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Abstract 
Introduction: Although multiple defects of the atrial septum are not uncommon, there remain li-
mited data regarding the use of multiple devices in these patients. A variety of approaches to 
transcatheter closure have been used, and in this paper we describe the experience from two op-
erators in a single centre. Methods: From September 2002 to September 2012, 673 transcatheter 
atrial septal defects (ASD) and patent foramen ovale (PFO) closure procedures were performed 
and retrospectively examined in a registry analysis. Results: Of these, 22 patients had multiple 
discrete defects, and four different approaches to closure were used. In 4 patients (18.2%) one 
device was used percutaneously to close multiple defects. Eleven patients (50%) had two devices 
inserted during the same procedure while two patients (9%) had two devices inserted as staged 
procedures. One patient (4.5%) had three devices inserted over two procedures. Four patients 
(18.2%) were found not to be suitable for percutaneous closure during the procedure and were 
referred for surgical closure. Conclusion: Our experience with the implant procedures, and clinical 
follow up of patients, shows that patients with multiple defects can be effectively treated with 
transcatheter device techniques including single device closure, multiple devices in one procedure 
and multiple devices in staged procedures and also with surgical repair. 
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1. Introduction 
Atrial septal defects (ASD) and patent foramen ovale (PFO) are common cardiac defects. Over the past fifteen 
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years, transcatheter device closure has become the more common method of treatment. Transcatheter device oc-
clusion of atrial septal defects has been shown to be as successful as surgical closure and is the preferred option 
which is feasible and safe given the low incidence of major complications and shorter length of hospital stay [1]- 
[4]. Closing multiple defects with multiple devices is feasible and has been demonstrated with relative safety 
and efficacy in both adults and the paediatric population [5] [6]. 

For single defects, there is a 98% closure rate with no significant residual shunt at follow-up in suitable pa-
tients [7] [8]. There are limited data on transcatheter closure of multiple defects of the atrial septum. There is 
considerable morphological variation in size and location of the defects, and as such there are a variety of ap-
proaches to percutaneous closure. One device can be used for multiple defects or alternatively two or more de-
vices can be used. If more than one device is used, these can be inserted during the same procedure or as staged 
prodecures. A recent study has suggested that there is an increased risk of residual shunt with the use of more 
than one device for multiple defects [9]. 

The objectives of our study were to analyse how many patients in our centre with atrial septal defects had 
multiple lesions, to see which methods of closure were utilised and to follow up these patients to look at their 
outcomes. 

2. Methods 
From September 2002 to September 2012, 673 percutaneous ASD and PFO closure procedures were performed 
and retrospectively examined in a registry analysis. Of these consecutive patients, 22 had multiple septal defects 
and they were analysed further to determine the method of closure used. There were no inclusion or exclusion 
criteria. The principal indication for ASD closure was to treat symptoms of dyspnoea, while cryptogenic stroke 
in the absence of other clear risk factors for stroke was the principal indication for PFO closure. Rarer indica-
tions for the closure of PFOs include recurrent transient ischaemic attacks (TIAs), severe migraine refractory to 
drug therapy and as a prophylactic treatment for decompression illness in professional divers. All patients had a 
degree of right ventricular impairment. 

3. Results 
The mean age of the patients was (41.2 ± 9.5), and (78%) were female. The devices used for closure included, 
the Amplatzer (AGA Medical) Septal occluder (ASO), Amplatzer PFO occluder, the Amplatzer Cribriform de-
vice, the Premere device, the Gore Helex occluder, the Gore Septal Occluder, Occlutech devices and Cardio-
SEAL-STARFlex devices. Multiple ASDs or a combination of ASD and PFO were present in 3.3% (n = 22) of 
all patients in whom closure was attempted. For these patients, a total of 34 closure devices were used of which 
22 were Amplatzer PFO and Septal occluders, 2 Helex occluders, 3 Premere devices and 7 Amplatzer Cribri-
form devices. 

Of the 22 patients with multiple defects, four different strategies to closure were used. In 4 patients (18.2%) 
one device was used percutaneously to close multiple defects. Eleven patients (50%) had two devices inserted 
during the same procedure while two patients (9%) had two devices inserted as staged procedures over a period 
of time. One patient (4.5%) had three devices inserted on two separate procedures for three defects. Four pa-
tients (18.2%) were found not to be anatomically suitable for percutaneous closure during the procedure and 
went on to be referred for surgical closure. Examples of cases from each of these four groups are described be-
low (Table 1). 

We have obtained long term follow up data for 15 of the 22 patients with multiple defects. The follow up was 
conducted in September 2014, between 2 and 12 years from the original procedures. Of the 15 patients on whom  
 

Table 1. Four strategies for multiple defect closure. 

 Number of patients % of total (n = 22) 

One Device 4 18 

Multiple Devices—Same procedure 11 50 

Multiple Devices—Staged procedure 3 14 

Surgical closure 4 18 
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long term follow up data is available, two patients have died, one of whom had multiple medical comorbidities. 
One patient has developed palpitations and has a small device leak seen on TOE which is being medically ma-
naged. Another patient developed atrial fibrillation and a pulmonary embolus post-procedure. The remaining pa-
tients were well at follow up. Of the patients referred for surgery follow up data was obtained for 2 of the 4 pa-
tients and they are well. 

3.1. Single Device Closure 
Case One: A 27-year-old lady with a history of cryptogenic stroke was found on echocardiography to have a 
PFO and also a small ASD. A 35 mm Cribriform Atrial Septal Occluder was placed across the ASD which 
closed both holes with a good result. Post-procedure transthoracic echocardiography (TTE) showed a minute 
flash within the closure device on colour flow Doppler. Subsequently she experienced a transient episode of pins 
and needles in her left arm and leg, although CT head demonstrated no abnormality. Repeat echocardiography at 
5 weeks confirmed the device was well seated with no residual shunt. 

3.2. Multiple Devices, One Procedure 
Case Two: A 52-year-old man was found to have an atrial septal aneurysm on echocardiography and a positive 
bubble transoesophageal echocardiogram (TOE), following a stroke. Two devices were implanted, one across 
the PFO and one across an adjacent ASD. Post-procedure TTE showed no residual shunt. Repeat echocardio-
graphy at 4 months showed minimal left to right colour flow. Post closure of the defect, the patient developed 
atrial fibrillation (AF). 

Case Three: A 37-year-old lady was found on TOE to have two atrial septal defects—one at the inferior bor-
der of the septum and one large defect superiorly, which was multifenestrated. The upper defect was closed first 
and the lower defect reassessed. There was ongoing flow through the smaller defect, and so a second device was 
deployed across it (see Figure 1). The devices were aligned at right angles to one another because of the aneu-
rysmal nature of the septum. There was some residual flow through the larger device, however an echocardio-
gram 15 months later showed no obvious residual shunt. The patient developed post-procedure haematemesis 
and oesophagogastroduodenoscopy (OGD) showed a Mallory-Weiss tear. Therefore Clopidogrel was given in 
place of Aspirin. 

