heparin-bonded Viabahn exclusively.9,11,18,23 Other studies combined the use of heparin-bonded
and nonheparin-bonded Viabahn.10,16 However, a recent study
concluded heparin-bonded Viabahn did not outperform the
original stent.16 By contrast, the outcome of 2-year primary and
secondary patency rates of this study also showed noninferior
results compared with those of the other studies. However, the
effect and benefit of heparin-bonded Viabahn still needs intense
evaluation and comparison.
There were some limitations in our study. This was a single-center, retrospective study with a relatively small number
of cases. There were some differences in the underlying clinical
characteristics between the groups, which might be derived
from selection bias. The time interval of the enrolled patients
was long and the improvement of clinical skills, devices, and
learning curve could affect the results. The follow-up evaluation
was symptom and image oriented and did not include a quality
of life assessment.
www.ejcma.org
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In conclusion, our study demonstrated that both Viabahn
and BMS were both viable alternatives for long femoropopliteal
CTO lesions. The two stents had had similar efficacy and safety
results. The Viabahn group had higher follow-up ABI values,
lower ISR, and less TLR compared with the BMS group in the
2-year follow-up, but there was no difference in primary and
secondary patency rates between the two groups.
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Correlation between lower uterine wall thickness
measured by transabdominal ultrasonography and
cervical length measured by transvaginal ultrasonography in Thai pregnant women
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Mahidol University, Bangkok, Thailand

Abstract
Background: Preterm labor is one of major obstetric challenges and can be predicted by cervical length at mid-trimester. In
some settings, transvaginal ultrasound is not available and the screening and prevention of preterm labor will be suboptimal. We
hope to ﬁnd a correlation between other marker i.e. lower uterine wall thickness measured by transabdominal ultrasonography
and cervical length measured by transvaginal ultrasonography in Thai pregnant women during 16–32 weeks of gestation.
Methods: This study was a cross-sectional study. 166 singleton pregnant women were invited to participate in the study between June 2015 and December 2015. Transabdominal ultrasonography was performed to measure the lower uterine wall
thickness and transvaginal ultrasonography was performed to measure the cervical length. The Spearman’s rank correlation
was used to evaluate the correlation between the two parameters. The inter-observer variation was assessed by using Bland–
Altman plot. The outcomes of all pregnancies were followed and only those who delivered at term were included for the calculation of normal value of lower uterine wall thickness.
Results: There was a highly positive correlation between lower uterine wall thickness and cervical length (rs = 0.767, n = 166,
p < 0.001). For those who had short cervical length (deﬁned as less than 30 mm) at GA 16–24 weeks (n = 10), the mean corresponding lower uterine wall thickness was 4.4 mm (SD 0.50). The inter-observer variation of the measurement of lower uterine
wall thickness and cervical length were small. The lower uterine wall thickness tended to be slightly thinner when the gestation
advanced. (mean 5.4 mm at 16–20 weeks and 5.1 mm at 28–32 weeks).
Conclusion: There was a highly positive correlation between lower uterine wall thickness measured by transabdominal ultrasonography and cervical length measured by transvaginal ultrasonography in Thai pregnant women.
Keywords: Cervical length; Lower uterine wall thickness; Preterm labor

1. INTRODUCTION

Preterm birth is defined as delivery before 37 completed weeks
of gestation and is associated with increased risk of neonatal
morbidities and mortality. Every year, approximately 15 million babies are born prematurely and this number continues to
rise.1 Although many preterm births occurred without any risk
factors, previous studies2-5 showed that history of prior preterm
birth and short cervical length (CL) are the strongest predictors
of this condition. Many guidelines and recommendations6-11
have been issued regarding the universal screening of cervical
length in all singleton pregnancies and preventive therapy with
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progesterone is recommended when the short CL is identified.
Transvaginal ultrasound is a gold standard for cervical length
measurement and can be performed in most obstetric offices.
However, in some resource-restricted settings where transvaginal
ultrasound is not available the screening and preventive strategies of preterm labor would inevitably be suboptimal.
The pathways of preterm labor are different from those of
term labor in terms of cascades of prostaglandins production,
cervical ripening and uterine contractions.12 Short CL is the
result of the changes in cervical connective tissue either at term
or prematurely. Lower uterine wall lies closely to the cervix and
we hypothesized that the changes that originated in the cervix
could possibly involve the adjacent lower uterine wall as well.
The lower uterine wall can be measured precisely using transabdominal ultrasound which is readily available in almost all
clinical settings. We aimed to study the normal value of lower
uterine wall thickness and the correlation between the lower
uterine wall thickness and cervical length with the hope to find
a surrogate marker of a short CL in order to overcome the obstacle mentioned above.
2. METHODS

We conducted a cross-sectional study from June to December
www.ejcma.org
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2015. Thai pregnant women without any risk factors of preterm
labor eg. previous preterm birth, previous cervical surgery, uterine anomaly etc., with gestational age between 16 and 32 weeks
who booked for antenatal care at Siriraj Hospital were invited to
participate in the study. The exclusion criteria were multi-fetal
pregnancy, previous uterine or cervical scar, age <18 years old,
fetal anomaly and existing medical disorders.
The study protocol was approved by the institutional ethical
committee and all participants provided their written informed
consents before enrolling into the study. The investigators were
trained for the precise measurement of lower uterine wall thickness and cervical length before the beginning of the study. The
lower uterine wall thickness was carefully measured by the first
author (W.W.) using 5 MHz transabdominal ultrasound probe
attached to Voluzon E8 ultrasound platform (General Electric,
Zipf, Austria). After voiding, the participants lay on the couch
and the ultrasound probe was placed in sagittal plane just above
the pubic symphysis. The picture of a deflated urinary bladder,
sagittal plane of the cervix and the lower uterine wall could
be obtained. The picture was enlarged until the lower uterine
wall and the cervix fitted the borders of the screen. The lower
uterine wall at the same horizontal plane with the dome of the
urinary bladder was selected for measurement (Fig. 1). The first
caliper was placed just beneath the peritoneum that covered
the lower uterine wall and the other was placed at the interface
between amniotic fluid and the deciduas. Care was taken not
to include the surrounding tissues into the measurement. The
measurement was performed 3 times and the thinnest value was
used for analysis. For cervical length measurement we followed
the instruction of ISUOG 2015.13 The transvaginal probe of
the same ultrasound machine was introduced in the anterior
fornix of the vagina without exerting undue pressure on the
cervix. The length from internal os to external os was measured
in linear fashion for 3 times and the shortest value was used for
analysis (Fig. 2).
Demographic data, obstetric history, lower uterine wall
thickness and cervical length were recorded for statistical analysis. The outcomes of the pregnancies were followed and all the
data were recorded for later analysis. We randomly selected 45
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participants for the assessment of the inter-observer variation of
measurement of lower uterine wall thickness and cervical length
between the first author (W.W.) and the second author (P.W.).
Both investigators were blinded from the results of the measurement of the other.
2.1. Statistical analysis

The data were prepared and analyzed using PASW statistics
18.0 (SPSS Inc., Chicago, IL, USA). Continuous variables
were expressed as mean and standard deviation (SD) or median
and range as appropriate. Number and percentage were used
for categorical data. Categorical variables were compared using
Chi-square test. Spearman’s rank correlation was used for the
assessment of the correlation between lower uterine wall thickness and CL. Bland–Altman plot was used to demonstrate the
inter-observer variation in the measurements of lower uterine
wall thickness and CL. All tests of significance were two tailed
and p value < 0.05 was considered significant.
3. RESULTS

During the study period 166 pregnant women met the inclusion criteria and agreed to participate in the study. Pregnancy
outcomes were available in 154 cases. Demographic data and
obstetric history are shown in Table 1. Short CL (<30 mm) at
16–24 weeks were found in 10 women (6.0%) and preterm
birth rate in this study was 6.49%.
The mean of lower uterine wall thickness at 16–20 weeks,
20+1–24 weeks, 24+1–28 weeks and 28+1–32 weeks were 5.42 ±
0.89 mm, 5.5 ± 1.33 mm, 5.35 ± 1.25 mm, and 5.10 ± 1.21
mm respectively (Table 2).
There was a highly positive correlation between lower uterine wall thickness and CL (rs = 0.767, n = 166, p < 0.001) as
demonstrated in Fig. 3.
In the short CL group, the mean and median of lower uterine wall thickness was 4.4 mm (SD 0.5) and 4.2 mm (3.6–5.5)
respectively.
The reliability of the measurement of lower uterine wall
thickness and CL between 2 operators was high as demonstrat-

Fig. 1 The techniques of lower uterine wall thickness measurement (a) The ultrasound probe was placed in sagittal plane just above the pubic symphysis. The
picture of the deﬂated urinary bladder dome (index), sagittal plane of the cervix (dashed arrow) and the lower uterine wall could be obtained. (b) The picture
was enlarged until the lower uterine wall ﬁts the borders of the screen. The lower uterine wall that was in the same horizontal level with the dome of urinary
bladder (index) was measured by placing the ﬁrst caliper just beneath the peritoneum and the other at the interface between amniotic ﬂuid and the deciduas.
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4. DISCUSSION

Our study aimed to assess the correlation between lower uterine
wall thickness measured by transabdominal ultrasonography
and CL measured by transvaginal ultrasonography in singleton pregnancies who had no risk factors of preterm labor. Our
study showed the mean thickness of lower uterine wall during
16–32 weeks of gestation was only slightly thinner with time

Lower uterine wall thickness (mm)

ed by Bland–Altman plot (Figs. 4 and 5) (mean difference was
0.014 mm for the measurement of lower uterine wall thickness
and 0.06 mm for CL measurement and almost all of the measurements fell in limits of agreement). The line of equality was
within 95% confidence interval of the mean difference. Also,
a one-sample t-test of bias revealed non-significant bias for the
two operators.

12.0

rs = 0.767, n = 166, P < 0.001
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Fig. 3 The correlation between lower uterine wall thickness measured by
transabdominal ultrasonography and cervical length (CL) measured by transvaginal ultrasonography.

Fig. 2 The technique of cervical length measurement.

Table 1
Characteristics of the participants.
Group 1
16–20

Gestational age (weeks)

Group 2
20+1-24

Group 3
24+1-28

Group 4
28+1-32

n (total = 166)

41 (24.7%)

43 (25.9%)

40 (24.1%)

42 (25.3%)

Age (years)

27 (18–40)

28 (18–40)

28 (18–42)

28 (18–37)

p

0.393ns

(range)
0.944ns

Pregnancy outcome
Term (n = 144)

35 (94.6%)

Preterm (n = 10)
Nulliparous
BMI (kg/m2)

40 (93%)

33 (91.7%)

2 (5.4%)

3 (7%)

22 (53.7%)

20 (45.6%)

19.88 (15.62–35.38)

36 (94.7%)

3 (8.3%)

21.78 (16.23–34.89)

2 (5.3%)

20 (50%)
21.18 (17.21–33.33)

0.900ns

18 (42.9%)
21.16 (15.56–31.75)

0.063ns

ns = non-statistical signiﬁcant.

Table 2
Normal value of lower uterine wall thickness in Thai pregnant women.
GA (weeks)

Thickness (mm)
Mean ± SD

Thickness (mm)
Median
(min–max)

Percentile
5

10

50

90

95

16–20

5.42 ± 0.89

5.5 (3.6–7.5)

3.68

4.16

5.50

6.48

6.78

+1

20 -24

5.50 ± 1.33

5.5 (3.7–11.0)

3.90

3.93

5.50

6.62

9.08

24+1-28

5.35 ± 1.25

5.1 (3.6–8.8)

3.74

3.84

5.10

7.57

8.03

+1

5.10 ± 1.21

4.9 (3.3–10.2)

3.64

3.80

4.90

6.14

7.57

28 -32
GA = gestational age.
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Fig. 4 Bland–Altman plot of lower uterine wall thickness measurement variation.

Fig. 5 Bland–Altman plot of cervical length measurement variation.

(5.4 mm at 16–20 weeks and 5.1 mm at 28–32 weeks). The
thinning process is thought to be a physiological change of the
uterine wall that has been stretched little by little by the growing gestational products. However, it’s possible that differentiation of myometrial cells, progesterone, expression of genes that
control contractile activity of the uterus and other mechanisms
act in concert to maintain the uterine quiescence of the uterus
and preclude overstretching of the uterine wall.14 We found a
highly positive correlation between lower uterine wall thickness
and CL at 16–32 weeks of gestation (rs = 0.767). Although we
do not see the exact mechanisms to explain our finding, we
believe that it’s reasonable to imply that when the cervix is long
the lower uterine wall would be thick, and when the cervix gets
shorter the lower uterine wall would change in the same direction i.e. thinner. We hope that this could be the preliminary
step of finding a surrogate marker of short CL for prediction of
pregnant women at risk of preterm labor in the settings where
transvaginal ultrasonography is not available. In this study we
found 10 participants whose cervices at 16–24 weeks were
shorter than 30 mm. The mean and median of lower uterine
wall thickness of these participants were 4.2 and 4.4 mm which
were close to the 10th percentile value of lower uterine wall
thickness at 16–20 and 20+1–24 weeks (4.16 and 3.93 mm respectively). We believe that the results of our study support the
hypothesis that the processes that shorten the cervix involve the
lower segment of the uterus as well. However, whether the lower uterine wall thickness could be used as a substitution of CL
measurement in order to predict population at risk of preterm
labor needs to be investigated. The lower uterine wall thickness
of 4.20 mm is also not appropriate to be used as a cutoff due
to the small number of sample size. Further studies might shed
some light on the exact mechanisms and proper cutoff.
We chose 30 mm as a cutoff of short CL for Thai pregnant
women because there was a study that showed ethnic variation
of this biological marker.15 In that study, Thai women’s cervices
were a little longer than those of western population and were
concordant with other studies from Asian countries.16-18
The lower uterine wall thickness can be distinctly demonstrated by transabdominal ultrasonography. Because the consensus or standard guideline regarding measurement of the lower

uterine wall thickness does not exist, we improvised the techniques from the previous study.19 We did not choose the full
bladder technique because of the variation in sense of full bladder among individuals which could lead to different bladder
volume and different point of measurement. Moreover, holding
urine for a long time in pregnant women is not advised due to
the risk of urinary tract infection. We chose the self-emptying
technique instead of indwelling the catheter technique because
it was less invasive and more practical. From our experiences,
the lower uterine wall thickness measurement in pregnant women after emptying their bladder is feasible and highly reproducible. One obstacle that precluded the precise measurement was
the less clear pictures that resulted from the thick abdominal
wall of obese or high BMI participants. We believed that the
measurement technique used in this study was easy to follow,
required minimal training and was feasible in almost all obstetric settings. However, the erroneous variation in measuring of
small objects exists and could lead to a different interpretation.
Thus, consensus on the measurement techniques, the clarity of
the pictures and careful measurement are crucial for successful
outcomes.
The incidence of preterm birth in our study was lower than
previously reported because we excluded the population at risk
of preterm labor from the beginning. The actual rate of preterm
birth in our center has been around 12–13%.
The strength of our study was the preliminary study about
the correlation of lower uterine wall thickness and CL in singleton pregnancies and the promising result. However, the strength
was lessened by the small number of cases with short CL which
made the cutoff less reliable. We believe that the effective prevention of preterm birth is a very hard work and requires collaborations from every level of maternal health care providers. We
hope that the results of our study would encourage investigators
to study more to bring about the clearer insights about preterm
labor and better preventive strategies in the future.
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Abstract
Background: Hyperkalemia is a risky and potentially life-threatening condition in pre-term infants. Glucose-insulin infusion has
been considered a major therapeutic way for non-oligouric hyperkalemia but affects the stability of blood sugar level. We aimed
to evaluate the effectiveness of salbutamol nebulization compared to glucose-insulin infusion for the treatment of non-oliguric
hyperkalemia in premature infants.
Methods: Forty premature infants (gestation age ≤36 weeks) with non-oliguric hyperkalemia (central serum potassium level
greater than 6.0 mmol/L) within 72 h of birth were enrolled in this study. These infants were randomly assigned into two groups.
One group received a regular insulin bolus with glucose infusion (Group A; n = 20), and the other received salbutamol (Ventolin®)
by nebulization (Group B; n = 20). Potassium level, blood sugar, heart rate, and blood pressure were recorded for each group
before treatment and at 3, 12, 24, 48, and 72 h posttreatment.
Results: The serum potassium levels were reduced after treatment in both groups. No signiﬁcant changes in heart rate or blood
pressure were observed in either group. The ﬂuctuation in glucose levels was gentler in the salbutamol-treated group than in the
glucose-insulin infusion group.
Conclusion: Salbutamol nebulization is not only as effective as glucose-insulin infusion for treating non-oliguric hyperkalemia in
premature infants but can avoid potential side effects such as vigorous blood glucose ﬂuctuations.
Keywords: Blood sugar; Hyperkalemia; Nebulizers usage; Premature infant; Salbutamol