Case Four: A 72-year-old lady was admitted for elective closure of ASD. After the 26 mm ASO was placed, it 
became clear that there was a second defect. A further 12 mm ASO was used and in order to interdigitate the 
devices correctly, the discs were retrieved and then redeployed in the following order: left atrium (LA) disc of 
smaller device, LA disc of larger device, right atrium (RA) disc of larger device, RA disc of smaller device (see  
 

 
Figure 1. Amplatzer septal occluder device in place 
with 0.035 guidewire across second defect. 
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Figure 2 and Figure 3). There was no residual shunt and follow up TTE at 4 months showed some residual flow 
with a small left to right shunt. 

3.3. Multiple Devices, Staged Procedure 
Case Five: A 36-year-old man was admitted for PFO closure post-cerebrovascular event. During the procedure 
when the interatrial septal anatomy was studied, it was found that there was both an ASD and a PFO. A single 
device was deployed across the ASD (ASO) which was thought to also occlude the PFO. However, 7 months 
later the patient required a further procedure for closure of the PFO due to ongoing residual shunt using an Am-
platzer PFO occluder. Post-procedure TTE showed resolution of the shunt. 

3.4. Unsuccessful Percutaneous Closure (Surgical Referral) 
Case Six: A 49-year-old lady was admitted electively for ASD closure. TOE showed multiple defects in the atri-
al septum. A device was placed in an attempt to close the septal defects, but after deployment there were still  
 

 
Figure 2. Simultaneous deployment of two ASO de-
vices, interdigitating. 

 

 
Figure 3. Devices after deployment. 
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multiple shunts at both ends of the device. The device was therefore removed and the patient was referred for 
surgical closure. 

4. Discussion 
Limited data exist on the outcome of using multiple devices to close multiple defects of the atrial septum. A sin-
gle device is generally used if it can effectively close two adjacent defects. It is deployed across the largest de-
fect and ideally covers any adjacent defects. Multiple devices are more commonly used when the separation of 
the defects is more than a few millimetres. 

Single device occlusion is more cost effective, avoids a bulky profile and results in shorter fluoroscopy times. 
If two or more devices are used they must be placed either simultaneously (with one sandwiching the other) or 
sequentially, either at the same procedure or in a staged procedure sequence. The interleaving technique had 
been shown to achieve the lowest possible profile with overlapping devices (see Figure 4). 

This method will reduce the risk of device embolisation and also decreases pressure on surrounding structures. 
As it is not possible to interleave at a later stage, a staged procedure using multiple devices leads to overlapping 
and a higher profile [10]-[12]. However, because most residual defects close over a period of time it has been 
suggested that a single device be used initially and then a second device at a later stage if necessary, which may 
result in fewer and smaller second devices [13]. 

Device erosion is a recognised complication of transcatheter ASD closure. Device diameter, multiple devices, 
deficient rims in vulnerable areas (e.g. antero-superior rims) all increase the risk of erosion. Of cases reported, 
very few have involved structural deterioration of the actual devices but in comparison atrial free wall erosion is 
the more common complication. Furthermore it does not appear that more than one device is a risk factor for 
erosion, but this may simply reflect the paucity of cases undertaken. 

Imaging techniques including transesophageal (TOE) echocardiography are used to measure the extent of tis-
sue between multiple defects and ideally at least 6 - 7 mm is needed in order for two devices to be used [14]. 
However, even with a separation of more than 7 mm, it may still be possible to use a single device depending 
upon the precise location and morphology of the defects. 

There are no differences between the single device and the multiple devices groups in terms of anti-platelet 
therapy and endocarditis prophylaxis and treatment. 

5. Conclusion 
Our experience shows that our patients with multiple defects were treated with one of four methods—single de-
vice closure, multiple devices in one procedure, multiple devices in staged procedures and unsuccessful percu-
taneous repair requiring surgical referral. These registry data confirm that transcatheter closure for multiple de-
fects appears to be safe and efficiacious in selected cases but the study is limited by small numbers. Although  
 

 
(a)                   (b)                  (c)                  (d) 

Figure 4. Technique of “interleaving”. (a) Deployment of device I, maintaining tension on 
right atrial disk with delivery wire; (b) Placement of device 2 so that left atrial disk lies on 
left atrial side of device 1. While maintaining tension on device 1, the right atrial disk of de-
vice 2 is deployed; (c) Release of tension on device 1 allows its right atrial disk to rest on 
right atrial side of device 2. The result is the lowest possible profile; (d) Overlapping devices 
without “interleaving” and a resulting high profile of device 2 [8]. 
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follow-up data are incomplete, the results are encouraging and there is no obvious difference in outcomes be-
tween the four groups. 
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Abstract 
There are few conservative treatment options for patients with adult idiopathic scoliosis. These 
typically include pharmacologic pain management, epidural injections, and generalized CAM 
treatments such as massage and chiropractic manipulation. The purpose of this study was to 
compare the post-treatment results in patients wearing the scoliosis activity suit versus baseline 
assessments as well as adult scoliosis patients who did not wear the activity suit. The pain and 
Cobb angle outcomes of 53 consecutive patients with adult idiopathic scoliosis following a trial of 
a scoliosis activity suit were reviewed. The average scores and measurements at 18 months were 
statistically significantly improved for both the quadruple numerical pain rating scale as well as 
Cobb angle. The scoliosis activity suit may be a viable supportive therapy for the treatment of 
chronic pain associated with adult idiopathic scoliosis. Further prospective studies should eva-
luate treatment effects of this suit using intent-to-treat methodology. 
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1. Introduction 
The treatment options for idiopathic scoliosis have greatly developed over the last decade. Bracing techniques [1] 
and surgical techniques [2] have consistently been made available to adolescent idiopathic scoliosis patients. 
However, many of the non-surgical procedures have not been available to adult idiopathic scoliosis patients. It is 
well know that idiopathic scoliosis can continue to progress even into adulthood [3]. When an idiopathic scoli-
osis measures >30˚ at the time of skeletal maturity, there is approximately a 68% chance that the curve will con-
tinue to progress thereafter [4] [5]. For example, a study by Marty-Poumarat et al. [6], reported a near linear rate 
of progression year by year into later adulthood.  

Most of the treatment studies in adults with idiopathic scoliosis have been surgical. However, common among 
the various surgical techniques is the incidence of perioperative and postoperative complications, ranging from 
17% - 55% [7]-[9]. The chance of revision surgery in a study of 306 patients was 44% in the first 6 years [10]. 
Since rigid scoliosis bracing is typically indicated for skeletally immature patients, rigid bracing in adulthood is 
not considered necessary [11]. According to the Society on Scoliosis Orthopedic and Rehabilitation Treatment 
(SOSORT), bracing for adult curves is indicated only when the therapeutic value of the brace chosen has been 
established [12]. However, many of the brace technologies established for adult scoliosis patients are European, 
and their availability in the US is limited at the present time.  

With the potential risks of surgical intervention in adulthood, and the limited availability of European bracing 
technologies in the United States, we report the results of a scoliosis activity suit used in a cohort of patients 
with adult idiopathic scoliosis.  

Previous early data suggest [13] that this suit may help certain pain and radiographic parameters of scoliosis. 
Here we present our data against a previously published control group with established progression data in adult 
scoliosis cases.  