1. INTRODUCTION

Hyperkalemia is a risky and potentially life-threatening condition, especially when it occurs in infants born prematurely. In
premature infants, serumpotassiumusually reaches a peak at 24
h of age and returns to normal by 72 h.1,2 Non-oliguric hyperkalemia in neonates is defined as a serumpotassiumlevel greater
than 6.0 mmol/L and is more commonly observed in extremely
low birthweight (ELBW) infants2-4 or in pre-term infants even
with normal renal function for their age. Although the pathophysiology is not completely understood, it seems to be related
to immaturity in regulating the internal distribution of potassium.5 Hyperkalaemia in the neonate may occur as a result of
increased potassium intake, decreased renal excretion, a shift
of potassium from the intracellular to extracellular space, or
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medications. For instance, a digoxin overdose and β2 adrenergic
blockers can induce hyperkalemia by inhibiting Na+-K+ adenosine triphosphatase (Na+-K+ ATPase).6 Arecent study reported
that non-oliguric hyperkalemia in premature infants can be
caused by severe birth asphyxia and thereby contribute to extensive periventricular white matter injury.7 Futhermore, persistent
hyperkalemia in infants is a medical emergency that may also
lead to complications such as cardiac arrhythmia, intraventricular hemorrhage, periventricular leukomalacia, and death.4,8,9
Therefore, infants at risk of hyperkalemia must be identified
and treated as early as possible.
In the past, glucose-insulin infusion has usually been considered the first therapeutic choice for treating hyperkalemia
in premature infants. Insulin can regulate the Na+-K+ ATPase
in the cell membranes by increasing the rate of ATP hydrolysis
that occurs in order to maintain intracellular and extracellular
potassium concentrations. However, in spite of the fact that
some previous studies have recommended specific dosages of
insulin in order to reduce the possible side effects of hypoglycemia, such side effects still occur frequently.7 As such, in order to
prevent the possibility of hypoglycemia resulting from insulin,
glucose is usually included with the insulin in order to counteract the insulin’s potential side effects. On the other hand,
given the difficulty of prescribing precise dosages of insulin and
glucose, iatrogenic hyperglycemia it is not uncommon. Either
hypoglycemia or hyperglycemia in premature infants can result
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in acute or chronic life-threatening conditions such as seizure,
cerebral damage, and intraventricular hemorrhage.10-12 As the
infant liver is still underdeveloped and has limited capacity for
glycogen production and storage, the prevention of vigorous
blood sugar fluctuations in infants is essential.13,14
Salbutamol is a kind of β2 adrenergic agonist that can activate adenylate cyclase via the binding of β2 adrenoreceptors.
This mechanism will stimulate the production of cyclic adenosine monophosphate with the help of ATPase and, in turn,
facilitate the transfer of potassium into cells.15 Though many
studies have demonstrated that salbutamol is effective in treating hyperkalemia,16-19 prospective clinical comparison studies
have been rare. In previous studies, intravenous salbutamol
injections have been used as a means of treating hyperkalemia
in neonates, with those studies reporting that such injections
successfully reduce serum potassium levels without marked
side effects.20,21 Nebulized salbutamol also had been reported to
yield significantly better results than intravenously administered
forms of the drug.18,22 In the present study, we sought to compare the value, effectiveness, and potential side effects of nebulized salbutamol and glucose-insulin infusion in order to assess
whether nebulized salbutamol is a safer alternative treatment for
hyperkalemia in premature infants.
2. METHODS
2.1. Patients

All the premature infants included in this study were cared for
according to the clinical guidelines of the newborn intensive
care unit of Cheng Ching General Hospital, Taichung, Taiwan.
We excluded premature infants born with any major congenital
malformations (including chromosomal abnormalities), infants
with confirmed or suspected sepsis or pneumonia, infants in a
terminal state on admission, infants with umbilical anomalies,
and infants with skin infections.
2.2. Ethics statement

This study was approved by the Institutional Review Board of
Cheng Ching General Hospital (IRB No: HP110006). Written
informed consent was obtained from the parents or guardians
of each of the minors before any study related procedures were
performed.
2.3. Study design

Prospectively double-blind, randomized clinical study was set
up under the IRB approval and went through as followings:
Forty premature infants (gestation age ≤36 weeks) with non-oliguric hyperkalemia (central serum potassium level greater than
6.0 mmol/L) within 72 h of birth were enrolled in this study.
They were randomly assigned into two groups (according to
their chart number is singular or plural): each Group A infant
(n = 20, chart number is singular) received a glucose-insulin
infusion and each Group B infant (n = 20, chart number is plural) received a Ventolin® (salbutamol) respirator solution (Glaxo
Canada Inc; Montreal, Canada) via nebulizer. The glucose-insulin infusion consisted of 10–15 mg of glucose and 1 unit of
regular insulin bolus (RI), maintained at a rate of 6 mg/kg/min.
Salbutamol (400 μg in 2 ml saline solution) was administered
as an aerosol using an endotracheal tube. The central serum
potassium, blood glucose, heart rate, and blood pressure of each
infant were measured before treatment and at 3, 6, 12, 24, and
72 h posttreatment.
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2.4. Analytic procedures

For each infant, the central serum potassium level and blood
glucose level were monitored throughout the study by intermittent arterial line sampling. Potassium was measured using the
Ion-Selective Electrode (indirect ISE) method (Hitachi 008AS),
and glucose was measured using automated biochemical methods (Hitachi 008AS). The glucose fluctuation was obtained by
subtracting the value of the lowest blood glucose concentration
from that of the peak concentration. The heart rate (HR) and
mean arterial blood pressure (MAP) were also monitored, while
the electrocardiograms were continuously monitored. We paid
greater attention to such monitoring when abnormally high potassium levels (central serum potassium greater than 7.5 mmol/
L) occurred. When this happened, aggressive medical interventions and management were applied without any delay. Furthermore, due to safety concerns, any infant facing such a situation
would be excluded from the present study.
2.5. Statistical analysis

Statistical analysis was done using Student’s t-test for paired
values. Between-groups differences were tested using analysis of
variance (ANOVA) and Fisher’s post hoc tests. The results were
expressed as mean value ± SEM at a significance level of p < 0.05.
In both tables, we used nonparametric statistics (Wilcoxon rank
sum test) to test data differences between two groups if the data
distribution is not corresponding Gaussian/ normal distribution
(Kolmogorov–Smirnov test is significantly). Relatively, data in
tables with normal distribution will be present as mean value ±
SD.
3. RESULTS
3.1. Comparison of the effects of nebulized salbutamol and
glucose-insulin infusion on potassium level, heart rate, and
mean arterial pressure

There was no significant difference in the distributions of neonatal birth weights between the nebulized salbutamol and glucose-insulin infusion management groups (Table 1, Student’s
t-test: p > 0.05). The mean blood glucose, HR, and MAP levels
before treatment of the two groups also showed no significant
difference (Table 2, Student’s t-test: p > 0.05). Both interventions were found to significantly reduce the serum potassium
levels (Fig. 1 & Table 2; Student’s t-test: Pre-treat vs. 3-h & 72h, RI + glucose, p < 0.01; Pre-treat vs. 3-h & 72-h, salbutamol,
p < 0.01) but not HR or MAP (Table 2, Student’s t-test: Pretreat vs. 72-h, p > 0.05). However, the effects of these two treatments on serum potassium level, HR, and MAP did not show
any significant difference (Figs. 1–3, ANOVA: p > 0.05).
3.2. Nebulized salbutamol alleviates blood glucose fluctuation

Because glucose-insulin infusions can cause either hypoglycemia
or hyperglycemia,9,23 we measured the blood glucose fluctuations of both therapeutic groups. There were no significant statistical differences in blood glucose levels over the observation
period of each study time points (Fig. 4A or Table 2, ANOVA:
p > 0.05). However, the blood glucose fluctuations (indicated
by the difference resulting from subtracting the lowest blood
glucose concentration from the peak concentration during
study period) showed significant differences. The degree of the
mean blood glucose fluctuation in the nebulized salbutamol
group was significantly lower than that in the glucose-insulin
www.ejcma.org
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compartment syndrome 25,28,29; glucose-insulin infusion can
cause either hypoglycemia or hyperglycemia9,23; and Kayexalate®
enema can lead to stool impaction, rectal perforation, and even
necrotizing enterocolitis.30-32
Preterm infants are in danger of abnormal glucose homeostasis. Hyperglycemia is a remarkable risk factor for mortality
and morbidity in preterm infants and occurs in 40–80% of
ELBW newborns due to the inability of these newborns to inhibit gluconeogenesis in response to a glucose infusion, which
leads to insulin resistance.33,34 Moreover, these infants may also
develop hypoglycemia due to the limitation of glycogen and fat
storage, especially during an exogenous insulin infusion.13 These
sequelae will lead to adverse neurodevelopmental outcomes.35
To sum up, glucoseinsulin infusions are accompanied by both
side effects and potential risk factors. Relatedly, in this study, we
detected more severe glucose fluctuations in the glucose-insulin
infusion group, in spite of the infusions being administered according to accurate medical guidance. Based on these results of
the present study and a recent review article, it can be concluded that nebulized salbutamol should be given higher priority in
treating hyperkalemia in premature neonates.36
In 1992, Dilmen et al. conducted the first study in which
salbutamol was used as an alternative for treating hyperkalemia
in LBW neonates. They also reported that side effects such as
tremor and a slight increase in heart rate occurred when glucose-insulin infusion was used as a treatment.20 However, to the
best of our knowledge, no study prior to the present one has
investigated the differences between nebulized salbutamol and
glucose-insulin infusion for the treatment of hyperkalemia in
premature infants. Our data demonstrated that the therapeutic
effectiveness of both treatments in terms of lowering serum

infusion group (42.3 ± 3.70 mg/dL and 105.35 ± 14.05 mg/dL,
respectively, p < 0.001, Fig. 4B).
4. DISCUSSION

Glucose-insulin infusion has been considered a classic treatment
for non-oliguric hyperkalemia in premature infants. However,
the potential risks of blood glucose fluctuations are not uncommon in these infants, and such fluctuations will sometimes
result in severe sequelae,9,23 The results of the present study
indicate that salbutamol is as effective as typical glucose-insulin
infusion therapy in lowering the blood potassium level of an infant. No known side effects such as tachycardia or hypertension
were observed in either group. In addition, the blood glucose
levels, heart rates, and blood pressures of these patients were all
within normal limits throughout the study. We also demonstrated that the nebulized salbutamol therapy resulted in less
vigorous fluctuations of blood glucose in comparison with the
typical glucose-insulin infusion treatment.
Hyperkalemia in premature neonates results from abnormal
potassium reabsorption or shifting between the intracellular
and the extracellular space.4,24 Therapies for hyperkalemia in
neonates include lowering blood potassium levels through the
intravenous administration of calcium gluconate, sodium bicarbonate, bolus glucose-insulin infusion, or the administration of
a sodium polystyrene sulfonate (Kayexalate®) enema.9,25-27 However, the effectiveness of these treatments has been criticized and
doubted in several reports due to their coinciding with various
unwanted side effects. For example, the extravasation of intravenous calcium gluconate can lead to regional soft tissue calcification, necrosis, cellulitis, and osteomyelitis, and may even cause
Table 1
Birthweight (BW) of hyperkalemic neonates enrolled in each group.
Treatment
Average BWb (g), median (LQ-UQ)c

Group A

Group B

RIa + glucose

Albuterol (Ventolin)

1515 (1039–1625)

1100 (1042–1792.5)

p > 0.05

20

20

p > 0.05

3 (15.0%)

3 (15.0%)

5 (25.0%)

8 (40.0%)

12 (60.0%)

9 (45.0%)

Total nd
n ≤ 1000 g
1000 g < n < 1500 g
1500 g ≤ n

p

a

Regular Insulin.
b
Birthweight.
c
Median (lower quadrant-upper quadrant).
d
Number of infants.

Table 2
Serum potassium, blood sugar, heart rate, and blood pressure pre- and 72 h post-treatment in two groups of hyperkalemic infants.
Group A
(RIa + glucose)
Pre-treat
nb

20

Group B
(Ventolin®)

p
72 h

Pre-treat

p
72 h

20

Potassium (mmol/L)

6.50 (6.25–7.05)

4.30 (3.90–5.15)

p < 0.001

6.35 (6.10–6.55)

4.05 (3.55–4.40)

p < 0.001

Blood sugar (mg/dL)

80.5 (61.5–105.5)

81.5 (72.5–88.5)

p = 0.86

80.1 ± 15.1

71.9 ± 23.3

p = 0.09

Heart rate (count/min)

150.0 ± 17.4

139.9 ± 12.4

p = 0.020

148.5 (137–154.5)

144.0 (131.0–150.0)

p = 0.267

43.1 ± 11.2

48.1 ± 17.2

p = 0.139

39.0 ± 7.1

42.5 ± 6.6

p = 0.059

BPc (mmHg/min)

Note: Data are presented as mean ± SD or median (LQ-UQ).
a
Regular Insulin.
b
Number of infants.
c
Blood Pressure.
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Fig. 1 Changes in serum potassium (K+) level in hyperkalemic infants three
days after treatment with a glucose and insulin infusion (RI + glucose, Group
A) or nebulized salbutamol (Ventolin®, Group B). Data are presented as the
mean ± SEM. **, Pre-treat vs. 3-h, RI + glucose, p < 0.01; ##, Pre-treat vs.
3-h, Ventolin®, p < 0.01.

Fig. 3 Changes in mean arterial blood pressure (MAP) of hyperkalemic
infants three days after treatment with a glucose and insulin infusion (RI +
glucose, Group A) or nebulized salbutamol (Ventolin®, Group B). Data are
presented as the mean ± SEM.

potassium in premature infants was similar. Though no known
side effect of salbutamol was observed in our study, some previous studies have claimed that rebound hyperkalemia can occur
after dialysis in end-stage renal disease patients.37 However,
there are some β2 adrenergic agonistic medications such as
procaterol or salmeterol possess higher selectivity react to β2
adrenergic receptor than salbutamol, which may reduce some
unwanted side effects resulting from β1 adrenergic receptors.38
In present study we still choose salbutamol as study target owing to the first: it is the earliest β2 adrenergic agonist that being
applied in lowering serum potassium.20 Second, the applications
of other highly selective β2 adrenergic agnoists are few being
reported.39 Third, most documented side effects of salbutamol
were little and acceptable.40 Fourth, present study focused on
the difference comparison of β2 adrenergic agonist and glucoseinsulin therapy but not benefits of β2 adrenergic agonists
between. Maybe we can raise another clinical study to compare
the efficiency and efficacy of these β2 adrenergic agonists in the
future.
Though the present study had a number of potential limitations, including a small sample of participants and some possible biases such as the correlations of the fluid statuses, feeding
protocols, and body weights of the infants, it nonetheless provides a prospective, case–control, comparison study of the two
treatment groups. Further, more extensive studies are essential

in order to gather more evidence to support the effectiveness
of salbutamol as an alternative treatment for life-threatening
hyperkalemia in premature infants. In addition, the use of more
intensive and continuous in-time monitors is also needed to
avoid the risk of inconsistent responses.
In conclusion, in comparison with glucose-insulin infusions,
the treatment of hyperkalemia in premature infants with nebulized salbutamol can provide a safe and effective clinical option.
It can achieve the goals of being less invasive and causing less
severe blood glucose fluctuations.