The scoliosis activity suit is a neoprene, rotation-based activity suit, composed of 4 distinct pieces. The no-
velty of the scoliosis activity suit is that it creates a rotational resistance into the torso that accentuates the rota-
tional displacement of the scoliosis. This increased rotational stimulus is thought to elicit a corrective postural 
reflex that results in de-rotation of the spine out of the scoliosis curvature. 

2. Intervention and Outcomes 
Patient files from a single multidisciplinary medical center were consecutively pulled for analysis. All patients 
had previously reported to this clinic with an established history of adult idiopathic scoliosis. Inclusion criteria 
for this study included 1) Prior to treatment intervention, all patients completed a quadruple numerical pain rat-
ing scale, 2) patients were all skeletally mature at baseline, 3) baseline Cobb angle of at least 30˚, and 4) they 
were not receiving concurrent treatment or being followed up with elsewhere. Patient files were excluded if the 
type of scoliosis was not idiopathic, as well as patients with history of scoliosis fusion surgery. A total of 53 pa-
tient files were consecutively selected, so as to minimize selection bias.  

Patients had participated in a fitting process, where the focus was on teaching each patient to properly fit and 
adjust his/her scoliosis activity suit based upon his/her respective curve pattern. They were also given instruction 
on which specific activities of daily living to perform while wearing the activity suit. Patients were instructed to 
wear the activity suit for a total of 4 - 6 hours per day total, in two separate sessions (2 - 3 hours each ideally). 
Figure 1 shows an illustration of a typical configuration for an adult patient.  

Once the patients completed their fitting process, they were instructed to report back every 3 months for 1 
year, followed by 6-month intervals thereafter. At each 6-month interval, patients again completed the numerical 
pain rating scale. These questionnaires were compared to baseline to determine their pain and changes.  

The gender breakdown among the 53 total patients selected for this study was 41 females and 12 males. Of 
these 38 had curves above 30˚ while 15 had curves above 50˚. When categorized based upon curve pattern, there 
were 8 patients with thoracolumbar curves, 19 with thoracic curves, 10 with lumbar curves, and 16 with double 
major curves.  

Statistical analysis was performed for the curve pattern groups as well as the baseline Cobb angle groups. 
Student t-tests were performed to evaluate before and after treatment comparisons. Tables 1-5 provide an out-
line of this data for the outcome assessments. Across the entire cohort, 79% of patients achieved a curve correc-
tion of 6˚ or greater, 17% had curves unchanged or stabilized (defined as <6˚ of change), and 4% saw their 
curves increase. When subdividing the entire cohort by curve pattern, the thoracolumbar group achieved the  
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Figure 1. A common sample configura-
tion of the scoliosis activity suit. 

 
Table 1. Entire cohort. 

Patient Gender CurveType Cobb1 Cobb2 QVAS1 QVAS2 

1 f L 55 50 63 43 

2 m D 32 22 47 37 

3 f L 36 26 60 53 

4 m T 52 33 43 33 

5 f TL 34 30 70 43 

6 f T 42 29 40 20 

7 f T 44 26 30 20 

8 f L 66 40 73 47 

9 m TL 47 30 53 43 

10 f D 33 20 33 30 

11 f TL 38 30 60 37 

12 m T 52 35 73 47 

13 f L 61 51 63 47 

14 f T 35 30 33 20 

15 f D 49 36 37 20 

16 f D 39 33 43 10 

17 f L 40 33 57 30 

18 f D 46 29 43 27 

19 m T 56 28 57 43 

20 f D 31 20 47 40 

21 f T 38 25 43 30 

22 f L 38 24 67 40 
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Continued  

23 f D 33 20 37 13 

24 m D 32 26 43 27 

25 m T 30 21 20 20 

26 f D 38 27 33 17 

27 f D 47 33 43 27 

28 f T 41 35 37 30 

29 f L 65 55 60 27 

30 f T 40 18 33 17 

31 f T 54 26 57 27 

32 m TL 39 31 67 23 

33 f T 34 34 43 40 

34 f D 58 59 43 43 

35 f T 37 29 47 40 

36 f TL 39 20 77 63 

37 f L 53 49 53 43 

38 f T 44 40 53 47 

39 f D 46 48 60 23 

40 f T 61 56 73 33 

41 m D 45 42 43 40 

42 f L 43 39 50 40 

43 m T 60 53 60 47 

44 f TL 48 37 50 37 

45 f T 32 30 37 30 

46 f D 59 52 43 37 

47 f L 39 31 57 33 

48 m T 53 46 37 20 

49 f TL 31 15 53 37 

50 f D 30 26 47 30 

51 f D 34 21 53 47 

52 f TL 32 23 47 40 

53 m T 62 50 67 27 

 P value   1.36204E−06  1.03956E−10 

 Mean  43.830189 33.43396226 50.150943 33.67924528 

 42 79% >6˚    

 9 17% <6˚    

 2 4% Progressed    
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Table 2. Lumbar curves. 

Patient Gender CurveType Cobb1 Cobb2 QVAS1 QVAS2 

1 f L 55 50 63 43 

3 f L 36 26 60 53 

8 f L 66 40 73 47 

13 f L 61 51 63 47 

17 f L 40 33 57 30 

22 f L 38 24 67 40 

29 f L 65 55 60 27 

37 f L 53 49 53 43 

42 f L 43 39 50 40 

47 f L 39 31 57 33 

  P value  0.035705  6.80694E−06 

  Mean 49.6 39.8 60.3 40.3 

 7 70%     

 3 30%     

 0      

 
Table 3. Double curves. 

Patient Gender CurveType Cobb1 Cobb2 QVAS1 QVAS2 

23 f D 33 20 37 13 

24 m D 32 26 43 27 

26 f D 38 27 33 17 

27 f D 47 33 43 27 

34 f D 58 59 43 43 

39 f D 46 48 60 23 

41 m D 45 42 43 40 

46 f D 59 52 43 37 

50 f D 30 26 47 30 

51 f D 34 21 53 47 

  P value  0.01719916  8.47507E−05 

  Mean 40.75 32.125 43.4375 29.25 

 12 75%     

 2 12.50%     

 2 12.50%     
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Table 4. Thoracic curves. 

Patient Gender CurveType Cobb1 Cobb2 QVAS1 QVAS2 

4 m T 52 33 43 33 

6 f T 42 29 40 20 

7 f T 44 26 30 20 

12 m T 52 35 73 47 

14 f T 35 30 33 20 

19 m T 56 28 57 43 

21 f T 38 25 43 30 

25 m T 30 21 20 20 

28 f T 41 35 37 30 

30 f T 40 18 33 17 

31 f T 54 26 57 27 

33 f T 34 34 43 40 

35 f T 37 29 47 40 

38 f T 44 40 53 47 

40 f T 61 56 73 33 

43 m T 60 53 60 47 

45 f T 32 30 37 30 

48 m T 53 46 37 20 

53 m T 62 50 67 27 

  P Value  0.00071025  0.0003936 

  Mean 45.6315789 33.8947368 46.4736842 31.1052632 

 16 84%     

 3 16%     

 
Table 5. Thoracolumbar curves. 