A

B

Fig. 2 Changes in heart rate (HR) of hyperkalemic infants three days after
treatment with a glucose and insulin infusion (RI + glucose, Group A) or nebulized salbutamol (Ventolin®, Group B). Data are presented as the mean ±
SEM.
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Fig. 4 A. Changes in blood glucose level (Glu) in hyperkalemic infants three
days after treatment with a glucose and insulin infusion (RI + glucose, Group
A) or nebulized salbutamol (Ventolin®, Group B). B. The ﬂuctuations of glucose level. Data are presented as the mean ± SEM.
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Abstract
Background: Evidence about the risk of bleeding and thromboembolism because of aspirin mono-therapy in total knee arthroplasty (TKA) is scant. We wanted to validate the risks of bleeding and thromboembolism with continued aspirin mono-therapy in
unilateral and simultaneous bilateral TKA.
Methods: We enrolled a series of 1655 patients who underwent unilateral or simultaneous bilateral TKA between December
2010 and December 2012. Drainage amount, postoperative hemoglobin level, change in hemoglobin, calculated blood loss,
incidence and the amount of blood transfused, and the proportion of thromboembolic events were compared between patients
who were and patients who were not on continued aspirin mono-therapy.
Results: Calculated blood loss (969.1 ± 324.9 vs. 904.0 ± 315.5 ml), transfusion amounts (1.3 ± 1.5 vs. 1.0 ± 1.3 IU), and
percentage of transfused patients (53.0% vs. 40.2%) were higher in unilateral TKA patients on continued aspirin mono-therapy.
Outcome parameters and the proportion of DVT between groups were not signiﬁcantly different. One patient (0.3%) not on aspirin mono-therapy developed a pulmonary embolism, and two others (0.6%) had cerebrovascular events.
Conclusion: Despite the slightly higher risks of bleeding, continuing aspirin mono-therapy during TKA might be safe with low
risks of perioperative cerebrovascular, cardiovascular, and venous thromboembolic events.
Keywords: Aspirin; Bleeding risk; Monotherapy; Thromboembolism; Total knee arthroplasty

1. INTRODUCTION

Significant blood loss, bleeding-related complications, and
a need for transfusions are major complications after a total knee arthroplasty (TKA).1-5 The attending surgeon must
decide whether to continue or discontinue aspirin therapy
during the perioperative period in patients with a history of
cerebrovascular or cardiovascular disease. The risks of bleeding
and perioperative thromboembolic events (cerebrovascular
and cardiovascular events, deep vein thrombosis [DVT], and
pulmonary embolisms) should be considered. The American
Academy of Orthopedics Surgeons (AAOS) moderately recommends in its September 2011 guideline4 that antiplatelet agents
be discontinued before hip or knee arthroplasty. The American
College of Chest Physicians (ACCP) also recommends in its
February 2012 guideline6 stopping aspirin for 7–10 days before
surgery in low-risk patients. However, continued aspirin therapy in patients undergoing non-cardiac surgeries reduces the
risks of major thromboembolic events, but discontinued or no
aspirin therapy is associated with higher risks of adverse cardiac
events.7-10 Therefore, perioperative management of aspirin ther*Address correspondence: Dr. Wei-Ming Chen, Department of Orthopaedics and
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apy in patients undergoing TKA is controversial.
There are few studies on whether to continue aspirin therapy
during a TKA. A comparative study (Schwab et al.,11) reported
that the risks of bleeding and the need for a transfusion were
not significantly different between patients undergoing unicompartmental or TKA who were or were not on continued aspirin
mono-therapy. However, venous thromboembolic events were
not analyzed as an end point. Meier et al.12 said that blood loss
and local bleeding complications were not significantly higher
in patients on continued aspirin therapy undergoing TKA or
total hip arthroplasty (THA). There tended to be a lower risk of
cardiac complications in patients who continued aspirin. However, only 17 of 337 patients who had undergone a TKA were
on continued aspirin therapy.
We hypothesized that continued aspirin mono-therapy in patients undergoing TKA would lead to a higher risk of bleeding
but to a similar rate of thromboembolic events as in patients
who had never been on aspirin therapy.
2. METHODS

Between December 2010 and December 2012, we enrolled a
series of 1655 patients who underwent unilateral (n = 1295) or
simultaneous bilateral (n = 360) primary, minimally invasive
TKA, done by the same surgeon, for osteoarthritis, spontaneous
osteonecrosis of the knee, or rheumatoid arthritis. Exclusion
criteria were a previous TKA, or primary septic arthritis that
required staged surgery or reconstruction after resection of benign, or malignant bone tumors around the knee joint. This
study has been approved by the institution review board (IRB
number 2018-04-003AC). One group of 272 patients (unilateral
TKA in 217, bilateral in 55) had undergone surgery with conwww.ejcma.org
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Table 1
Patient demographic information.
Bilateral TKA

Unilateral TKA
Variables

Aspirin

No aspirin

(n = 217)

(n = 1078)

Aspirin

No aspirin

(n = 55)

(n = 305)

205 (94.5%)

1019 (94.5%)

55 (100%)

302 (99%)

Diagnosis
OA

p
0.885

0.607

SONK

9 (4.1%)

40 (3.7%)

0

RA

3 (1.4%)

19 (1.8%)

0

0

74.2 ± 7.3 (56–88)

71.6 ± 8.4 (43–90)

74.9 ± 6.2 (56–84)

71.0 ± 7.2 (49–89)

162 (74.7%)

848 (78.7%)

55 (25.3%)

230 (21.3%)

Age* (years)
Gender
Female
Male

< 0.001

3 (1.0%)

0.114

Height* (cm)
154.0 ± 8.0

154.4 ± 7.7

range

(138–178)

(136–190)

Weight* (kg)

< 0.001
0.136

37 (67.3%)

230 (75.4%)

18 (32.7%)

75 (24.6%)

0.536

mean

p

0.018
156.0 ± 8.1

153.3 ± 7.6

(140–183)

(142–172)

0.018

0.093

mean

68.1 ± 11.3

66.0 ± 11.9

67.8 ± 9.4

65.0 ± 11.9

range

(47–115)

(41–120)

(48–93)

(39–101)

mean

28.7 ± 4.7

27.6 ± 4.4

27.9 ± 3.0

27.6 ± 4.5

range

(19.3–45.5)

(18.1–49.3)

(21.8–33.7)

(18.7–42.4)

HTN

198 (91.2%)

652 (60.5%)

44 (80.0%)

191 (62.6%)

DM

58 (26.7%)

237 (22.0%)

0.078

19 (34.5%)

67 (22.0%)

CAD

31 (14.3%)

50 (4.6%)

< 0.001

15 (27.3%)

12 (3.9%)

< 0.001

CVD

12 (5.5%)

13 (1.2%)

< 0.001

1 (1.8%)

4 (1.3%)

0.566

BMI*

0.001

0.609

Comorbidity [n (%)]
< 0.001

0.008
0.036

CKD/ESRD

5 (2.3%)

15 (1.4%)

0.234

0

0

–

CHF

4 (1.8%)

14 (1.3%)

0.356

0

0

–

100 mg

184 (84.8%)

–

44 (80.0%)

–

325 mg

33 (15.2%)

–

11 (20.0%)

–

Aspirin dose

Proportion of thromboembolism prophylaxis [n (%)]
62 (28.6%)

0.001
204 (18.9%)

0.243
10 (18.2%)

72 (23.6%)

TKA = total knee arthroplasty; OA = osteoarthritis; SONK = spontaneous osteonecrosis of the knee; RA = rheumatoid arthritis; BMI = body mass index; HTN = hypertension; DM = diabetes mellitus; CAD =
coronary artery disease; CVD = cerebrovascular disease; CKD = chronic kidney disease; ESRD = endstage renal disease; CHF = congestive heart failure; *values are mean ± standard deviation (range).

tinued aspirin mono-therapy. A second group of 1383 patients
(unilateral TKA in 1078, bilateral in 305) had not previously
been on aspirin therapy, and were not during the surgery. Patients who were on antiplatelet medications other than aspirin
(e.g. clopidogrel, cilostazol, dipyridamole) or anticoagulation
(e.g. warfarin) in both groups were also excluded. Patients who
had undergone unilateral TKA on continued aspirin monotherapy were older (74.2 ± 7.3 vs. 71.6 ± 8.4 years), weighed more
(68.1 ± 11.3 vs. 66.0 ± 11.9 kg), and had higher bodymass
indices (BMIs) (28.7 ± 4.7 vs. 27.6 ± 4.4), higher percentages
of histories of hypertension (91.2% vs. 60.5%), coronary artery
disease (14.3% vs. 4.6%), and cerebrovascular disease (5.5% vs.
1.2%) than did those not on continued aspirin therapy (Table 1).
Patients who had undergone bilateral TKAs on continued aspirin mono-therapy were older (74.9 ± 6.2 vs. 71.0 ± 7.2 years),
taller (156.0 ± 8.1 vs. 153.3 ± 7.6 cm), and had higher percentages of histories of hypertension (80.0% vs. 62.6%), diabetes
www.ejcma.org

mellitus (34.5% vs. 22.0%), and coronary artery disease (27.3%
vs. 3.9%) than did those not on aspirin therapy.
Patients were given a spinal block (spinal anesthesia) whenever possible. A tourniquet was inflated before the knee incision
and released after all TKA components had been implanted. We
deflated the tourniquet and did hemostasis before wound closure. Cuff pressure was set at 100–120 mmHg higher than the
systolic blood pressure immediately before the tourniquet was
inflated. A minimally invasive medial midvastus approach was
used in all patients. Nexgen® (Zimmer, Warsaw, IN, USA) and
Scorpio NRG® (Stryker, Mahwah, NJ, USA) were the implants
of choice in this study. An evacuator (Hemovac®; Zimmer,
Warsaw, IN, USA) was inserted in every patient. No patients
were injected with local hemostatic agents, e.g., intra-articular tranexamic acid, or periarticular injection for pain control
during this period.
After surgery, all patients were immediately allowed to walk
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without weight-bearing restrictions, and with walking aids if
necessary. On postoperative Day 1, we started active and passive range-of-motion exercises with ice-packs, and we checked
patients’ hemoglobin levels. Blood transfusions were considered
for patients whose hemoglobin level was ≤9 g/dL or between
9 and 10 g/dL with symptoms of anemia. These criteria were
used for all patients throughout this period. The Hemovac was
removed on postoperative Day 2, regardless of the drainage
amount. Indications for thrombosis prophylaxis were: body
mass index ≥30, severe varicose veins over the lower legs, and a
history of thromboembolic events: DVT and pulmonary embolisms. The other patients did not receive chemical or mechanical
prophylaxis. Early ambulation and ankle pump exercise were
started immediately after surgery as tolerable. The thrombosis
prophylaxis protocol consisted of an injection of low molecular weight heparin (enoxaparin, Clexane®, 2000 IU, 0.2 cc)
immediately after surgery and daily until postoperative Day
3, and low-dose aspirin (Bokey®) (100 mg) for 2 weeks from
postoperative Day 4. A higher proportion (28.6% vs. 18.9%)
of patients who underwent unilateral TKA with continued aspirin mono-therapy were treated with this protocol than were
patients without continued aspirin therapy. In patients who had
undergone bilateral TKA, the proportion was not significantly
different (18.2% vs. 23.6%). Lower extremity ultrasonography
was not routinely used to screen for DVT, except for patients
suspected of having DVT. With confirmed DVT or with significant clinical symptoms but without ultrasonographic evidence,
prolonged low-dose aspirin was prescribed until the symptoms
subsided. If there were no unexpected adverse events, patients
were usually discharged on postoperative Days 4–6. Time points
for outpatient department follow-up included postoperative 2
weeks, 6 weeks, 3 months, 1 year, and then annually. Follow-up
rates were 100% at 2 weeks, 98.7% at 6 weeks, 97.2% at 3
months, and 95.2% at 1 year.
Primary outcome parameters consisted of postoperative
drainage amount (Days 1 and 2), postoperative hemoglobin
level, change in hemoglobin, calculated blood loss,3 incidence
and the amount of blood transfused, proportions of thromboembolic events: symptomatic DVT and pulmonary embolisms.
Secondary outcome parameters consisted of tourniquet time,
cuff pressure, length of hospital stay, and surgical and medical
complications.
For statistical analysis, Kolmogorov–Smirnov tests were first
used to assess whether the data were normally distributed. For
continuous variables, independent t tests and Mann–Whitney
U tests were used to analyze normally and abnormally distributed data, respectively. For categorical variables, χ2 and Fisher’s
exact tests were used. SPSS 17 for Windows (SPSS Inc, Chicago, IL, USA) was used for all statistical analyses. Significance
was set at p < 0.05. We used G*Power software (Heinrich-Heine
Universität Düsseldorf, Düsseldorf, Germany) to perform post
hoc power analysis in each comparison of primary outcome parameters with an alpha probability of 0.05. A power more than
0.8 was considered sufficient.
3. RESULTS
3.1. Primary outcomes

In patients who had undergone unilateral TKA, preoperative
and postoperative hemoglobin levels and changes in hemoglobin levels were not significantly different. The drainage amounts
on postoperative Day 1 (698.1 ± 256.8 vs. 651.8 ± 256.2 ml)
and Day 2 (214.0 ± 95.9 vs. 198.2 ± 83.0 ml) were significantly
62

J Chin Med Assoc

higher in patients not on aspirin therapy. In contrast, calculated
blood loss (969.1 ± 324.9 vs. 904.0 ± 315.5 ml), transfusion
incidence (53.0% vs. 40.2%), and the amount of blood transfused (1.3 ± 1.5 vs. 1.0 ± 1.3 IU) were all significantly higher in
patients with continued aspirin mono-therapy (Table 2).
In patients who had undergone bilateral TKA, baseline and
postoperative hemoglobin levels were all significantly higher
in patients who were not on aspirin therapy, but changes in
hemoglobin levels were not significantly different. The primary
outcomes of both groups (drainage amount of calculated blood
loss, postoperative Days 1 and 2, transfusion incidence, and
the amount of blood transfused) were not significantly different
(Table 2).
3.2. Secondary outcomes

Cuff pressure, tourniquet time, and length of hospital stay were
not significantly different between groups in patients who underwent unilateral and bilateral TKA. There was no in-hospital
mortality (Table 2).
The overall complication rates in patients who had undergone unilateral TKAwith and without aspirin therapy were not
significantly different (9.2% vs. 7.1%), nor were the proportions of patients with positive clinical and ultrasonographic
findings or with only positive clinical symptoms of DVT but
negative findings on ultrasonography (4.6% vs. 5.4%). No patients developed a pulmonary embolism. Minor wound complications (1.8% vs. 1.6%) consisted of excessive bullae formation,
delayed wound healing, or superficial wound infections. Other
complications included postoperative ileus in 2 patients (0.2%),
exacerbated heart failure in 2 (0.2%), and periprosthetic fractures in 2 others. Time points for the two periprosthetic fractures were 7 and 11 months after surgery (Table 3).
The overall complication rate in patients who had undergone
bilateral TKA with and without aspirin therapy were not significantly different (3.6% vs. 6.6%), nor were the proportions
with positive clinical or ultrasonographic findings of symptomatic DVT (3.6% vs. 4.6%). Notably, in patients not on aspirin
therapy, 1 (0.3%) developed a pulmonary embolism and 2
others (0.6%) had cerebrovascular events. Other complications
included Cushing syndrome in 1 patient (0.3%) and a flare-up
of herpes zoster in 2 others (0.6%) (Table 3).
4. DISCUSSION

The most important finding of this study was that continued
aspirin mono-therapy might be a safe and reasonable management during the perioperative period of TKA. Patients who
underwent unilateral TKA and were on continued aspirin mono-therapy had slightly (but significantly) more transfusions,
transfusion amounts, and calculated blood losses. Outcome
parameters were not significantly different for patients who had
undergone simultaneous bilateral TKA. Notably, patients on
aspirin mono-therapy had no perioperative cerebrovascular or
cardiovascular events, and their proportions of symptomatic
DVT were low. Pulmonary embolism occurred in only one patient who was not on aspirin therapy.
Continued aspirin therapy to prevent major thromboembolic
events in high-risk patients undergoing non-cardiac surgeries
has been supported in some studies.7-10,13 Eisenberg et al.7 suggested that, in patients who had a cardiac stent for coronary
artery disease, elective total joint arthroplasty be delayed until
clopidogrel can be stopped and that aspirin therapy be continwww.ejcma.org
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Table 2
Primary and secondary outcomes.
Bilateral TKA

Unilateral TKA
Variables

Aspirin

No aspirin

(n = 217)

(n = 1078)

mean

651.8 ± 256.2

698.1 ± 256.8

range

(50–1300)

(100–1780)

POD1 drainage amount* (ml)

p

Aspirin

No aspirin

(n = 55)

(n = 305)

1443.4 ± 534.4

1357.7 ± 440.1

(330–2885)

(230–2480)

418.4 ± 181.3

401.5 ± 160.6

(140–870)

(50–920)

0.017

POD2 drainage amount* (ml)

0.205

0.031

mean

198.2 ± 83.0

214.0 ± 95.9

range

(40–580)

(25–770)

Pre-op Hemoglobin* (g/dL)

0.507

0.06

0.039

mean

12.6 ± 1.6

12.8 ± 1.3

12.5 ± 1.2

12.9 ± 1.4

range

(9.4–14.9)

(6.2–16.8)

(9.6–14.8)

(8.6–16.8)

Post-op Hemoglobin* (g/dL)

0.188

0.017

mean

10.1 ± 1.9

10.3 ± 1.6

10.2 ± 1.2

10.7 ± 1.7

range

(7.0–13.5)

(6.0 ± 13.9)

(8.2–13.1)