Patient Gender CurveType Cobb1 Cobb2 QVAS1 QVAS2 

5 f TL 34 30 70 43 

9 m TL 47 30 53 43 

11 f TL 38 30 60 37 

32 m TL 39 31 67 23 

36 f TL 39 20 77 63 

44 f TL 48 37 50 37 

49 f TL 31 15 53 37 

52 f TL 32 23 47 40 

  P value  0.002114  0.00167 

  Mean 38.5 27 59.625 40.375 

 7 88%     

 1 12%     
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largest correction, with 88% of thoracolumbar curves correcting ≥6˚. The thoracic group achieved this in 84% of 
patients. By contrast, the lumbar group saw the lowest correction rate at 70%, followed by the double major 
group at 75%. However, the double major group is the only group in which patients saw their curves worsen at 
follow-up (12.5%). The curve progression in each patient was 1˚ and 2˚ respectively. This is approximately 
equal to the natural history of progression for these curves. Figure 2 shows some of the postural changes trig-
gered by application of the suit.  

When comparing these curve patterns to the published control group by Marty-Poumarat et al. [6], the aver-
age initial age of their subjects was 37 years; ours was 44. The average starting Cobb angle for lumbar and tho-
racolumbar curves was 30˚, while our lumbar group started at 50° and our thoracolumbar group was 39˚. Tho-
racic curves began at 44˚ for the control subjects, and our thoracic group began with 46˚ curves. According to 
Marty-Poumarat et al.’s data [6], they observed average thoracic curve progression of 0.68˚ per year. This would 
equate to roughly 1.02˚ curve increase over our present 18-month study timeframe. Our thoracic group saw their 
curves improve, by contrast, of 12˚ (P < 0.05). Lumbar and thoracolumbar curves increased 1.45˚ per year in the 
control group, whereas our lumbar group saw an average curve correction of 10˚ (P < 0.05) and the thoracolum-
bar group corrected an average 11˚ (P < 0.05). 

3. Discussion 
Since most adult scoliosis patients seek therapy for their scoliosis due to pain [12], it is logical to evaluate those 
methods that seek to accomplish this goal, even if curve correction is unattainable.  

Our control group was composed of a previously published cohort by Marty-Poumarat et al. [6]. Our present 
cohort is similar in demographics and curve characteristics to their cohort, which is why it was chosen. Since 
Marty-Poumarat et al. provided a detailed, linear rate of progression for adult scoliosis patients, it gave us a rea-
listic comparative by which to evaluate if the scoliosis activity suit could potentially alter the course of natural 
history of this disease process.  

It is important to discuss the limitations of this study. While we did attempt to control the study, it was re-
trospective in nature, which invariably provides for some degree of selection bias, although we attempted to mi-
nimize this by selecting our inclusion criteria before reviewing and selecting patient charts. We also did not 
perform an intent-to-treat analysis, which would have accounted for the subjects who did not report for follow- 
up at 18 months. Future studies should include this analysis.  

Although this treatment was primarily performed at home, out present study does not take into account the 
percentage of compliance within our study population. It is possible that our outcomes could be correlated to the 
rate of compliance, as well as for those we lost to 18-month follow-up.  
 

 
Figure 2. Postural changes associated with the scoliosis activity suit. 



M. W. Morningstar et al. 
 

 
604 

Finally, while pain is a reasonable outcome assessment for this patient population in particular, the quadruple 
visual analog scale was not specifically designed for scoliosis patients. However, it does provide an easy-to- 
collect dataset from which to evaluate treatment impact on pain levels. Future studies should include quality of 
life indices specifically designed for the scoliosis patient population. 
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Abstract 
Background: Phase II cardiac rehabilitation (CR) is a class IA indication in patients suffering a 
cardiovascular event (CV). Current guidelines suggest 36 exercise sessions over a period of 3 
months. The main aim of this study was to analyze the rate of adherence to a cardiac rehabilitation 
program and the factors influencing it. Methods: This was a cross-sectional study in 421 secondary 
prevention patients, who assisted to a Phase-II-CR program between 2007 and 2014. At baseline 
and program end, patients completed a 6-minute walk test and the Short-Form 36 Health Survey 
(SF-36). Vital signs and anthropometric measurements were also collected. Adherence was quan-
tified as the percentage of individuals who attended all 36 sessions of the program. Factors consi-
dered for affecting adherence included: cardiovascular risk factors (RFs), type of health insurance 
(public or private), aerobic capacity, and SF-36 score parameters. Results: Adherence to Phase-II- 
CR was 33%, with no significant differences between men and women. The regression model fully 
adjusted for age, sex, RFs, type of health insurance and SF-36 score, showed that a SF-36 score <50 
on physical health (odds ratio (OR): 11.47; 3.99 - 32.99; p < 0.0001) and smoking (OR: 4.41; 1.25 - 
15.62; p = 0.02) were strong predictors for non-adherence. A trend for better adherence was ob-
served in subjects older than 50 years compared to those aged between 17 and 50 years (37% 
versus 23%, respectively; p = 0.05). No significant differences were observed in adherence ac-
cording to RFs clustering. Conclusions: Adherence to Phase-II-CR is low in our population. Patient- 
related factors, such as SF-36 score and smoking, were the best determinants of Phase-II-CR ad-
herence. Health system-related factors did not influence adherence in this population. Prospective 
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studies are warranted to determine all the factors which may influence adherence to Phase-II-CR 
programs. 

 
Keywords 
Cardiac Rehabilitation, Adherence, Secondary Prevention 

 
 

1. Introduction 
Cardiovascular disease (CVD) is the most common cause of death in Chile and is responsible for 27% of total 
deaths. Approximately 35% of all CV deaths are due to acute myocardial infarction (MI) [1] and although the 
rate of MI mortality has remained steady in recent years, its incidence in the younger population has increased 
significantly [2]. Therefore, it is of utmost importance to promote lifestyle interventions in these patients. Car-
diovascular rehabilitation (CR) programs are associated with a reduction in CVD morbidity and mortality as 
well as improvements in the control of cardiovascular risk factors (RFs), exercise tolerance, control of anxiety 
and stress, and quality of life, among others [3]-[6]. 

The latest guidelines from the American College of Cardiology (ACC), the American Heart Association and 
the European Society of Cardiology have positioned CR programs with an indication class I, level A in second-
ary prevention [7]. The completion of the 36 sessions (over approximately 3 months) of Phase-II-CR has been 
associated with a lower risk of death and MI at 4 years compared with those performing fewer sessions [8]. Re-
cent studies have also demonstrated a dose-response relationship in CR (i.e., the greater the adherence to the 
program, the lower the CVD morbidity and mortality) [8] [9]. Despite these benefits, participation in CR pro-
grams remains low, with only 10% to 20% of patients who survive an MI entering a secondary prevention pro-
gram [8] [10]. This percent is even lower in Latin America with a referral rate around 5% [11]. Moreover, a sig-
nificant percentage of these individuals leave the program within the first two weeks [12]. The reasons for poor 
adherence to and underutilization of CR appear to be multifactorial: the patient’s age, income, distance from the 
health center, and personal beliefs of referring physicians about the benefits of Phase-II-CR are among some of 
the related factors [10] [12]-[14]. Patient specific factors, such as cardiovascular RFs and RF clustering, may 
also influence adherence to this treatment. Despite the importance of Phase-II-CR as part of the secondary pre-
vention after a CVD event, it is not included as part of hospital discharge instructions for most patients in sever-
al countries in Latin America.  