(8.1–15.7)

mean

–2.2 ± 1.2

–2.4 ± 1.0

–2.4 ± 1.3

–2.1 ± 1.3

range

(0.6 to – 4.5)

(2.6 to – 5.1)

(–0.2 to –5.5)

(1.3 to –5.5)

1923.4 ± 486.9

1866.4 ± 451.7

(694.7–2657.3)

(607.9–2934.0)

Hemoglobin change* (g/dL)

0.055

Calculated blood loss* (ml)

0.233

0.008

mean

969.1 ± 324.9

904.0 ± 315.5

range

(301.4–1695.5)

(211.2–2481.5)

Transfused patient [n (%)]

0.398

< 0.001
115 (53.0%)

433 (40.2%)

Transfusion amount* (U)

0.244
47 (85.5%)

245 (80.3%)

3.2 ± 1.8

3.0 ± 1.9

(0–6)

(0–8)

< 0.001
1.3 ± 1.5

1.0 ± 1.3

(0–4)

(0–8)

Tourniquet time* (min)

0.415

0.341

0.134

37.6 ± 7.5

37.1 ± 7.8

66.8 ± 12.2

71.7 ± 23.7

(21–64)

(20–73)

(43–95)

(42–114)

271.4 ± 14.7

269.5 ± 13.1

272.0 ± 13.0

269.5 ± 13.1

(250–310)

(250–350)

(250–300)

(250–300)

4.5 ± 0.8

4.6 ± 0.9

6.9 ± 1.4

6.6 ± 1.4

(4–10)

(3–9)

(5–11)

(4–16)

Cuff pressure* (mmHg)

0.06

Length of hospital stay* (days)

p

0.188

0.317

0.270

TKA = total knee arthroplasty; POD1 = postoperative Day 1; POD2 = postoperative Day 2; *values are mean ± standard deviation (range).

ued. Stopping both antiplatelet agents might lead to increased
perioperative thrombotic events. Biondi-Zoccai et al.8 concluded that discontinuing aspirin therapy in patients with coronary
artery disease leads to a higher risk of major adverse cardiac
events, and to an even higher risk in patients with intracoronary
stents. In a randomized, double blinded, placebo-controlled
trial9 in high-risk patients undergoing non-cardiac surgeries,
low-dose aspirin reduced the risk of major adverse cardiac
events. Mantz et al.13 found no difference in major thrombotic
or bleeding events in a multicenter randomized, blinded, placebo-controlled trial of 291 intermediate-to high-risk patients
undergoing mixed elective surgeries. Gerstein et al.10 hypothesized that, except in intracranial, middle ear, posterior eye,
intramedullary spine, and transurethral prostatectomy surgeries,
www.ejcma.org

the perioperative bleeding risks might not outweigh concomitant thromboembolic risks. Those studies9,10,13 involved a variety
of non-cardiac surgeries and concluded that clinicians should
weigh the risks and benefits of continued aspirin therapy with a
patient-specific strategy.
The AAOS 2011 guideline moderately recommends that
aspirin therapy be discontinued before total joint arthroplasty,14 and theACCP 2012 guideline recommends discontinuing
aspirin therapy for 7–10 days before surgery in low-risk patients.6 One case-control study of patients with femoral neck
fractures reported that continued aspirin therapy was associated
with a higher incidence of postoperative transfusions, but that
differences in blood loss and changes in hematocrit were not
significant.15 In patients who had surgery for proximal femoral
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Table 3
Surgical and medical complications.
Bilateral TKA

Unilateral TKA
Variables
Overall complications

Aspirin

No aspirin

(n = 217)

(n = 1078)

p

Aspirin

No aspirin

(n = 55)

(n = 305)

p

20 (9.2%)

77 (7.1%)

0.178

2 (3.6%)

20 (6.6%)

0.317

Wound complication

4 (1.8%)

17 (1.6%)

0.478

0

0

–

Deep vein thrombosis

10 (4.6%)

58 (5.4%)

0.395

2 (3.6%)

14 (4.6%)

0.547

Pulmonary embolism

0

0

–

0

1 (0.3%)

–

Cerebrovascular event

0

0

–

0

2 (0.6%)

–

Cardiovascular event

0

0

–

0

0

–

Ileus

0

2 (0.2%)

–

0

0

–

Heart failure with exacerbation

2 (0.9%)

0

–

0

0

–

Periprosthetic fracture

2 (0.9%)

0

–

0

0

–

Cushing syndrome

0

0

–

0

1 (0.3%)

–

Herpes zoster ﬂare up

0

0

–

0

2 (0.6%)

–

TKA = total knee arthroplasty.

fractures, those on continued aspirin therapy had higher transfusion amounts than those who were not on aspirin therapy,
but drainage amounts, hemoglobin levels, and wound complications were not significantly different.16 In spine fusion
surgeries, patients who were or had been on low-dose aspirin
therapy had higher postoperative blood drainage and transfusion amounts.17 However, Nuttall et al.18 said that, in a multiple
regression analysis, aspirin was not related to increased bleeding in their 38 patients. A comparative study11 of 601 patients
who underwent unicompartmental knee arthroplasty or TKA
showed no significant changes in hemoglobin level, calculated
blood loss, number of transfusions, or transfusion amount,
regardless of whether they were on aspirin therapy. Aspirin therapy was continued in both high- and low-risk patients without
a risk of increased bleeding, and the need for risk stratification
was eliminated. However, venous thromboembolic events were
not analyzed as an end point. In our series of 1655 patients,
patients who underwent unilateral but not bilateral TKA had
more transfusions, a higher transfusion amount, and a higher
calculated blood loss. Notably, the proportions of symptomatic
DVTwere comparable. There were no pulmonary embolisms or
cardiovascular or cerebrovascular events in patients on continued aspirin monotherapy. The overall incidence of symptomatic
DVT in our study was 5.1%, which was relatively low compared with those reported in the literature, which ranged from
0.75% to 26.6%.19–23 This widely reported incidence might
be the product of different study designs, indications for ultrasonography examinations, different populations, or the pharmacological prophylaxis of thromboembolisms. The incidence of
pulmonary embolisms was 0.06% (range: 0.01%–0.4%), which
is comparable with what is reported in the literature.22-24
This study has some limitations. First, the study should have
focused on whether to continue aspirin mono-therapy in lowrisk patients, in which case, a double-blinded, placebo-based
control group design with randomly discontinued perioperative
aspirin would have been ideal. However, we hypothesized that
there would be only a nonsignificant increase in the risk of
bleeding that would not outweigh the risk of a thromboembolism. Therefore, we continued aspirin in all patients without risk
stratification. Second, there was a potential bias affecting the
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bleeding risk. There was an older mean age, lower preoperative
hemoglobin level, higher proportion of medical comorbidities
and higher proportion of patients receiving thromboembolism
prophylaxis in patients who were on aspirin mono-therapy than
in those who were not. Ahmed et al.1 found, in a multivariate
regression analysis, that old age and lower preoperative hemoglobin levels were factors that increased the risk of needing a
postoperative blood transfusion. Despite the presence of those
positive confounding factors that might lead to increased bleeding risk, we found that patients who underwent unilateral but
not bilateral TKA had higher calculated blood losses and needed more transfusions. Third, transfusion rate for unilateral total
knee arthroplasty in both groups were 40.2% and 53.0% We
did not use systemic or intraarticular hemostatic agents during
this study period. We started the use of intraarticular tranexamic acid injection since year 2013. We did not include those
patients to avoid confounding. In addition, our transfusion
criteria were less strict than the American Association of Blood
Banks clinical practice guideline on transfusion.25 Therefore,
this transfusion rate was relatively high compared with those
reported, ranged from 21% to 70%.26 Fourth, it was underpowered to conclude for the risk difference of thromboembolic
events including deep vein thrombosis, pulmonary embolism,
cardiovascular or cerebrovascular events between groups. Therefore, we can only conclude that risk of thromboembolic events
in patients who were on continued aspirin mono-therapy was
low rather than a risk difference.
The strengths of this study are that this was a large series of
surgeries done by the same surgeon within a relatively short
study period, and that the postoperative follow-up rate was high
(95.2% at postoperative 1 year) to record surgical and medical
complications, especially thromboembolic events. Indications
for thromboembolic prophylaxis, blood transfusion, postoperative care, rehabilitation, and follow-up protocols were consistent
throughout this study.
In conclusion, continued aspirin mono-therapy during unilateral and simultaneous bilateral TKA might be a safe strategy
with a low risk of perioperative cerebrovascular, cardiovascular,
and venous thromboembolic events. A slightly higher bleeding
risk might not outweigh the potential risk of thromboembolic
www.ejcma.org
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events in TKA.
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Abstract
Background: Carotid artery stenting (CAS) is an effective way to prevent stroke in patients with severe carotid stenosis. However, several studies comparing the outcomes of stenting with open-cell stents (OCS) vs closed-cell stents (CCS) have yielded
inconclusive results. This study aimed to compare the outcomes of CAS with OCS vs CCS in the same patients.
Methods: From year 2000 to 2016, we included 52 patients with severe bilateral carotid stenosis who underwent OCS deployment in one artery and CCS deployment in the contralateral artery. Stents were selected according to arterial anatomy and lesion morphology, and the peri-procedural and long-term outcomes of treatment with OCS vs CCS, were compared in terms of
rates of ischemic spot development on early post-procedural diffusion-weighted imaging (ISDWI), in-stent restenosis (ISR), and
recurrent stroke.
Results: After stenting with OCS vs CCS, the number (rate) of arteries with no lesion, < 5 lesions, and ≥ 5 lesions on DWI was
9 (32%) vs 8 (27%), 8 (29%) vs 17 (57%), and 11 (39%) vs 5 (17%) (p = .10); number (rate) of arteries with 0%, < 50%, and >
50% ISR was 34 (65%) vs 34 (65%), 9 (17%) vs 11 (21%), and 9 (17%) vs 7 (13%) (p = .71); number (rate) of recurrent strokes
after CAS was 2 (4%) vs 0 (0%).
Conclusion: The rates of peri-procedural cerebral ischemic insult, long-term stent patency, and stroke recurrence indicate that
no one carotid stent cell design is superior to the other. We suggest both OCS and CCS are reasonable options for the treatment of severe carotid stenosis.
Keywords: Atherosclerosis; Carotid stenosis; Carotid stent; Stroke

1. INTRODUCTION

The efficacy of carotid artery stenting (CAS) is comparable to
that of carotid endarterectomy (CEA) for preventing ischemic
stroke in patients with severe carotid stenosis, especially elderly
patients with severe carotid stenosis; those with comorbidities
such as congestive heart failure, unstable angina, and contralateral carotid occlusion; and recipients of prior radiation therapy of the neck.1 Since performance of the first percutaneous
carotid angioplasty in 1980,2 several carotid stents varying in
configuration and design have become commercially available.
These stents provided scaffolding to prop open the artery and
prevent it from being occluded by further embolization, though
plaque continued to occupy the space between the vessel wall
and the stent. Open-cell stent (OCS) and closed-cell stent (CCS)
designs defined by the free cell area between stent lattices have
been compared using the rates of transient ischemic attack,
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stroke, or death at 30 days after the procedures and rate of embolic events detected on diffusion-weighted images as measures
of efficacy.3-7 However, the results of these trials have not been
conclusive.
The rate of in-stent restenosis (ISR) after CAS (reportedly,
3–33%) warrants long-term follow up. Age, prior CEA, irradiation, insufficient stent deployment, and systemic diseases such
as dyslipidemia and diabetes mellitus are known risk factors for
ISR.8 In two retrospective studies comparing the ISR during
a 2-year follow-up of stenting with either OCS or CCS in patients with various clinical risk factors, one revealed no difference in stent patency; the other showed higher ISR and more
embolic events after OCS placement than after CCS placement.6,9 These studies evaluated differences due to stent design
between the two groups but not the clinical risk factors of each
patient.
We hypothesized that differences in genetic makeup and
tissue reaction to the different metallic stent designs between
individual patients may influence the long-term outcomes of
stent deployment.10 The possible influence of these inter-individual differences on the evaluation of OCS and CCS therapy
outcomes have not been described before. We designed this
retrospective study to compare OCS therapy outcomes with
CCS therapy outcomes in a group of bilateral carotid stenosis
patients who accepted CAS with OCS in one artery and CCS
in the contralateral artery. We aimed to exclude the influence of
inter-individual differences from this analysis.
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2.4. Statistical analysis

2. METHODS
2.1. Patient selection

This single-center, non-randomized, retrospective study was approved by the institutional review board of our hospital and did
not require informed consents from the patients.
From 2000 to 2016, stent deployment was carried out simultaneously or in stages in 380 patients with severe bilateral
carotid stenosis at our institute by experienced operators (all of
whom had more than 10 years of experience). The indications
for CAS included symptomatic atherosclerotic stenosis of 60%
to 99% and asymptomatic atherosclerotic stenosis of 70% to
99% as determined by the North American Symptomatic Carotid Endarterectomy Trial (NASCET).11 Of the 380 patients,
55 accepted CAS with OCS on one side and CCS on the other.
Three patients were excluded because of loss to follow-up. Totally 52 patients were included in this study.
2.2. CAS Procedure

All of the patients received dual anti-platelet therapy 3 days
before the procedure. The dual antiplatelet therapy lasted 1–2
months post-procedurally and was followed by aspirin indefinitely.
During the procedure, an angiogram of the supra-aortic arteries and bilateral common carotid arteries (Figs. 1A–D) was
followed by placement of a distal embolic protection device
(FilterWire EX/EZ, Boston Scientific, Natick, MA, USA) in
the distal cervical ICA. We used an OCS (either the Precise®
[Cordis, Fremont, CA, USA], Acculink® [Abbott Vascular,
Santa Clara, CA, USA], or Protégé® [ev3, Endovascular, Inc.,
Plymouth, MA, USA]) and a CCS (the Carotid Wallstent®
[Boston Scientific]). The selection of the stents was based on
the vascular anatomy and lesion morphology.12 Successful revascularization was defined as stenting with less than 30% residual
stenosis. After the procedure, the patient was sent to the intensive care unit for observation of at least 24 hours. All technical
complications were recorded.
2.3. Clinical evaluation and imaging follow-up

The demographic data and clinical data including cerebrovascular risk factors, clinical comorbidities of coronary artery disease,
presence or absence of peripheral arterial occlusive disease, and
previous history of radiation therapy of the head and neck cancer were obtained from the medical records of 52 patients (48
males and 4 females). The peri-procedural events (including
any cerebral ischemic insult, acute myocardial infarct, or death
within 30 days of CAS), any recurrent cerebral ischemic symptoms (including stroke attacks), and death during the long-term
follow-up were recorded.
Two neuroradiologists evaluated the images by consensus,
including digital subtraction angiography before and after CAS,
and diffusion-weighted MR exam within 72 hours of CAS to
screen for ischemic spots. Stent patency was established by duplex ultrasound,12 and CTA or MRA was conducted to follow
up the residual or recurrent plaque morphology and thrombus
burden in spite of interference by metallic artifacts especially of
the Cobalt-based alloy stent (Wallstent®)13 (Figs. 1E–H). Catheter angiography remained the gold standard for ISR detection
and was reserved for pre-procedural evaluation.

www.ejcma.org

The data are expressed as absolute values, percentages, median,
and mean values. The categorical data were compared by the
McNemar’s test and Kappa statistics. A p value less than 0.05
was considered significant. SAS (Cary, NC, USA) was used for
all calculations.
3. RESULTS
3.1. Demographics

The demographic characteristics and cerebrovascular risk factors
are shown in Table 1. Fifteen patients had a history of cervical
radiation therapy (XRT) for head and neck cancers.
3.2. CAS procedures

Four patients accepted bilateral CAS in a single procedure and
48 patients accepted bilateral CAS in stages: OCS placement
preceded CCS placement in 15 patients and succeeded CCS
placement in 32 patients, with the interval between the two
procedures being 0–99 months, median 4 months.
OCS were deployed in the right and left carotid arteries in
22 (42%) and 30 (58%) patients, respectively, while CCS were
deployed in the contralateral carotid artery (p = .27). Symptomatic stenosis was treated by OCS placement in 22 patients
and by CCS placement in 29 patients. The follow-up periods
were similar after OCS and CCS placement (1–162, median
30 months, vs 2–150, median 38 months, p = .89). The extent
of carotid stenosis at the OCS and CCS deployment sites was
79±11 (60–99)% and 81±11 (60–99)%, respectively (p = .81).
No tandem lesions were noted. Successful revascularization was
achieved in all patients of both groups except for one patient
who was left with 40% residual stenosis after CCS placement
due to the high risk of hyperperfusion syndrome. Nevertheless,
the artery at the lesion site showed less than 30% residual stenosis in the long-term follow up examination.
3.3. Peri-procedural outcomes