Finally, adherence to CR programs is critically important to get the maximum benefits of exercise and the 
improvement in functional capacity [5] [9]. Therefore, the main aim of this study was to describe adherence 
rates to a Phase-II-CR program in Chile and evaluate the factors that influence it. 

2. Materials and Methods 
The study used a cross-sectional design and included a sample of subjects who participated in a Phase-II-CR 
program between 2007 and 2014 in an ambulatory setting of a university hospital. Exclusion criteria included 
subjects who did not have any history of atherosclerotic cardiovascular disease. Therefore, the sample consisted 
of 421 men and women with definite history of coronary heart disease (CHD). Mean age was of 59 ± 12 years.  

2.1. Data Collection  
Data were collected on the admission to the Phase-II-CR program. All subjects were interviewed by the nurse in 
charge of the program to obtain demographic, medical cardiovascular RF history, and medication intake data. 
All the information was entered in a database specifically designed for the program. Upon admission, each sub-
ject underwent a graded symptom-limited exercise stress test on a treadmill. Total duration of exercise, meta-
bolic equivalents (METs) and maximum blood pressure and heart rate were recorded. In addition, a 6-minute 
walk test (6MWT), anthropometric parameters, and the 36-item Short Form Health Survey (SF-36) were meas-
ured and collected at baseline and at the end of the 36 sessions. For the 6MWT, the total distance walked and 
vital signs were recorded.  
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The following criteria were identified as conditions that could influence patient adherence to the Phase-II-CR 
program: 

1) Hypertension: subjects with physician-stated diagnosis of hypertension, with or without drug treatment. 
2) Dyslipidemia: subjects with physician-stated diagnosis of hypercholesterolemia, hypertriglyceridemia and/ 

or low HDL (<40 or <50 mg/dL, in men and women respectively), with or without drug treatment. 
3) Obesity: subjects with BMI ≥30 mg/kg2 and those with abdominal obesity ≥90 cm (men) and ≥80 cm 

(women) according to published criteria [15] [16]. 
4) Diabetes and insulin resistance: those with medical diagnosis, with or without medication. 
5) Physical inactivity: classification of “sedentary leisure time” was used [17]. Sedentary subjects were de-

fined as those who reported no sport or physical activity of at least 30 minutes, 3 times per week, outside of 
working hours during the last month. This method has previously shown a direct and significant correlation with 
maximal aerobic power measured in METs [18]. 

6) Smoking: categorized by self-report as follows: no smoking, daily smoking (≥1 cigarette/day), current 
smoking (daily + occasional, <1 cigarette/day), or ex-smoker (last cigarette >6 months) [17]. 

7) Family history of CHD: present if a subject had a direct relative (male <55 years old or woman <65 years 
old) who suffered a cardiovascular event. 

8) Type of health insurance: Private (ISAPRE) or Public (FONASA) health insurance. 
9) Aerobic capacity: total METs achieved in the exercise stress. 
10) Quality of life: emotional and Physical health score on SF-36 was used [19]. 
All subjects admitted to the program provided written informed consent approved by the local ethics commit-

tee, which authorized the use of data for academic purposes, protecting confidentiality. 

2.2. Adherence 
The concept of adherence was applied to the total group of subjects, and it was quantified as the percentage of 
subjects who attended all 36 sessions of the Phase-II-CR program.  

2.3. Short Form 36 (SF-36) Health Survey 
The SF-36 consists of 36 questions including domains of physical functioning, physical role, body pain, general 
health, vitality, social function, emotional role, and mental health. Scores are subdivided into two sub-scales 
corresponding to two components: physical and emotional health according to the standards of the US SF-36. 
[19]. This survey was conducted upon the admission of the patient to the Phase-II-CR program and after its 
completion (conclusion of the 36 sessions). Scores less than 50 for each component were used as cut-offs values 
of low quality of life. 

2.4. Clustering of Risk Factors 
Risk-factor clustering was presented as the cumulative number of RFs previously described in the condition’s 
criteria detailed above (from 1 to 7). According to this clustering, subjects were classified into 3 groups: Group 
1: 0 to 1 RF, Group 2: 2 to 4 RFs, and Group 3: >4 RFs. 

2.5. Statistical Analysis 
The results of the tables were expressed as mean (SD) or frequency (%). Comparisons between sex were based 
on ANOVA and Fisher exact test. Comparisons among adherence SF-36 survey, and baseline functional capaci-
ty were determined using Student’s t-test.  

To analyze the existence of factors which positively or negatively affected adherence, a logistic regression 
model, adjusted for age, sex, RFs, type of health insurance, and score in the SF-36 health survey was used. 

3. Results 
A total of 421 subjects were included in this analysis: 18% were women; mean age of the group was 59 ± 12 
years old. Table 1 displays demographic characteristics and risk factor prevalence of the total group according 
to adherence status (adherent versus non-adherent). The rate of adherence to the 36 sessions of Phase-II-CR  
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Table 1. Demographic characteristics and risk factor prevalence of the total group according to adherence to the Phase II 
cardiac rehabilitation program. 

Characteristics Total Group 
(n = 421) 

Adherent Group 
(n = 141) 

Non-adherent Group 
(n = 280) p-value 

Female gender, % 18% 16% 19% NS 

Age, years 59 ± 12 60 ± 12 59 ± 12 NS 

Risk Factors  

Hypertension, % 56% 52% 58% NS 

Diabetes, % 17% 17% 17% NS 

Dyslipidemia, % 86% 87% 86% NS 

Obesity, % 21% 16% 24% 0.07 

Smoking, % 7% 2% 9% <0.01 

Sedentary, % 74% 67% 78% 0.03 

Health care insurance system  

Public health system, % 21% 25% 19% NS 

Private health system, % 78% 74% 80% NS 

No health insurance, % 1% 1% 1% NS 

Intervention  

Cardiac surgery, % 35% 38% 33% NS 

Angioplasty, % 49% 50% 48% NS 

Medical, % 16% 13% 19% NS 

Educational Level  

Primary or Secondary, % 15% 11% 16% NS 

Technical, % 17% 14% 17% NS 

University, % 69% 75% 67% NS 

Quality of life survey (SF-36)  

SF-36 on physical health score 74 ± 17 81 ± 12 70 ± 18 <0.0001 

SF-36 on emotional health score 68 ± 22 76 ± 18 64 ± 21 <0.0001 

Data are mean ± SD, except where indicated. T-tests were used to determine differences between the non-adherent and adherent group. *Adherence 
was defined as attendance at all 36 sessions of the phase II cardiac rehabilitation program. NS = not significant; SF-36 = Short Form 36 health survey. 
 
program was 33%. No significant differences were observed between men and women (35% versus 29%, re-
spectively). Overall, RF prevalence was: dyslipidemia 86%, hypertension 56%, diabetes 17%, obesity 21%, 
smoking 7%, insulin resistance 13%, 74% sedentary lifestyle, and 25% family history of CHD. Thirty-five per-
cent of patients had coronary artery bypass surgery, 49% percutaneous coronary revascularization, either balloon 
angioplasty or stenting, and 16% only received optimal medical treatment.  

A significant difference was observed between the following conditions and adherence (i.e., “worse” adhe-
rence”): smoking (p < 0.01), sedentary behavior prior to the Phase-II-CR program (p = 0.03), and SF-36 score < 50 
in physical health (p < 0.0001). 

As shown in Figure 1, a better rate of adherence was observed in patients older than 50 years old (37% adhe-
rence rate compared with 23% in patients 17 to 50 years old; p = 0.05). When the group was analyzed by smok-
ing status, better adherence was demonstrated in non-smokers versus smokers: 35% versus 10% (p < 0.01).  
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Figure 1. Rates of adherence by gender and cardiovascular risk factors. 
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Likewise, a higher adherence was observed in the previously active versus previously sedentary subjects (42% 
vs 30%; p = 0.03). The adherence rate was lower in previous sedentary women (23%) than men (32%). Moreo-
ver, a higher adherence rate was seen in non-obese compared to obese patients (36% vs 25%, respectively), 
however it did not reach statistical significance (p = 0.07). 

When analyzing the adherence according to the clustering of RF, no significant differences were observed, 
although a trend toward worse adherence was seen in subjects presenting with more than 4 risk factors (35% in 
subjects with 2 to 4 RFs versus 19% in those with >4 RFs; p = 0.06) (Figure 2). 

The logistic regression model adjusted for age, gender, RFs, and health insurance system showed the following 
conditions as predictors of non-adherence: smoking (odds ratio [OR] = 4.39, p = 0.02), and previous physical 
sedentary behavior (OR = 1.58; p = 0.05) (Table 2). When SF-36 score was included in the model, SF36 < 50 
score on physical health and smoking remained as the only predictors of non-adherence (OR = 11.47, p < 0.0001 
and OR = 4.41, p = 0.02, respectively) (Table 3). 
 

 
Figure 2. Adherence according to clustering of cardiovascular risk factors. 

 
Table 2. Adjusted logistic regression model showing factors associated with 
adherence (adjusted for age, gender, risk factors, and health insurance). 

 Odds Ratio (95% CI) p-value 

Male gender 1.00 Reference 

Female gender 1.17 (0.67 - 2.04) NS 

Age (continuous) 1.0 (0.98 - 1.01) NS 

Smoking (−) 1.00 Reference 

Smoking (+) 4.39 (1.29 - 14.92) 0.02 

Dyslipidemia (−) 1.00 Reference 

Dyslipidemia (+) 0.96 (0.51 - 1.78) NS 

Obesity (−) 1.00 Reference 

Obesity (+) 1.64 (0.95 - 2.82) 0.07 

Previously Active 1.00 Reference 

Previously Sedentary 1.58 (1.00 - 2.51) 0.05 

Odds ratio >1 indicates predictors of non-adherence; odds ratio <1.00 indicates predictors of 
adherence. CI = confidence interval; NS = not significant. 



M. J. Bustamante et al. 
 

 
611 

Table 3. Fully adjusted logistic regression model showing factors associated 
with adherence (adjusted for age, gender, risk factors, health insurance and 
SF-36 score). 

 Odds Ratio (95% CI) p-value 

Male gender 1.00 Reference 

Female gender 0.44 (0.21 - 0.92) 0.03 

Age (continuous) 0.99 (0.97 - 1.01) NS 

Smoking (−) 1.00 Reference 

Smoking (+) 4.41 (1.25 - 15.62) 0.02 

Dyslipidemia (−) 1.00 Reference 

Dyslipidemia (+) 0.81 (0.4 - 1.63) NS 

Obesity (−) 1.00 Reference 

Obesity (+) 1.58 (0.88 - 2.83) NS 

Previously Active 1.00 Reference 

Previously Sedentary 1.04 (0.62 - 1.74) NS 

SF 36 score >50 both 1.00 Reference 

Physical Health score <50 11.47 (3.99 - 32.99) <0.0001 

Mental Health score <50 1.61 (0.82 - 3.19) NS 

Odds ratio >1 indicates predictors of non-adherence; odds ratio <1.00 indicates predictors of 
adherence. CI = confidence interval; NS = not significant. 

4. Discussion 
In our study adherence rates to a Phase-II-CR program were low. Patient RFs, such as score in the SF-36 < 50, 
active smoking, and previous physical inactivity favored non-adherence to the program rather than health system- 
related issues. On the other hand, there were no risk factors that influenced a better adherence in our population. 
This study emphasizes the need for prospective studies to determine all the possible factors—including patient, 
referring physician, health center, and health system-related factors, that may influence adherence and the suc-
cess of this type of intervention. 

Current guidelines assign Phase-II-CR an indication IA for use in secondary prevention [8] [20]. Phase-II-CR 
has been defined in the literature as the “clinical application of preventive care through a multidisciplinary pro-
fessional approach to a comprehensive risk reduction and global long-term care of cardiovascular patients” [21]. 
Such programs include not only physical activity but also education about secondary prevention. This compre-
hensive concept underscores the need for the patient to adhere to the program. Since improvements in aerobic 
capacity, RF control, and healthy lifestyles habits are not achieved immediately, the current recommendation is 
that Phase-II-CR (outpatient) should last at least 36 sessions (a minimum of 3 times/week for approximately 3 
months). 

Our study is the first to report the adherence to a Phase-II-CR program in our country and Latin America. 
Overall adherence to our program was 33%, which is significantly lower than the 51% reported in a recent study 
of 4412 participants in a group of CR centers in Wisconsin [22]. In that study, adherence was significantly better 
in men than women, unlike our study where there was no difference by sex. In another, smaller study from Aus-
tralia (n = 284), Worcester and colleagues reported adherence rates of 76% in men and 79% in women [23]. The 
poor adherence rates observed in our patients stresses the importance of recognizing the contributing factors that 
are specific to our Latin population. We could speculate that the poor adherence observed in our program may 
have been due to the overall poor knowledge of the Chilean population about the benefits of this type of treat-
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ment. In this regard, it is important to emphasize that Phase-II-CR is not typically included in secondary preven-
tion programs in Chile: not only are patients generally unaware of its existence and benefits but also it is not a 
compelling indication for physicians managing these patients. Therefore, recognizing and understanding the 
factors influencing adherence to these programs when these programs become more widely available in coun-
tries such as ours, in both public and private health system facilities, are essential.  