The outcomes of all patients and patients with and without
XRT are summarized in Tables 2-1, 2-2, and 2-3. None of the
patients had symptomatic stroke or acute myocardial infarction or died within the 30-day period after the procedure in
both groups. The rate of ischemic spot development on early
post-procedural diffusion-weighted imaging (ISDWI) seemed
to be higher in the OCS group, but the inter-group difference
was not significant (p = .10).
3.4. Long-term outcomes

Two major cerebrovascular events were found at the sites of
OCS placement during follow-up. One was in a 62-year-old
male patient who had 95% symptomatic stenosis in the right
proximal ICA (which was stented with OCS) and 95% symptomatic stenosis in the left proximal ICA (which was stented
with CCS). About 70% ISR was noted on the right OCS side
and less than 30% ISR was found on the left CCS side at the
five-year follow-up. He had recurrent embolic infarcts and a
major stroke on the right OCS side at nine years after the procedure. The other patient was a 64-year-old male patient who
had a history of irradiation for nasopharyngeal carcinoma. He
had 75% symptomatic stenosis in the left carotid artery and
accepted CAS with OCS, and he had about 30% ISR of the
OCS at the seven-month follow up. He suffered from ipsilateral
major stroke with infarct in the territory of the ipsilateral mid67
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(G)
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(H)

Fig. 1 An 81-year-old male patient with bilateral symptomatic carotid stenosis of about 90% (left side, long arrow in A; right side, long arrow in B). He underwent a two-stage CAS with deployment of CCS on the left side (C, short arrows) and OCS on the right side (D, short arrows). Serial images of the OCS implantation site at the 3-year (E, MRA) and 4-year follow-up (F, CTA) revealed in-stent restenosis of about 30% with neointimal hyperplasia (E-F, dashed arrow).
No ISR was found in the contralateral artery (the site of CCS deployment) at the 3-year (G, MRA), and 4-year follow-up (H, CTA, arrow).
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Table 1

Table 2-2

Demographic features of the 52 patients with bilateral carotid
stenosis who received angioplasty and stenting with open-cell
and closed-cell stents

Outcome of bilateral carotid stenosis in the 15 patients with history of cervical radiation therapy (xrt) who received angioplasty
and stenting with open-cell and closed-cell stents

Variable
43–87 (75)a

Age (y)
Sex: male/female

Open-cell

Closed-cell

6 (40%) /
9 (60%)

9 (60%) /
6 (40%)

Right side /
Left side

48 (92%) / 4 (8%)

Sum

p

15 (100%) /
15 (100%)

.59

Carotid stenosis

Risk factors
Hypertension
Diabetes mellitus

.32

48 (92%)

60–90%

11 (73%)

13 (87%)

24 (80%)

20 (39%)

90–99%

4 (27%)

2 (13%)

6 (20%)

0

3 (33%)

3 (27%)

6 (30%)

1–5

3 (33%)

6 (55%)

9 (45%)

>5

3 (33%)

2 (18%)

5 (25%)

0 (0%)

1 (7%)

1 (3%)

No

9 (60%)

12 (80%)

21 (70%)

< 50%

2 (13%)

1 (7%)

3 (10%)

≥ 50%

4 (27%)

2 (13%)

6 (20%)

Occlusion

0 (0%)

0 (0%)

0 (0%)

1 (7%)

0 (0%)

1 (2%)

a

Dyslipidemia

DWI spots

22 (42%)

Coronary artery disease

24 (46%)

Peripheral arterial occlusive disease

8 (15%)

Smoking

38 (73%)

Previous radiation therapy

Residual stenosis > 30%

15 (29%)

In-stent restenosis

Carotid stenting
a

Severity of stenosis (%)

60–99 (80)
0–99 (4)a

Interval between the two procedures (mo)
a

.57

median

Long-term Cerebrovascular
events

–*
.39

–*

a

Missing data on DWI spots, n = 6 in the open-cell stent group and n = 4 in the closed-cell stent
group; *The p value could not be calculated.

Table 2-3

Table 2-1
Outcome of the 52 patients with bilateral carotid stenosis who
received angioplasty and stenting with open-cell and closed-cell
stents

Right side /
Left side

Open-cell

Closed-cell

22 (42%) /
30 (58%)

30 (58%) /
22 (42%)

Sum

Outcome of bilateral carotid stenosis in the 37 patients without
history of cervical radiation therapy (xrt) who received angioplasty and stenting with open-cell and closed-cell stents

p
Right side /
Left side

52 (100%) / .27
52 (100%)

Carotid stenosis

Open-cell

Closed-cell

Sum

p

16 (43%) /
21 (57%)

21 (57%) /
16 (43%)

(100%) /
(100%)

.41

Carotid stenosis

.81

.78

60–89%

34 (65%)

35 (67%)

69 (66%)

60–90%

23 (62%)

22 (60%)

45 (61%)

90–99%

18 (35%)

17 (33%)

35 (34%)

90–99%

14 (38%)

15 (41%)

29 (39%)

a

DWI spots

a

DWI spots

.10

.23

0

9 (32%)

8 (27%)

17 (29%)

0

6 (32%)

5 (26%)

11 (29%)

1–5

8 (29%)

17 (57%)

25 (43%)

1–5

5 (26%)

11 (58%)

16 (42%)

≥6

11 (39%)

5 (17%)

16 (28%)

>5

8 (42%)

3 (16%)

11 (29%)

0 (0%)

0 (0%)

0 (0%)

25 (68%)

22 (60%)

47 (64%)

In-stent restenosis
No

34 (65%)

34 (65%)

68 (65%)

< 50%

9 (17%)

11 (21%)

20 (19%)

≥ 50%

9 (17%)

7 (13%)

16 (15%)

2 (4%)

0 (0%)

2 (2%)

Long-term Cerebrovascular events
Follow up (months)

1–162 (30)

Death related to cerebrovascular disease
Death not related to cerebrovascular disease

2–150 (38)

1–162 (31)

In-stent restenosis
No
< 50%

7 (19%)

10 (27%)

17 (23%)

≥ 50%

5 (13%)

5 (13%)

10 (13%)

.89

Occlusion

(0%)

0 (0%)

0 (0%)

1 (3%)

0 (0%)

1 (1%)

Long-term Cerebrovascular events

0 (0%)
10 (19%)

–*
.80

–*

a
Missing data on DWI spots, n = 24 in the open-cell stent group and n = 22 in the closed-cell stent
group; *The p value could not be calculated.
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Residual stenosis > 30%

.71

–*

a

Missing data in DWI spots, n = 18 in open-cell stent group and n = 18 in closed-cell stent group;
*The p value could not be calculated.
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dle cerebral artery at the post-procedural ninth-month. There
were no differences in ISR between the OCS- and CCS-stented
arteries in all patients as well as between the XRT and non-XRT
groups (p = .71, .39, .80, respectively). In summation for both
OCS and CCS, the overall ISR was more than 50% in 20 (19%)
CAS patients and less than 50% in 16 (15%) CAS patients.
Although 10 (19%) patients died of non-neurovascular causes,
none died of neurovascular disease.
4. DISCUSSION

In many trials and one meta-analysis, the risk of peri-procedural
stroke and death was higher during CAS than during CEA.14,15
Recent technical improvements in CAS have reduced CAS-associated risk so that now it is comparable with CEA-associated
risk.16 The design of the stent itself (not the cerebral embolic
protection devices) plays an important role in the outcomes
of CAS.3 The risk of embolic events after CAS may be related
to clinically silent ischemic lesions on diffusion-weighted MR
images. While being conformable and tractable, ideal carotid
stents must have sufficient radial force to prevent stent collapse,
and be durable enough to prevent fracture. The open cell stent
(OCS) with large free cell area can navigate more tortuous and
serpentine vessels and will resist shortening unnecessarily due to
its high flexibility. On the other hand, the more tightly woven
closed cell stent (CCS) with smaller free cell area is stiffer and
provides better scaffold support in plaque-burdened areas of
the artery. The outcomes of stent deployment are influenced by
three stent design factors: radial force, size of free-surface area,
and scaffold support.17,18
Theoretically, the smaller free cell area of the CCS should
produce better outcomes with respect to post-procedural embolic events and ISR. CCS placement was associated with
improved outcomes in symptomatic patients in two large retrospective studies.4,19 The use of large-free-cell-area stents in combination with embolic protection devices has been proposed to
reduce the clinical impact of the large embolic particles, escaping these stents, on peri- procedural outcomes.5 Our results revealed a tendency toward higher ISDWI rate in the OCS group
with no significant difference. These results may be related to a
trend toward higher risk of embolic events in the OCS group,
or to a type 2 statistical error given the small sample size. The
use of distal cerebral protection devices in our study as well as
previous studies6 may account for the absence of between-group
differences in post-procedural events. One study comparing
patients with a history of cervical radiation therapy (XRT) (vs
patients with no history) reported no increased morbidity in the
former despite the larger size of the embolic particles captured
by their protection devices.20 In our study of XRT patients, the
rates of embolic events and ISDWI were similar between the
CCS and OCS groups. However, the ISDWI rate tended to be
higher in the OCS group. A randomized prospective study with
a larger sample size is needed for comparing CAS with CCS
and OCS, especially in XRT patients.
Four major factors affect the role that in-stent restenosis (ISR)
plays in long-term safety and efficacy in CAS. These include
the lesion, stent design and materials, the patient, and genetic
factors.21,22 The three phases of ISR are early endothelial injury, granulation tissue formation, and tissue remodeling. The
smooth muscle cells are key elements of neointimal formation
and progression to restenosis.10,23,24 The rate of ISR was reported
to be higher after CAS than after CEA in previous studies,25,26
and similar in CAS with OCS vs CCS despite differences in
70

J Chin Med Assoc

clinical risk factors.6 Our study found similar ISR rates regardless of stent design in the same patients (i.e., under uniform
conditions of pathophysiologic shear and genetic background).
However, major recurrent stroke events occurred in 2 out of 52
patients with 104 treated carotid re-stenoses after CAS; both
occurred on the OCS side, with one implant associated with
severe ISR five years later. These findings suggest that patients
with severe carotid stenosis who accept CAS with OCS deserve
close and long-term post-procedural follow-up. Nevertheless,
we concluded that both OCS and CCS are reliable designs for
CAS in patients with severe carotid stenosis.
The extent of post-radiation carotid stenosis depends on the
area of the previously irradiated region, which may possibly
involve long segments of the internal and common carotid arteries. The exact pathogenesis is still unclear, but endothelium
dysfunction, extensive fibrosis of the arterial wall, intimal proliferation, injury and occlusion of the vasa vasorum as well as
accelerated atherosclerosis may all contribute to carotid stenosis.27 Moreover, increased rate of ISR in CAS patients after XRT
has been widely reported. A large meta-analysis of 533 patients
with carotid stenosis after XRT compared CEA with CAS and
revealed higher rate of ISR > 50% (ranging from 12% to 42%)
and occlusion after CAS, although in most cases, ISR remained
benign and asymptomatic.28 The stent margin restenosis in our
cases may be related to CCS shortening and inadequate OCS
length (maximum, 4 cm). We suggest determining the length
of carotid stenosis in the previously irradiated field before deciding the number of stents to implant. We also suggest close
follow-up of these irradiated patients for early detection of instent and stent margin restenosis.
Limitations of our study were due to its design (i.e., a single-center, non-randomized, retrospective study), which is
prone to bias from selecting stents according to vascular anatomy and lesion morphology. Stent selection on this basis might
bias the outcome. Second, the study size, and therefore the
number of events and outcomes, was too small to demonstrate a
difference between the stent designs. Third, the intra-individual
variability in the interval between placement of the two types
of stents as well as the long study enrollment period resulted in
variation in the design of the deployed stents. Fourth, the ISDWI may have been caused by plaque emboli after stent deployment or by the angiographic procedure during CAS. Moreover,
radiation dosage to the bilateral neck region varied depending
on the previous tumor type and staging. One side may have received a larger irradiation dose, thus affecting the comparison of
post-procedural events including bilateral carotid artery ISR. A
larger, randomized prospective study is needed in the future.
In conclusion, CAS with both OCS and CCS had no significant effect on short-term outcomes and long-term outcomes
in patients with severe carotid stenosis. The study does not
support the superiority of a specific carotid stent cell design as
assessed by the rates of periprocedural cerebral ischemic insult,
long-term stent patency, and stroke recurrence. We suggest both
OCS and CCS are feasible CAS options for treating patients
with severe carotid stenosis.
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Abstract
Background: Post-LASIK corneal conditions cannot be accurately measured by traditional optometric approaches. Therefore,
we aimed to analyze the agreement of two rotating Scheimpﬂug cameras in corneal assessment.
Methods: Fifty otherwise healthy volunteers who had undergone LASIK were recruited in this study. The values of mean and
central total corneal power (TCP), including TCP1, TCP2, and TCP-IOL, were measured by GALILEI Scheimpﬂug camera. The
values of total corneal refractive power (TCRP) readings at both 2 mm ring and 3 and 4 mm zones were detected by Pentacam
Scheimpﬂug camera. Central corneal thickness (CCT) and thinnest corneal thickness (TCT) were quantiﬁed by GALILEI and
Pentacam respectively. Paired t -tests and Bland–Altman analyses were used to evaluate statistical differences between measurement results obtained by GALILEI and by Pentacam.
Results: Among these 50 subjects, the mean and central TCP1 values (37.31 ± 2.61 and 37.27 ± 2.64) derived from GALILEI
measurements were consistent with the TCRP values (37.08 ± 2.76, 37.11 ± 2.74, and 37.19 ± 2.68; p > 0.05) determined by
Pentacam at the 2 mm ring apex, 3 mm zone apex, and 4 mm zone apex. There were no statistically signiﬁcant differences in
central corneal thickness (CCT) values measured by the two cameras (463.64 ± 55.67 μm for GALILEI and 470.69 ± 44.04 μm
for Pentacam, respectively; p > 0.05). However, the limits of agreement were wide when comparing mean TCP1 (–1.4 to 1.8 D,
–1.4 to 1.8 D, and –1.3 to 1.6 D), central TCP1 (–1.2 to 1.6 D, –1.2 to 1.6 D, and –1.2 to 1.4 D) and CCT (–77.2–63.0 μm).
Conclusion: Corneal power and corneal thickness are disparate post-LASIK evaluation parameters when comparing the utility
of GALILEI with that of Pentacam.
Keywords: Corneal power; Corneal thickness; GALILEI; Laser-assisted in situ keratomileusis (LASIK); Pentacam

1. INTRODUCTION

Accurate corneal assessment, including measurements of corneal
refractive power, corneal shape, and corneal thickness, is crucial
before cataract and refractive surgery. Generally, a keratometry
or corneal topography system is used to measure the anterior
corneal curvature.1 The refractive power of the entire cornea
can be determined by measuring the anterior corneal curvature,
together with the hypothetical standard keratometric refractive
index of 1.3375.2 In this regard, the standard keratometric
refractive index is based on the assumption that the normal
cornea maintains a relatively constant thickness and that the
relationship between the curvatures of anterior and posterior
surfaces remains constant.3 Therefore, this simple calculation
is applicable for patients who have not undergone previous
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corneal surgery. For patients who previously underwent LASIK
treatment or other corneal operations, the curvature of the anterior corneal surface cannot be precisely measured; in addition,
the standard corneal refractive index is not applicable. Both of
these measurement complications are obstacles when conducting post-LASIK calculation of intraocular lens power for cataract surgery.4 Therefore, many researchers have endeavored to
develop more reliable approaches that precisely measure corneal
conditions before and after LASIK. Several methods utilize a
modern optical apparatus to calculate the true refractive power
and curvature of the cornea. These approaches calculate the total corneal refractive power by measuring the corneal curvature
of both anterior and posterior surfaces. Thus far, several imaging
techniques, including slit-scanning tomography, Scheimpflug
photography, and optical coherence tomography, are available
for such measurement.8,14,15
Currently, several studies have shown profound clinical applications for the Pentacam (a single rotating Scheimpflug camera;
Oculus Optikgeräte GmbH, Wetzlar, Germany) in measuring
corneal thickness; these investigations have provided valid definitions of the derived corneal refractive powers, including total
corneal refractive power (TCRP) (i.e. corneal power determined
by ray tracing) and true net power (TNP) (i.e. corneal power
calculated by using the Gaussian optics formula).4,5 However,
there have a few reports regarding potential applications of the
newer biometer GALILEI G6 (a dual rotating Scheimpflug
imaging system; Ziemer Ophthalmic System AG, Zurich, Switwww.ejcma.org
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zerland) in measuring total corneal power (TCP) and TCP-intraocular lens (TCP-IOL) values. The aim of this study was to
identify the corneal power parameters of Pentacam that were
in agreement with those of GALILEI G6. Because previous
studies have indicated that the total corneal refractive powers
(TCRP) of Pentacam, measured at points whose radii from the
center are 3 and 4 mm zones, respectively, and 2 mm ring apex,
are more representative of the true refractive power following
LASIK treatment,4-6 we aimed to further identify which corneal
power parameters of GALILEI G6 can provide TCRPs that are
in greatest agreement with those of Pentacam readings at the 3
and 4 mm zones and 2 mm ring. Additionally, values of central
corneal thickness (CCT) and thinnest corneal thickness (TCT)
were compared between the two machines.
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for TCP2) is used to convert ray-traced focal length to power.
When determining focal length, the defined reference plane
for both is the anterior corneal surface. The value of TCP-IOL
is calculated by using the aqueous index of refraction (naqueous
humor = 1.336). The posterior corneal surface is regarded as the
reference plane when determining the focal length of TCPIOL. TCP data derived from the GALILEI G6 measurement
were compared with those of Pentacam readings at 3 and 4 mm
zones and at the 2 mm ring. Additionally, CCT and TCT were
compared between the two machines. Paired t-tests were used to
analyze statistical differences between Pentacam and GALILEI
G6 measurements; Bland–Altman analyses were used to validate
agreement between the two measurements.8
3. RESULTS