Among the most important factors for non-adherence to the program, the low score in SF-36 (<50 points) in 
physical and mental health according to international studies [19]) stood out. Our results highlight the impor-
tance of the assessment of quality of life in CR programs. Other factors that negatively influenced adherence in 
our group were obesity, physical inactivity and smoking. In obese subjects adherence was 25%, with an OR of 
1.64 as a predictor of “lower adherence”. This information is extremely important given the high prevalence of 
overweight and obesity worldwide [17]. Recent evidence has shown that individual or group nutritional coun-
seling within a CR program favorably affects adherence and physical activity compliance [22]. In our center, pa-
tients have free access to a nutritionist within the preventive cardiology unit. However, we did not include this 
variable in the analysis as all our patients are seen by the nutritionist. In view of the findings, it is an important 
variable that may have a positive impact on adherence and should be included in future research. With respect to 
obesity, it was also interesting to realize that, when adjusting for SF-36 health score in the regression model, the 
significance of obesity as a negative prognostic factor for adherence was lost. This finding suggests that these 
two variables may discriminate the same kind of subject, i.e. patients who are more resistant to lifestyle changes. 
Of note, morbidly obese patients in our group had a lower score on SF-36 health than non-obese patients (data 
not shown). 

The harmful effect of smoking on adherence in both men and women, has been previously reported in the li-
terature [14] [23] [24]. In our sample, only 7% of the subjects were smokers. This low prevalence was antic-
ipated as all subjects were secondary prevention patients in whom rates of smoking (especially in the first year 
after the cardiovascular event) are low. Phase-II-CR programs put special emphasis on smoking cessation. In 
general, it is important to ensure that CR programs handle smoking cessation carefully and sensitively so as not 
to alienate smokers who may feel marginalized or defensive about their habit. It has been reported that smokers 
are more likely to remain in CR programs when the difficulties of quitting are known and handled with care [25]. 
Ideally, both obesity and smoking should be managed with complementary therapies and multidisciplinary 
teams. Non-adherence rates could improve when CR programs provide comprehensive care including smoking 
cessation and obesity management.  

Studies have shown that historical sedentary lifestyle also influences non-adherence. In women, dropout from 
CR programs has been strongly associated with previously complete physical inactivity [23]. These data are 
similar to our results in which sedentary women were less adherent to the program. Physical inactivity prior to 
admission to the CR program coupled with obesity and smoking, suggest that dropout from Phase-II-CR pro-
grams may be related to a reluctance to make lifestyle changes. 

Our results also demonstrated that age >65 years old was not a factor associated with less adherence. In con-
trast, when subjects were stratified into age tertiles, we observed that subjects >50 years were more adherent 
than participants aged 17 to 50 years. These data differ from other studies [23] [26] showing that older adults are 
less adherent, likely due to factors such as difficulties in transportation, dependence on third parties to comply 
with the program, and other comorbidities affecting mobility [27]. Our positive findings in older patients may 
have been related to specific characteristics of our program, such as proximity of the center to public transporta-
tion, reminder calls to promote attendance, and individual care of the physical therapist to address joint-related 
pains. 

Participants in our study had a high prevalence of hypertension and dyslipidemia in comparison to other stu-
dies [23] [28]. However, they did not influence adherence as it has been previously shown in one study [23]. 
Dyslipidemia, particularly, hypercholesterolemia and hypertension are conditions that are easily treated with diet 
and medication. In our program at admission and at the end of 36 sessions, all participants complete a survey 
that tests them on their knowledge about cardiovascular RF knowledge. In this survey, we make it clear that 
dyslipidemia is one of the most important RFs for atherosclerosis. All participants had well-controlled blood 
pressure levels and approximately 80% of them reached LDL-C <70 mg/dL. Therefore, it might be speculated 
that dyslipidemia and blood pressure are not barriers to compliance within our program. These results contrast 
with what happened in smokers and obese patients in our group—two factors that are highly dependent on pa-
tients’ motivation to achieve lifestyle changes without help of medications. We did not measure adherence to lipid- 
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lowering medications; however, the high proportion of patients achieving LDL-C <70 mg/dL suggests many pa-
tients were taking statins. Unlike other studies [23] [28], diabetes was not a predictive factor of non-adherence. 
This may have been due to the low prevalence of diabetes in our population.  

Finally, we were interested on the effect of RF clustering on adherence. Patients with >4 RFs were less adhe-
rent to the Phase-II-CR program than those with 0 to 4 RF. With these results we might speculate that patients 
with >4 RFs could have felt that lifestyle changes were impossible to achieve and/or they could have been less 
aware of their illness.  

Our study has several limitations. The main caveat is that this is a retrospective study and it was done in a 
single center and therefore, biased to sample selection. The sample size may have influenced some factors, such 
as the low prevalence of diabetes. Moreover, in the statistical analysis only the factors which were anticipated by 
the literature as predictors of adherence were included in the database.  

5. Conclusion 
Future studies with larger number of subjects or multicenter studies could identify other predisposing factors to 
non-adherence. Until then, it is important to raise awareness about the benefits of Phase-II-CR programs, patient 
expectations, and possible barriers to successful implementation and participation in structured CR programs in 
order to improve adherence rates. 
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Abstract 
Background: Chronic diseases continue to cause high morbidity and mortality in Saudi Arabia. Pa-
tients severing from diabetes mellitus, hypertension and associated complications have recently 
increased and most of these patients find it extremely difficult to understand or cope with their 
illness. The objective of this study is to determine the level of patients’ enablement in chronic dis-
ease and its predictors. Methods: A community based cross-sectional study was conducted be-
tween December 2014 and January 2015. Six hundred and four (604) Patients attending the 
Chronic Disease Clinic in Alwazarat Health center were randomly selected to participate in the 
study. Patients aged 18 years and above, who willingly agreed to participate, were included in the 
study. Self-reported questionnaire was used to determine patient level of enablement. Descriptive 
statistics such as mean and median were calculated and binary logistic regression was employed 
to determine the predictors of patient’s enablement to chronic disease. Results: Our results show 
that five hundred and sixty five (565) out of (604) patients participated in the study with 86.6% 
response rate. Type 2 diabetes mellitus affecting 40.65% while hypertension affecting 37.79% of 
the patients in Al wazarat health center. Patient’s enablement to chronic disease was very low and 
ranged between 2.41 and 1.53 out of 5.0. Binary logistic regression shows that age (male: OR; 0.84, 
95% CI, 0.72 - 1.04, female. OR; 1.04, 95% CI 0.88 - 1.39), marital status (male: OR; 0.72, 95% CI 
0.54 - 1.11, female: OR 1.01; 95% CI 0.82 - 1.29), patient educational level and number of problems 
discussed with physician and consultation length between male patients and their physician were 
statistically significant and correlated with patients enablement to chronic disease (P < 0.05). 
Conclusion: This study shows that patient’s enablement in chronic disease is very low but consti-
tutes an important arm in patients care management. It should be considered as a measurable pa-
tient outcome from healthcare services. More prospective studies on this important topic are 
highly recommended. 
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1. Introduction 
The Global Burden of Disease and Injury study estimated that worldwide death due to chronic conditions is in-
creasing and projected to rise up to about 70% by 2020 [1]-[3]. In Saudi Arabia the improvement in the quality 
of healthcare provided has shifted and reduces death due to infection diseases with similar increase in the preva-
lence of death due to chronic conditions such as diabetic mellitus, hypertension and associated complications [4] 
[5]. Chronic diseases consume a lot of time and efforts from health professions and it is for the benefit of both 
parties that patients enablement is considered highly [6]. Unlink in acute illness, patient with chronic disease 
modify or adapt different behaviors than that prior to their chronic illness [7]. Their behavior depends largely on 
how they accept their illness and how the health care givers organize their services [4]. Although a lot of guide-
lines were published on the management of different chronic disease such as diabetes, hypertension and asthma 
but there is a gap in the effective patient involvement of their own problems [8]. 