2. METHODS
2.1. Subjects

Volunteers who had previously undergone LASIK surgery and
who matched the following criteria were recruited as subjects
of this study: (1) more than 6 months had elapsed from the
completion of LASIK surgery; (2) they were otherwise healthy
adults (without any prior intraocular operations) older than 20
years of age; (3) they did not wear contact lenses within 2 weeks
prior to the examination; (4) they had no difficulty cooperating
during the evaluation. These subjects were publicly and fully
informed of the details pertaining to this study and provided
written consent. The institutional review board at our center
approved this study.
2.2. Study design

Unassisted vision and optimally corrected vision in both eyes of
the subjects were evaluated by an experienced optometrist. Subjects underwent slit-lamp examination to assess their corneal
conditions, as well as their levels of eyelid tightness. This examination was followed by a dilated-pupil fundus exam to inspect
whether the subjects had retinal or vitreous diseases. Subjects
that met the recruitment conditions then underwent Pentacam
and GALILEI G6-based corneal assessments as follows.
The inspection was performed in a dark environment; the
camera sequence was randomly determined. Subjects were asked
to blink their eyes and administer artificial tears to each eye prior to measurement. Each machine assessed the right eye of each
subject; the maximum inspection period was approximately 30
min. Quality values for each measurement were shown on both
machines. For GALILEI G6 measurements, the components
included: motion compensation, Placido, Scheimpflug, and
motion distance, which were used to evaluate its quality values.
Regarding the Pentacam-based measurement, the apparatus was
set to a “25-picture scan” mode, as described previously.7 To
reduce errors attributed to anthropic factors, the auto mode of
photography was selected.
2.3. Evaluation and statistics

In order to identify which parameters of GALILEI G6 resulted
in total corneal refractive powers that strongly accorded with
those of Pentacam readings at 3 and 4 mm zones and at the
2 mm ring, the following parameters for the right eye were
separately measured by the GALILEI G6: average TCP over
the central 4-mm area, mean TCP, and TCP-IOL. The TCP is
divided into two types, TCP1 and TCP2, on the basis of which
refractive index (ncornea = 1.376 for TCP1; naqueous humor = 1.336

A total of 50 otherwise healthy volunteers who had undergone
LASIK and met the inclusion criteria were enrolled in this
study. Patient characteristics are shown in Table 1. First, the
average TCP over the central 4-mm area, mean TCP, and TCPIOL for the right eyes were measured by the GALILEI G6
system; TCRP values at the 2 mm ring apex, 3 mm zone apex,
and 4 mm zone apex were evaluated by the Pentacam system.
The mean values of each measurement item ± its standard deviation are shown in Table 2. When comparing data derived from
GALILEI G6 measurements with those from Pentacam measurements, we found that mean and central TCP1 values alone
were consistent with TCRP values. In contrast, the mean/central TCP2 and TCP-IOL values were significantly lower than
the TCRP values at the 2 mm ring apex, 3 mm zone apex, and
4 mm zone apex (P < 0.001). However, Bland–Altman plots
of the mean and central TCP1 values (Fig. 1A,B, respectively)
demonstrated that the limits of agreement were wide when
compared with TCRP values at the 2 mm ring apex, 3 mm zone
apex, and 4 mm zone apex (3.2D, 3.2D, and 2.9D; 2.8D, 2.8D,
and 2.6D, respectively); thus, the two measurements exhibited
poor agreement with each other.
Second, we attempted to compare the agreement of corneal
thickness detected by the GALILEI G6 and Pentacam systems.
As indicated in Table 3, the average CCT (obtained by GALILEI G6 measurement) of the 50 subjects was 463.64 ± 55.67
mm. Notably, the CCT and TCT values by Pentacam analysis
were slightly greater than those from the GALILEI analysis.
Nevertheless, paired t-test analyses showed no significant differences in average CCT values between the two datasets. However, Bland–Altman plots of the CCT and TCT values (Fig. 2A,B,
respectively) demonstrated that the limits of agreement were
wide when the two measurements were compared (140.2 μm
and 44.9 μm, respectively). Altogether, our study demonstrated
that the corneal refractive power parameters of GALILEI G6

Table 1
Patient characteristics.
Characteristic Item
Gender (Male: Female)
Age (Mean ± SD), yr
Baseline manifest refractive error (SE) (D)
Surgical induced refractive change (SIRC) (D)
Baseline VA (logMAR)

Description
15:35
36 ± 12 (21–59)
–6.09 ± -2.81 (-2.5 to–12.5)
5.63 ± 2.36 (2.5–11.75)
–0.04 ± 0.09 (–0.176 to 0.2)

M ± SD = Mean ± standard deviation.
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Table 2
The comparison of the GALILEI G6-derived central and mean TCP/TCP-IOL values of the subjects’ right eye with Pentacam-derived
TCRP values of the same eye.
GALILEI (n = 50)

M ± SD

TCP 1 Mean

37.31 ± 2.61

TCP 1 Central

TCP 2 Mean

TCP 2 Central

TCP IOL Mean

TCP IOL Central

a

37.27 ± 2.64

36.23 ± 2.53

36.19 ± 2.56

36.70 ± 2.63

36.66 ± 2.66

Pentacam (n = 50)

M ± SD

t

a

p

TCRP 3 mm zone apex

37.11 ± 2.74

–1.8

0.078

TCRP 4 mm zone apex

37.19 ± 2.68

–1.2

0.237

TCRP 2 mm ring apex

37.08 ± 2.76

–2.02

0.049

TCRP 3 mm zone apex

37.11 ± 2.74

–1.62

0.111

TCRP 4 mm zone apex

37.19 ± 2.68

–0.9

0.371

TCRP 2 mm ring apex

37.08 ± 2.76

–1.87

0.067

TCRP 3 mm zone apex

37.11 ± 2.74

7.58

< 0.001

TCRP 4 mm zone apex

37.19 ± 2.68

9.04

< 0.001

TCRP 2 mm ring apex

37.08 ± 2.76

7.21

< 0.001

TCRP 3 mm zone apex

37.11 ± 2.74

8.91

< 0.001

TCRP 4 mm zone apex

37.19 ± 2.68

10.59

< 0.001

TCRP 2 mm ring apex

37.08 ± 2.76

8.48

< 0.001

TCRP 3 mm zone apex

37.11 ± 2.74

3.64

< 0.001

TCRP 4 mm zone apex

37.19 ± 2.68

4.75

< 0.001

TCRP 2 mm ring apex

37.08 ± 2.76

3.33

< 0.001

TCRP 3 mm zone apex

37.11 ± 2.74

4.53

< 0.001

TCRP 4 mm zone apex

37.19 ± 2.68

5.8

< 0.001

TCRP 2 mm ring apex

37.08 ± 2.76

4.17

< 0.001

Paired t test; M ± SD = Mean ± standard deviation.

(central TCP1 and mean TCP1) are consistent with, but not
identical to, the TCRP readings of Pentacam at 3 and 4 mm
zones and at the 2 mm ring. Furthermore, CCT is the most
consistent (but not identical) measurement item between the
two apparatuses GALILEI G6 and Pentacam for examination of
the corneal thickness of subjects who had undergone LASIK.
4. DISCUSSION

Corneal assessment is a prerequisite process prior to refractive
and cataract surgery. However, corneal power calculation after
LASIK remains a challenging task. With the advancement of
corneal tomography technology, new measurement approaches
have gradually replaced traditional automatic optometry instruments or topography systems. In this study, we measured the
agreement of post-LASIK corneal power and corneal thickness
measurements by two modern corneal tomography systems–
GALILEI G6 and Pentacam–and showed that the values of
TCP1 and TCPR and those of both CCT measurements were
not significantly different, but were not identical. Therefore,
we suggest that the post-LASIK refractive power and corneal
thickness measured by GALILEI and Pentacam are sufficiently
disparate that the two devices cannot be regarded as identical.
Currently, there are several correction approaches regarding
preoperative evaluation of crystalline lens cornea for cataract
surgery in patients who have undergone LASIK treatment. For
example, pre-treatment refractive power, as well as thickness
and curvature changes following corneal incisions, are used to
perform post-operative calculation of the total corneal refractive
power (TCRP) after LASIK treatment.5 The disadvantage of
this method is the lack of pre-operative information (i.e., prior
to LASIK treatment). An alternative approach is to conduct
regulation analysis by using the Koch and Wang method, or the
74

Shammas method, to calculate the corrected corneal refractive
power.9,10 A comparatively more popular approach recognized
by clinical physicians, due to its good precision and reliability,
is to use regression analysis to design a new intraocular lens
power formula (e.g., Shammas post-LAISK formula and the
most well-known Hagis-L formula). 11-13 However, the true
refractive power cannot be acquired by these methods. There
are several other methods that utilize a more updated optical
apparatus to calculate the true refractive power and curvature of
the cornea. This approach can calculate the total corneal refractive power by measuring the corneal curvature of both anterior
and posterior surfaces. Currently, several imaging techniques,
including slit-scanning tomography, Scheimpflug photography, and optical coherence tomography, are available for such
measurements.8,14,15 A growing body of literature has attempted
to address the repeatability and reproducibility of these newer
corneal tomography machines, as well as their comparability
(regarding the corneal refractive power and curvature) with traditional optometry instruments or topography systems.2,8,16-18
Subjects in these studies primarily comprise healthy individuals
who have not undergone corneal operations. A minority of
these subjects have received corneal refractive surgery and exhibit corneas that are thin with a cone-like bulge. Many studies
aimed to determine how to measure the true refractive power of
the entire cornea; the recent advancement of corneal topography systems (e.g., Pentacam and GALILEI) has provided a new
perspective.
Pentacam is an earlier developed technique that uses rotating
Scheimpflug photography to perform corneal assessment.19 A
number of previous studies have indicated high repeatability
and reproducibility of the Pentacam measurement, regardless of
the study population. It has been noted that the total corneal
refractive power through the Pentacam ray-tracing method,
www.ejcma.org
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Fig. 1 Bland–Altman plots showing the agreement between (A) GALILEI-derived mean TCP1 (TCP1 Mean G) vs. Pentacam-derived TCRP [reading 2 mm ring
apex (TCRP 2 mm ring P), 3 mm zone apex (TCRP 3 mm zone P), and 4 mm zone apex (TCRP 4 mm zone P)] and (B) GALILEI-derived central TCP1 (TCP1
Central G) vs. Pentacam-derived TCRP (reading 2 mm ring apex, 3 mm zone apex, and 4 mm zone apex). Bold line = mean of the difference between the
two methods; broken line = 95% limits of agreement.

Table 3
The comparison of the central corneal thickness (CCT)/thinnest corneal thickness (TCT) values of the subjects’ eyes between the
GALILEI G6 and Pentacam measurements.

a

a

Ocular position

GALILEI (n = 50)

M ± SD

Pentacam (n = 50)

M ± SD

t

Right

CCT

463.64 ± 55.67

CCT

470.69 ± 44.04

1.38

0.174

p

Right

TCT

461.40 ± 56.04

TCT

471.29 ± 48.16

5.98

< 0.001

Paired t test; M ± SD = Mean ± standard deviation.
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Fig. 2 Bland–Altman plots showing the agreement between (A) central corneal thickness (CCT) and (B) thinnest corneal thickness (TCT) measurements (in
micrometers) obtained by the two tomography devices: GALILEI (CCT G and TCT G) and Pentacam (CCT P and TCT P). Bold line = mean of the difference
between the 2 methods; broken line = 95% limits of agreement.

measured at the corneal radius of 2, 3, and 4 mm, is more
representative of the post-LASIK refractive power of the cornea.4-6 GALILEI G6, which utilizes the Placido disccombined
rotating dual-Scheimpflug photography, is a measurement
that can acquire more precise parameters between anterior and
posterior corneal surfaces. A previous study has shown that
GALILEI G6-based measurement can acquire highly repeatable
and reproducible data, regardless of whether the subjects have
undergone LASIK treatment.20,21 Furthermore, a study showed
that the accuracy of the total corneal power and simulated
keratometric value derived from GALILEI G6 is statistically
equivalent to that of related corneal values demonstrated by the
traditional corneal topography apparatus.22 Nevertheless, the
subjects of this study were ophthalmology patients who had not
undergone corneal operations, and the authors did not indicate which total corneal power parameters (TCP1 and TCP2,
or central TCP and mean TCP) were measured in their study.
With respect to the comparison between the two apparatuses
(Pentacam and GALILEI G6), a study demonstrated that both
measurements can acquire highly repeatable and reproducible
data for individuals who have not undergone corneal surgery.
However, Pentacam can allow for more precise measurement of
corneal curvature and refractive power, compared with GALILEI G6.23 Crawford et al. performed a comparison of corneal
power measurements obtained by Orbscan II, Pentacam, and
GALILEI corneal tomography systems; they concluded that the
corneal parameters (e.g., keratometry and corneal thickness)
derived from these measurements cannot be regarded as identical.8 Further, GALILEI measurement acquired the most highly
repeatable data as compared to the other ones; the subjects of
this research also did not undergo corneal surgery. Likewise, Jay
et al. compared the measurements carried out in keratoconus
patients by Orbscan, Pentacam and GALILEI machines, and
suggested that both Pentacam and GALILEI measurements
exhibit high reproducibility, though are incapable of producing
identical numerical values of the corneal parameters.24 In this
study, our data showed that the TCP derived from GALILEI
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measurement was not agreeable with that from Pentacam measurements, indicating that GALILEI and Pentacam are not interchangeable for post-LASIK evaluation.
Corneal thickness is an important post-LASIK corneal parameter. It also plays a crucial role in risk assessment before
undergoing correction of intraocular pressure and second-time
corneal refractive surgery.25 The numerical items of corneal
thickness demonstrating clinical significance include CCT and
TCT. The gold-standard approach used to measure the thickness of cornea is contact ultrasound pachymetry. However, the
external ultrasound probe must contact the patient’s cornea;
therefore, this procedure potentially results in bacterial infection. It does not measure the true value of CCT, but offers an
indirect surrogate approach. In addition, it results in a greater
range of variation in different subjects.26 Currently, researchers
have dedicated to identify alternative methods that can replace
ultrasound pachymetry to measure corneal thickness. Dalraj et
al. have suggested that Pentacam tomography is comparatively
more advantageous than ultrasound pachymetry in measuring
the corneal thickness of the individuals who have undergone
corneal refractive surgery or display corneal opacity; it also
results in smaller erroneous deviation between examinees. 26
Several previous studies have demonstrated that both Pentacam
and GALILEI measurements result in highly repeatable and reproducible data with respect to the corneal thickness in subjects
before and after undergoing corneal refractive surgery.4,16,27 Park
et al. have explored the difference in results of corneal thickness
measured by Orbscan, GALILEI, and Pentacam, and compared
such data with that derived from ultrasonic measurement. They
concluded that both GALILEI and Pentacam measurements,
in different subject types, provide comparable results, which
are statistically consistent with those measured by ultrasonic
pachymetry.7 In our study, however, our data suggested that neither CCT nor TCT is an agreeable parameter when performing
measurements in patients who have undergone LASIK treatment.
The limitation of our study is that we only measured once in
www.ejcma.org
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each machine, which may lead to an erroneous result. However, several previous studies have indicated high repeatability of
the Pentacam and Galilei measurement, regardless of the study
population.4-6,20,21 Thus, the error may be small. Further, we did
not compare to the gold standards for corneal tomography and
pachymetry measurements, which may greatly influence the
interpretation of the differences between these two machines;
currently, it is not appropriate to state which device has the
most accurate measurements. Further investigations would help
to clarify this problem.
In conclusion, in this study, we showed that the data obtained from GALILEI measurements were not identical to those
from Pentacam measurements, when assessing post-LASIK patients. This indicates that GALILEI and Pentacam are not interchangeable for post-LASIK evaluation. Further studies regarding which measurement can more precisely reflect the changes
in corneal power before and after LASIK treatment must be
performed.
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Abstract
Background: Pulse diagnosis researches acquiring pulse waves from the wrist radial artery has not yet addressed the issue of
whether this information is affected by differences in the hemodynamic characteristics of pressure waves derived from different
locations. This study aimed to clarify whether the blood dynamic states are identical with regard to the “three positions and nine
indicators” ( 三部九候 ) listed in traditional Chinese medicine (TCM).
Methods: A total of 37 participants of CAD group and 20 participants of healthy group were recruited, and pressure pulse
waves were measured at 18 locations on both hands. A multivariate analysis (MANOVA) was performed with a “randomized
block design” using SPSS 22.0 and R 3.4.1 to examine the time-domain parameters that represented certain hemodynamic
characteristics.
Results: In CAD group, the results showed signiﬁcant differences (p < 0.05) among the h1, h2, h3, h1/t, and h3/h1 measurements of the pulse waves using different indicators at the same position; the h1, h2, h3, and h1/t measurements of the pulse
waves at different positions using the indicator “Superﬁcial”; and the h1, h2, h3, h1/t, and h3/h1 measurements of the pulse
waves at different positions using the indicator “Medium”. In healthy group, the results showed signiﬁcant differences (p < 0.05)
among the h1, h2, h3, and h1/t measurements of the pulse waves using different indicators at the same position; the h1, h2,
and h1/t measurements of the pulse waves at different positions using the same indicator.
Conclusion: Because of the differences in the hemodynamic characteristics among the different positions and indicators, the
article might provide a new opinion for future pulse diagnosis investigations to carefully consider the measurement location to
ensure the completeness of the information.
Keywords: Hemodynamic; Measurement; Pulse diagnosis; Time-domain; Traditional Chinese medicine (TCM)

1. INTRODUCTION

The “pulse diagnosis” of traditional Chinese medicine (TCM)
refers to the diagnosis reached when a physician uses three fingers at three positions, i.e., Inch ( 寸 ), Bar ( 關 ), and Cubit ( 尺 )
of the patient to perceive the pulse by pressing on three indicators, i.e., Superficial ( 浮 ), Medium ( 中 ), and Deep ( 沈 ), to
simultaneously observe the physiological or pathological conditions of different organs from different levels and depths.1 This
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method is derived from the positioning method of the “three
positions and nine indicators” of TCM.2
Modern pulse diagnosis researches have been performed using a “pulse wave instrument”3-5 that applies a pressure sensor
on the skin surface of the radial artery at the wrist to sense the
pulse to analyze the physiologic or pathologic condition. Different ways coexist to choose the measurement location: (1) single
location, e.g., Inch5,6 or Bar3,7; (2) three locations8; (3) shallower
locations9; and (4) deeper locations.10 However, there is still
doubtful about whether the pulse obtained at a single or three
locations could represent the others.
Because the changes in the sphygmograms and the time-domain parameters reflect the signals of blood pressure waves,
a time-domain analysis can address patients’ physiological or
pathological states from a hemodynamic perspective.11-14
The positioning of TCM pulse diagnosis is derived from the
“three positions and nine indicators”, whereas modern pulse
diagnosis researches can have many methods, it is necessary to
use experimental data to address whether the hemodynamic
states at different locations of the wrist radial artery are idenwww.ejcma.org
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Fig. 1 Time-domain diagram and parameters of the wrist radial arterial wave. P-wave = percussion wave; h1 = the height of the P-wave, representing the
vertical distance from the peak of the P-wave to baseline; T-wave = tidal wave; h2 = the height of the T-wave, representing the vertical distance from the peak
of the T-wave to baseline; V-wave = valley wave; h3 = the height of the V-wave, representing the vertical distance from the valley of the V-wave to baseline;
D-wave = dicrotic wave; h4 = the height of the D-wave, representing the vertical distance from the peak of the D-wave to the valley of the V-wave; t = rapid
ejection period, representing the time it takes for the blood to reach the peak of the P-wave after the left ventricle pumps it into the aorta through contraction;
h1/t = the rising slope of the P-wave; AIx (Radial artery augmentation index) = h2/h1 in a percentage; relative height of the V-wave = h3/h1; relative height of
the D-wave = h4/h1.

tical to specifically serve as a pilot study on the selection of
measurement location, and make the linkage of physiologic or
pathological status analysis and future pulse diagnosis research
be possible.
2. METHODS
2.1. The time-domain parameters of the pulse wave and
their hemodynamic meanings

As the left ventricle contracts to pump blood into the aorta, it
enters the “rapid ejection period” in which the blood affects vessels, and the first pulse pressure wave formed is the percussion
wave (P-wave). The P-wave has the highest amplitude in the
entire sphygmogram. The partial blood reflux then affects the
vessel to create the second pressure wave called the tidal wave
(T-wave). When the aortic valve suddenly closes during the
early stage of ventricular diastole, blood reflux affects the aortic
valve and generates rebounding blood flow to affect the blood
vessels so that the vessels expand slightly, forming a pressure
wave called the dicrotic wave (D-wave). The descending branch
of the T-wave and the ascending branch of the D-wave constitute a downward waveform called the valley wave (V-wave), the
bottom of which is the boundary of systolic and diastolic blood
pressure.5,15-18
In a time-domain analysis, in addition to h1, h2, h3, and h4,
other common parameters include the following:5,17,19
(1) The rising slope of the P-wave. The ratio of the height of
the P-wave to the time of the rapid ejection period is represented by h1/t. Studies showed that h1/t is related to
www.ejcma.org

the pumping capacity of the heart, blood vessel elasticity,
and blood viscosity.5,17
(2) Radial artery augmentation index. The ratio of the height
of the T-wave to the height of the P-wave in a percentage
is represented by AIx, which indicates the sclerosis level
of the blood vessels.17,20
(3) Relative height of the V-wave. The ratio of the height of
the V-wave to the height of the P-wave in a percentage
is represented by h3/h1. Studies have shown that h3/h1
reflects peripheral vascular resistance and blood viscosity.16,17
(4) Relative height of the D-wave. The ratio of the height of
the D-wave to the height of the P-wave in a percentage is
represented by h4/h1, which can reflect the elasticity of
the arterial wall and the function of the aortic valve.16,21
The pulsation changes recorded at the wrist radial artery are
shown in Fig. 1.
2.2. Recruitment of test participants

In order to verify whether the hemodynamic characteristics are
consistent at different locations, we recruited two groups of participants.
2.2.1. CAD group

This part was conducted from July 2011 to October 2012 as a
ub-project under the “Pulse Spectrum Analysis to Aid Diagnosis of Coronary Artery Disease” study. For inclusion, the participants had to be at least 18 years of age, male or female, who
sought treatment for chest pain or angina and needed to be
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hospitalized for further examination. Patients with acute myocardial infarction, arrhythmia, heart valve disease, cancer, severe
infection, pregnancy, severe mental illness, or those for whom
radial artery pulse could not be measured were excluded. The
Institutional Review Board (IRB) for human subjects approved
the content of this research project (Case #: TSGHIRB 100-05016).
2.2.2. Healthy group

This part was conducted in June 2018. For inclusion, the participants had to be at least 20 years old, male or female, and
disease-free (No hypertension, no diabetes, no medication, no
chronic disease.) The IRB approved the content of this research
project (Case #: CMUH107-REC2-088).
2.3. Instrument

The instrument used to measure pulse waves was the PDS-2010
Skylark Pulse Analysis System (developed by Cologne Technology Co., Ltd., Taiwan; Ministry of Health and Welfare medical
equipment license number 003627). The main components
of the instrument included the measurement and signal units.
By measuring the horizontal and vertical sliding on X-, Y-, and
Z-axes of the measurement unit, the pulse waves on the horizontal and vertical planes were determined based on the analogous electrical signals of the wrist artery waves acquired through
a single probe with a high-fidelity pressure sensor that was vertically pressed on the wrist. Then, the analogous electrical signals
were converted into digital data and stored on a computer.

Fig. 2 Schematic diagram of the “three positions and nine indicators”. The
abbreviations for the “three positions and nine indicators” are as follows: SRI
= Superﬁcial indicator within the right Inch ( 右寸浮 ); MRI = Medium indicator within the right Inch ( 右寸中 ); DRI = Deep indicator within the right Inch
( 右寸沈 ), SRB = Superﬁcial indicator within the right Bar ( 右關浮 ), MRB =
Medium indicator within the right Bar ( 右關中 ); DRB = Deep indicator within
the right Bar ( 右 關 沈 ); SRC = Superﬁcial indicator within the right Cubit
( 右 尺 浮 ); MRC = Medium indicator within the right Cubit ( 右 尺 中 ); DRC
= Deep indicator within the right Cubit ( 右尺沈 ); SLI = Superﬁcial indicator
within the left Inch ( 左寸浮 ); MLI = Medium indicator within the left Inch ( 左
寸中 ); DLI = Deep indicator within the left Inch ( 左寸沈 ); SLB = Superﬁcial
indicator within the left Bar ( 左 關 浮 ); MLB = Medium indicator within the
left Bar ( 左關中 ); DLB = Deep indicator within the left Bar ( 左關沈 ); SLC =
Superﬁcial indicator within the left Cubit ( 左尺浮 ); MLC = Medium indicator
within the left Cubit ( 左尺中 ); and DLC = Deep indicator within the left Cubit
( 左尺沈 ).

2.4. Operational definition of the “three positions and nine
indicators”

According to the theory of pulse diagnosis, the “three positions
and nine indicators” refer to those at the pulsating location of
the wrist radial artery in the direction from the wrist to the
elbow. The wrist area is divided into three positions, i.e., Inch
( 寸 ), Bar ( 關 ), and Cubit ( 尺 ), whereas each position is divided into three indicators, i.e., Superficial ( 浮 ), Medium ( 中 ),
and Deep ( 沈 ) in the vertical direction, thereby giving rise to
nine indicators. Together, these elements are called the “three
positions and nine indicators.”22 A total of 18 indicators exist
across both hands (see Fig. 2).
Following the idea of the “three positions and nine indicators”, the operational definitions for the three positions (i.e.,
Inch, Bar, and Cubit)23 mean the full length of the forearm is
equally divided into 100 units. In the direction from the wrist
to the elbow, starting from Unit 2, the Inch, Bar, and Cubit
each sequentially occupy 6, 6, and 7 units, respectively, stopping at Unit 20. For the operational definitions of three indicators (i.e., Superficial, Medium, and Deep), pressures across
three weight ranges (i.e., 0–50 g, 50–90 g, and 90–120 g) were
exerted downward by the instrument probe, and the depth that
led to the most distinct pulse wave was assigned to each of the
indicators.
2.5. Research procedure

All of the procedures were conducted in a bright and quiet
room, and the room temperature was kept between 25 °C and
26 °C. A well-trained researcher conducted all of the procedures
using the same instrument to avoid the measurement error. The
researcher described the experiment process to the participants
and asked them to sign the consent form. All participants were
allowed to rest for 10 min before the pulse measurement. Then,
80

Fig. 3 The actual measurement condition (e.g., “Superior indicator within the
left Bar [SLB]”).

the researcher marked “Inch”, “Bar”, and “Cubit” on both arms
of the participants. Next, the participants ’ hands were placed
on the platform of the instrument, and the X-, Y-, and Z-axes
were slid according to the operational definition. Measurements
on a total of 18 locations were sequentially performed of the
SRI, MRI, DRI, SRB, MRB, DRB, SRC, MRC, DRC, SLI,
MLI, DLI, SLB, MLB, DLB, SLC, MLC, and DLC, and the
data were saved to the computer. The following step was to
process the data. The actual measurement condition is shown in
Fig. 3.
2.6. Statistical analysis and method

Two types of statistical analysis software, SPSS 22.0 and R 3.4.1,
were used to analyze the data. The basic information of the
www.ejcma.org
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participants is presented in the form of descriptive statistics, including qualitative indicators such as age, height, weight, and so
on. Continuous variables are presented as means ± standard deviations (ranges). Because the various unknown differences present among different participants might affect the test results, in
examining whether the timedomain parameters are similar for
different indicators at the same position and different positions
using the same indicators, a randomized block design was implemented to facilitate a multivariate analysis (MANOVA)24,25
in which different participants were regarded as a “block” (i.e.,
as an independent variable), whereas each of the time-domain
parameters was viewed as another independent variable, so that
the parameters of the time-domain could be compared between
different “subject blocks”, different positions, or different indicators. p-value <0.05 was considered as significant.
3. RESULTS
3.1. Basic information
3.1.1. CAD group

A total of 37 participants who met the inclusion criteria were
included and received pulse wave measurements over the three
positions and nine indicators on both hands. Participant age,
height, weight, and body mass index (BMI) were 59.54 ± 10.22
(36.25–78.25) years old, 166.59 ± 8.62 (150–194) cm, 71.96
± 10.87 (54–100) kg and 25.91 ± 3.24 (20.19–32.66) kg/m2,
respectively.
3.1.2. Healthy group

A total of 20 participants who met the inclusion criteria were
included. Participant age, height, weight, and body mass index

(BMI) were 44.00 ± 13.27 (25.00–65.00) years old, 166.40 ±
8.80 (149–183) cm, 66.95 ± 11.40 (48–91) kg and 24.10 ± 3.04
(18.10–29.71) kg/m2, respectively.
3.2. CAD group: analysis of the time-domain of different indicators at the same position

In Table 1, take the first row as an example: The first straight
column indicates the time-domain parameter items (h1). The
second straight column includes two items. The upper item
means after the randomized block design, each participant is
treated as a “block”, so 37 participants have a total of 37 blocks.
The lower item “S/M/D” refers to the three indicators (i.e., “superficial”, “medium” and “deep”) at the same position, so there
are three variables. The third straight column: The item in the
upper half is the degree of freedom of the “block”, and the item
in the lower half is the degree of freedom of the three indicators
(S/M/D). The fourth to the ninth straight columns present the
data at the positions of the “right inch” to the “left cubit”.
As Table 1 shows in the case of the right Inch, significant
differences were found with regard to the subject block for h1,
h2, h3, h1/t, and h4/h1. Regarding the three indicators (i.e.,
Superficial, Medium, and Deep) of the right Inch, significant
differences were found for h1, h2, h3, and h1/t. These results
indicate that in the right Inch, 37 subject blocks exhibited differences with regard to h1, h2, h3, h1/t, and h4/h1, whereas
for the three indicators (i.e., Superficial, Medium, and Deep),
the participants’ time-domain parameters were not all the same;
therefore, the pulse waves of the right Inch at the indicators
Superficial, Medium, and Deep showed different time-domain
characteristics. Similarly, neither the subject blocks nor the
time-domain parameters of the indicators Superficial, Medium,
and Deep, the results of MANOVA were not identical at right

Table 1
Differences among the time-domain vectors of the superficial, medium, and deep measurements at the right Inch, right Bar, right
Cubit, left Inch, left Bar, and left Cubit (CAD group).
Right
Time-domain parameters
h1
h2
h3
h4
h1/t
AIx
h3/h1
h4/h1

Bar

Left

Variables

Degrees of freedom

Inch

Cubit

Inch

Bar

Cubit

F-value

F-value

F-value

Block

36

3.62520*

6.34426*

4.43507*

F-value

F-value

F-value

3.88133*

3.36991*

S/M/D

2

37.23918*

80.72952*

87.98572*

44.37597*

6.12787*

93.05703*

104.47439*

Block

36

3.67756*

7.14596*

2.85158*

3.70452*

2.55402*

4.62128*

S/M/D

2

23.27842*

50.92458*

57.94586*

26.94934*

23.45206*

56.32424*

Block

36

2.80197*

4.57461*

2.39326*

3.04069*

2.07956*

2.47673*

S/M/D

2

13.01902*

17.18755*

49.46612*

15.26094*

13.34213*

19.59917*

Block

36

1.10452

0.93728

1.46388

1.18174

0.67047

1.32422

S/M/D

2

1.08364

1.46827

0.09638

1.20592

1.05529

0.61425

Block

36

4.64840*

4.35730*

4.10280*

5.27330*

5.43690*

6.26360*

S/M/D

2

44.02720*

79.32010*

82.74380*

49.37590*

76.03080*

75.35580*

Block

36

1.40788

3.10047*

1.83025*

1.49560

1.59489*

1.21731

S/M/D

2

2.60231

2.39977

0.24610

2.14426

1.80151

3.59882*

Block

36

0.90599

1.88072*

2.52649*

2.12509*

1.55314

1.67925*

S/M/D

2

2.37164

2.37362

0.55266

4.67763*

3.43660*

3.85604*

Block

36

2.07600*

1.76230*

2.84520*

1.30220

2.58970*

2.27410*

S/M/D

2

0.32700

2.28290

1.94220

0.94660

0.54220

0.96470

In CAD group, the data of 37 participants who composed one block were entered into a MANOVA, and the differences among the means of the time-domain vectors of the three measurements (i.e., Superﬁcial, Medium, and Deep [S/M/D]) at the right Inch, right Bar, right Cubit, left Inch, left Bar, and left Cubit were tested. F-values were calculated for each variable. *p < 0.05.
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Table 2
Differences between the time-domain vectors of right Inch, right Bar, right Cubit, left Inch, left Bar, and left Cubit at the Superficial,
Medium, and Deep positions (CAD group).
Time-domain parameters
h1

Variables

Degrees of freedom

Block
Right/Left (Inch/Bar/Cubit)

h2

Block
Right/Left (Inch/Bar/Cubit)

h3

Block
Right/Left (Inch/Bar/Cubit)

h4

Block
Right/Left (Inch/Bar/Cubit)

h1/t

Block
Right/Left (Inch/Bar/Cubit)

AIx

Block
Right/Left (Inch/Bar/Cubit)

h3/h1

Block
Right/Left (Inch/Bar/Cubit)

h4/h1

Block
Right/Left (Inch/Bar/Cubit)

Superficial

Medium

Deep

F-value

F-value

F-value

36

3.35848*

2.92600*

2.07201*

5

9.71845*

4.96300*

1.36003

36

3.63903*

3.18330*

2.55037*

5

8.96032*

4.77060*

0.92416

36

3.55285*

3.00800*

2.53417*

5

7.24451*

3.01500*

1.01176

36

1.37184

1.42700

1.07008

5

0.20380

0.32400

0.28158

36

3.68133*

3.92430*

2.59212*

5

9.32395*

5.28020*

1.86043

36

2.22846*

3.17700*

1.81857*

5

1.50415

2.18200

0.54091

36

2.93919*

2.17890

1.91039*

5

1.13422

2.57770*

1.42917

36

2.90174*

3.33840*

2.60663*

5

0.59118

0.93070

1.27954

In CAD group, the data of 37 participants, each treated as a block, were entered into a MANOVA, and the differences between the means of the time-domain vectors of six measurements (i.e., right Inch,
right Bar, right Cubit, left Inch, left Bar, and left Cubit) at the Superﬁcial, Medium, and Deep indicators were tested. F-values were calculated for each variable. *p < 0.05.

Bar, right Cubit, left Inch, left Bar, or left Cubit in CAD group.
3.3. CAD group: analysis of the time-domain of different
positions with regard to the same indicator

As Table 2 shows, in the case of the indicator Superficial with
regard to the subject block, significant differences were found
for h1, h2, h3, h1/t, AIx, h3/h1, and h4/h1. Regarding the
six positions of the indicator Superficial (i.e., right Inch, right
Bar, right Cubit, left Inch, left Bar, and left Cubit), significant
differences were found for h1, h2, h3, and h1/t, indicating that
there were differences in terms of the indicator Superficial for
h1, h2, h3, h1/t, AIx, h3/h1, and h4/h1 among the 37 subject
blocks, whereas the time-domain parameters of the participants
were not identical with regard to the six positions (i.e., right
Inch, right Bar, right Cubit, left Inch, left Bar, and left Cubit).
Therefore, the indicator Superficial did not exhibit identical
time-domain parameters at the six positions. Regarding the indicator Medium, similarly, some of the time-domain parameters
were not identical among the subject blocks or the six positions.
Regarding the indicator Deep, some of the time-domain parameters showed significant differences among the subject blocks,
but the eight timedomain parameters did not exhibit significant
differences among the six positions of any participant.
3.4. Healthy group: analysis of the time-domain of different
indicators at the same position

As Table 3 shows in the case of the right Inch, significant differences were found with regard to the subject block for h1,
h2, h3, h1/t, AIx, h3/h1, and h4/h1. Regarding the three indicators (i.e., Superficial, Medium, and Deep) of the right Inch,
significant differences were found for h1, h2, h3, and h1/t.
These results indicate that in the right Inch, 20 subject blocks
82

exhibited differences with regard to h1, h2, h3, h1/t, AIx, h3/
h1, and h4/h1, whereas for the three indicators (i.e., Superficial,
Medium, and Deep), the participants’ timedomain parameters
were not all the same; therefore, the pulse waves of the right
Inch at the indicators Superficial, Medium, and Deep showed
different time-domain characteristics. Similarly, neither the
subject blocks nor the timedomain parameters of the indicators
Superficial, Medium, and Deep, the results of MANOVA were
not identical at right Bar, right Cubit, left Inch, left Bar, or left
Cubit in healthy group.
3.5. Healthy group: analysis of the time-domain of different
positions with regard to the same indicator

As Table 4 shows, in the case of the indicator Superficial with
regard to the subject block, significant differences were found
for h1, h2, h3, h4. h1/t, h3/h1, and h4/h1. Regarding the six
positions of the indicator Superficial (i.e., right Inch, right Bar,
right Cubit, left Inch, left Bar, and left Cubit), significant differences were found for h1, h2, h3, and h1/t, indicating that
there were differences in terms of the indicator Superficial for
h1, h2, h3, h4. h1/t, h3/h1, and h4/h1 among the 20 subject
blocks, whereas the time-domain parameters of the participants
were not identical with regard to the six positions (i.e., right
Inch, right Bar, right Cubit, left Inch, left Bar, and left Cubit).
Therefore, the indicator Superficial did not exhibit identical
time-domain parameters at the six positions. Regarding the indicator Medium and Deep, similarly, some of the time-domain
parameters were not identical among the subject blocks or the
six positions in healthy group.
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Table 3
Differences among the time-domain vectors of the Superficial, Medium, and Deep measurements at the right Inch, right Bar, right
Cubit, left Inch, left Bar, and left Cubit (Healthy group).
Right
Time-domain parameters
h1
h2
h3
h4
h1/t
AIx
h3/h1
h4/h1

Variables

Inch

Bar

Cubit

Inch

Bar

Cubit

F-value

F-value

F-value

F-value

F-value

F-value

19

7.01317*

12.06822*

2.45655*

2.76394*

6.09706*

8.29299*

S/M/D

2

45.30688*

49.63050*

41.34082*

44.03419*

23.93093*

109.87502*

Block

19

5.69662*

6.51243*

2.53325*

2.98029*

7.17258*

4.69992*

S/M/D

2

36.38925*

22.52264*

37.97843*

32.27814*

20.38478*

64.18959*

Block

19

2.02157*

7.72079*

2.04265*

1.98265*

5.59748*

4.85269*
38.98720*

Block

Degrees of freedom

Left

S/M/D

2

7.13958*

14.43126*

14.28604*

12.08617*

14.86008*

Block

19

0.99999

1.00000

1.00000

1.00003

1.00002

1.00000

S/M/D

2

0.99996

0.99997

0.99998

1.00019

1.00010

0.99999

Block

19

6.90524*

8.76043*

3.64115*

3.27636*

7.47440*

6.79299*

S/M/D

2

44.38822*

29.38423*

56.68691*

36.60836*

29.04945*

63.12928*

Block

19

2.79953*

1.67521*

0.99937

1.52035

1.53523

2.05673*

S/M/D

2

0.21823

6.02608*

0.99552

5.26141*

2.35169

3.98896*

Block

19

2.58328*

2.99797*

1.00112

2.36144*

1.15004

1.93681*

S/M/D

2

1.20518

3.57752*

0.99823

4.12299*

0.41376

2.32912

Block

19

2.94681*

1.41168

1.02378

1.15485

2.70263*

1.10795

S/M/D

2

2.06157

0.90613

0.96574

2.93195*

4.27480*

0.11765

In Healthy group, the data of 20 participants of healthy group who composed one block were entered into a MANOVA, and the differences among the means of the time-domain vectors of the three measurements (i.e., Superﬁcial, Medium, and Deep [S/M/D]) at the right Inch, right Bar, right Cubit, left Inch, left Bar, and left Cubit were tested. F-values were calculated for each variable. *p < 0.05.

Table 4
Differences between the time-domain vectors of right Inch, right Bar, right Cubit, left Inch, left Bar, and left Cubit at the Superficial,
Medium, and Deep positions (Healthy group).
Time-domain parameters
h1

Variables
Block
Right/Left (Inch/Bar/Cubit)

h2

Block
Right/Left (Inch/Bar/Cubit)

h3

Block
Right/Left (Inch/Bar/Cubit)

h4

Block
Right/Left (Inch/Bar/Cubit)

h1/t

Block
Right/Left (Inch/Bar/Cubit)

AIx

Block
Right/Left (Inch/Bar/Cubit)

h3/h1

Block
Right/Left (Inch/Bar/Cubit)

h4/h1

Block
Right/Left (Inch/Bar/Cubit)

Degrees of freedom
19

Superficial

Medium

Deep

F-value

F-value

F-value

2.44062*

2.58840*

3.90353*

5

6.66761*

7.54040*

3.25226*

19

2.30797*

2.76618*

3.79640*

5

6.09248*

6.79102*

3.67901*

19

2.65689*

2.98211*

4.19763*

5

3.17673*

3.84994*

1.18324

19

4.69286*

2.36669*

1.33782

5

1.00000

1.25566

2.28123

19

2.65869*

4.60768*

4.54226*

5

4.79311*

7.71828*

3.29089*

19

1.45284

0.99902

2.25090*

5

0.60849

0.99905

1.91815

19

1.95421*

1.00024

3.20915*

5

0.80513

1.00152

0.91037

19

2.57156*

0.94029

1.48852*

5

1.11004

0.97922

0.93810

In healthy group, the data of 20 participants, each treated as a block, were entered into a MANOVA, and the differences between the means of the time-domain vectors of six measurements (i.e., right Inch,
right Bar, right Cubit, left Inch, left Bar, and left Cubit) at the Superﬁcial, Medium, and Deep indicators were tested. F-values were calculated for each variable. *p < 0.05.
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4. DISCUSSION

Pulse diagnosis researches acquiring pulse waves from the wrist
radial artery have not yet addressed whether wrist radial artery
waves are identical across different positions and indicators.
Although previous studies have shown that the conditions of
the three positions were not the same across the wrist's Inch,
Bar, and Cubit,26,27 but they did not consider the variables of
different hands or different depths. To sum up, the differences in hemodynamic characteristics between the left and right
hands as well as among the three indicators (i.e., Superficial,
Medium, and Deep) have not yet been completed investigated.
The choice of measurement location for pulse diagnosis studies is still lack of consensus,5-10 so the results of pulse diagnosis
researches could not be integrated and further practiced. Therefore, this study attempted to use experimental data to make a
formal clarification.
Our aim is to clarify whether the hemodynamic characteristics at 18 locations are consistent to provide objective suggestion on the measurement locations for future pulse diagnosis
researches. Our thought is that if the hemodynamic characteristics at 18 locations are the same, this phenomenon should
theoretically not be differentiated by people who are with disease or disease-free. So we analyzed the data from the study of
“Pulse Spectrum Analysis to Aid Diagnosis of Coronary Artery
Disease”. Since the results showed that the hemodynamic characteristics obtained at 18 locations were actually not the same
in the CAD group, the main question of this study has been
answered. However, to avoid potential bias for misleading, we
include healthy individuals to repeat the experimental procedure. The results showed that whether in the CAD group or in
the health group, the hemodynamic characteristics are not identical at 18 locations of both group. These results also strongly
explains that the hemodynamic characteristics at 18 locations
are indeed inconsistent.
In CAD group, according to the result listed in Table 1, the
time-domain parameters of the pulse waves were not identical
across the different indicators at the same position. Also, the
results showed in Table 2 indicated that the time-domain parameters at different positions using the indicators Superficial
and Medium were not identical, either. In healthy group, the
hemodynamic characteristics showed the similar conclusion.
Combining the results of Tables 1–4, we conclude that although
not all of the parameters were found significant difference across
different positions and indicators, the data collected in this
study explained the following three results.
First, with regard to selecting the measurement location for
pulse diagnosis research using a time-domain analysis, given the
hemodynamic differences among the three positions and nine
indicators of both hands, if only a single location is selected,
then the pulse wave information of other locations is likely to
be missed. Therefore, when choosing a single location,3,5-7,26,27
It is necessary to provide a rigorous theoretical basis to ensure
the collection of more complete pulse wave information for the
time-domain analysis.
Second, given the different hemodynamic conditions at the
different depths of the three positions (i.e., Inch, Bar, and Cubit) of both hands, when performing a time-domain analysis on
pulse diagnosis study, we must also reach a theoretical consensus
to determine the depth of the measurement of the pulse waves
at the three positions (i.e., Inch, Bar, and Cubit) simultaneously
or sequentially (see Tables 1 and 3). This topic is seriously ne84
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glected and worthy of more in-depth investigations.
Third, Tables 2 and 4 show that the time-domain parameters of Inch, Bar, and Cubit differed between the right and left
hands, which echoes the rationality of the TCM pulse-diagnosis
practice that when taking a pulse, it is necessary to simultaneously place the fingers on the Inch, Bar, and Cubit of both
wrists to feel the pulse state so that the hemodynamic signals
of different organs can be accessed and diagnosed, while also
manifesting the uniqueness of the pulse wave signals of the six
positions of both hands. Therefore, future time-domain analyses of pulse diagnosis require more in-depth investigations to
determine how to select the measurement location and when to
use the right hand, left hand, or both. There is so far no other
studies focus on the discussion for this issue.
As Tables 1 and 3 show regarding the three indicators (i.e.,
Superficial, Medium, and Deep) across the six positions (i.e.,
the Inch, Bar, and Cubit of both the left and right arms), two
participants’ time-domain parameters, h4 and h4/h1, which
represent the height and the relative height of the D-wave, respectively, did not show any significant differences. Studies have
shown that h4 and h4/h1 are related to blood vessel elasticity
and the state of the aortic valve.5,16,17 Our results indicate that
regarding hemodynamic statuses such as blood vessel elasticity
and the state of aortic valve, regardless of the pressure intensity that was exerted, no significant differences were observed
among the six positions.
Table 2 shows that the indicator Deep did not show any
significant differences across the six positions (right Inch, right
Bar, right Cubit, left Inch, left Bar, and left Cubit) with regard
to any of the eight time-domain parameters. Does this finding
suggest that the indicator Deep is a representative measurement
location? As Table 1 shows, the time-domain parameters of the
indicator Deep were not consistent with those of the indicators
Superficial or Medium at the same position, which indicates
that sufficient evidence is currently lacking to use the indicator
Deep as a representative location to measure the other locations
of the three positions and nine indicators.
A previous study showed that the characteristics of blood
vessels differ depending on the degree of obesity.28 In Taiwan,
the definition of overweigh is 24.0–26.9, and the definition of
obesity is ≥27.29 The BMI of the participants in our research is
higher than normal population. In the analysis of data, our idea
is that not only the BMI should be taken into consideration,
but there are still many various unknown differences that might
affect the results (such as sex, age, underlying disease, etc.).
Based on this consideration, we treat these factors as “nuisance
factors”, that is, they may have an impact on the observations,
but they are not factors of the study. In this study, human differences can confuse results. Although they are known to be
controllable, they cannot be measured. Therefore, we use “randomized block design” to eliminate the effects of human differences in examining whether the time-domain parameters are
similar for different indicators at the same position and different
positions using the same indicators to facilitate a multivariate
analysis (MANOVA) in which different participants were regarded as a “block” (i.e., as an independent variable), whereas
each of the time-domain parameters was viewed as another
independent variable, so that the parameters of the timedomain
could be compared between different “subject blocks”.
The above consideration is affirmed in Tables 1–4 that the
participants (i.e., the blocks) were not the same. It echoed that
the method of randomized block design in this study was reasonable, if the analytical design did not separate one participant
www.ejcma.org
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from each other, they would be regarded as the same, and directly analyzing the data would ignore the possible differences
and cause errors.
In conclusion, the pilot study adopting a time-domain analysis on the choice of measurement location for pulse diagnosis research verify the wrist radial artery waves are not identical across
different positions and indicators whether it is in CAD group or
healthy group. Future studies which apply time-domain analysis
should be careful to choose the measurement locations instead
of any one or three points to ensure the completeness of the information to be analyzed.
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