It has been shown that in many studies patients enablement plays very significant part in treatment of chronic 
conditions [9] [10]. Patient enablement is defined as the extent to which a patient is capable of understanding 
and coping with his or her health issues [11]. The concept of enablement was further focused in the general 
practice setting, to the extent of the patient’s own feelings of enablement about his/her condition after the medi-
cal consultation [12]. In general practice, the doctor patient consultation is a situation where different issues 
concerning patient health are encountered [13]. In many occasions the patients’ understanding, capability of 
coping with their illness and taking care of themselves are all left un-defined in the hand of the medical service 
provider [14]. Patients present to the primary care settings for various reasons, some of them come for acute 
short trivial problems, and others may come frequently for long standing chronic diseases [2] [15]. Health pro-
motion definition was changing over the years to embrace the process of enabling people to increase control 
over their health and its determinants, and thereby improve their health (Michael P. O’Donnell, 2009) [16]. It is 
expected that health promotion is one of the important part of all these consultation with special considerations 
to chronic diseases [17]. The more enabled the patients about understanding their illness, the better the outcome 
for both patients and the healthcare providers.  

This study’s objective is to assess the level of patients’ enablement in primary care chronic disease clinics and 
determine its main predictors.  

2. Methods 
2.1. Study Design 
An observational cross-sectional study was carried out in Al wazarat Health Center in Riyadh between Decem-
ber 2014 and January 2015. 

2.2. Study Area and Population 
Al Wazarat health center is located in the Middle of Riyadh city. It runs many clinics such chronic disease clinic 
which provides primary care services to Riyadh military personnel, civil employed personnel in the military or-
ganizations and their dependents. Adult patients aged above 18 years with history of chronic illness such as di-
abetes, hypertension and bronchial asthma who willingly agree to participate in the study were included. Only 
patients who have been seen in the center for more than 6month were allowed to participate in the study. Pa-
tients who did not consented to participate in the study and those with who were severely ill were excluded from 
the study. 

2.3. Sample Size and Sampling Method 
A sample size of 669 was calculated using Epi Info 2000 (ATLANTIS 2004) [18]. A convenient sampling me-
thod was adapted because chronic disease patients may lack interest to participate in studies due to their chronic 
conditions.  

2.4. Study Variables 
The study variables were divided into dependent or outcome variable such as patient chronic disease enablement 
while the independent variables were the socio-demographic characteristics such age, gender, marital status and 
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income, employment status and educational level. 

2.5. Study Instrument (Questionnaire) 
The questionnaire was developed by authors form literature and experts from the department of family and 
community medicine department. The questions used are close ended in the Yes and No format. It consisted of 
part one which contain the socio-demographic characteristics and part two had questions about patient’s 
enablement and chronic diseases such as diabetes Miletus, hypertension, hypothyroidism and asthma. It was 
pre-tested on 20 participants with different educational level, validated and then translated into Arabic language 
by two translators. 

2.6. Data Collection 
Data was collected using self-reported questionnaire by a train research assistant. It was administered to partici-
pants who satisfied the inclusion criteria stated above. All privacy and confidentiality were maintained.  

2.7. Data Entry and Analysis 
Collected data was entered into SPSS version 18 for windows by research assistant [19]. Six hundred and four 
patients were approached for the study (604), and five hundred and sixty five (565) participated in the study. 
Forty one study instruments were found to have incomplete data and were removed, the remaining 524 instru-
ment were analyzed. Initial descriptive analysis included frequency, mean and median and percentages were 
carried out. Binary logistic regression was used to predict the association between variables. The dependent va-
riable was enablement score and socio-demographic characteristics were independent variables.  

Ethical approval was obtained before the start of the study. Patient’s confidentiality and privacy were main-
tained throughout the study period. 

3. Results 
Of the 604 study participants 524 returned completed study questionnaire given a response rate of 86.6%. Ma-
jority of the participants were male (58.8%) and the remaining 41.2% were female. Participants with age group 
greater than 42 years of age were 45.9% as compared to 0.6% for participants aged between 18 and 25 years. 
Most of the participants had one form of education or other (89.7%) while only 10.3% were illiterate. Almost 
two third of the participants 65.1% were employed while the remaining 34.9% were unemployed. Table 1 
shows the details of socio-demographic characteristics as described above. Majority of patients had Diabetes 
Milieus (213, 40.65%), followed by hypertension (198, 37.79%) while hypothyroidism was the disease with the 
least prevalence rate of (16, 3.05%) as shown in (Table 2). The highest incidence rate was 0.41 for DM com-
pared with 0.03 for hypothyroidism. 

Table 3 shows the results of patient’s median enablement scores for some socio-demographic characteristics 
and consultations parameters. Median enablement score for male participants was 2.39 as compared to 2.03 for 
females. Out of the total 524 participants 203 or 38.7% knew their doctors very well and had a median enable-
ment score of 2.41. One hundred and eleven or 21.2% of the participants knew their doctors well with median 
enablement score of 2.30. The lest median enablement score was 1.63 for the participants who did not know 
their doctors at all. Participants who discussed one problem with their doctors had highest median enablement 
score of 2.38 as compared to lowest median enablement score of 1.53 for the participants who discussed more 
than three problems with their doctors. Patients with consultations time of 12 to 17 minutes had higher median 
enablement score of 2.31 as compared to a lower median score of 1.82 for those who spent less than five mi-
nutes with their doctors. 

Binary logistic regressions model was utilized t to predict the association between patient enablement to 
chronic disease (Dependent variable) and socio-demographic characteristics and patients consultations character 
as (independent variables). Patient educational level number of problems (related to their chronic disease) dis-
cussed with their physician and consultation length was statistically significant (Table 4) while patients age, 
marital status, employment status and patients knowledge of their physician were not statistically significant. 

Table 4 describes the results of patients enablement in chronic disease as associated with their corresponding 
show demographic characteristics. Patients’ age and marital status were found to be statistically insignificant 
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with p value of 0.315 and 0.084 respectively. Patient educational level for male and female participants was 
found to be statistically significant with p vale of 0.021 and 0.001 respectively. Patient consultation length has 
been found to be statistically associated with their enablement score level with a p value of 0.048. Number of 
problems discussed between patients and their doctors during consultation was also found to be statistically sig-
nificant with their median enablement score with a p value of 0.002 and 0.004 for males and females partici-
pants. 
 

Table 1. Socio-Demographic characteristics of participants (n 
= 524). 

Variable N % 

Gender   

Female 216 41.2 

Male 308 58.8 

Total 524 100 

Age (Years)   

18 - 25 034 06.49 

26 - 33 092 17.56 

34 - 41 156 29.77 

>42 242 45.92 

Total 524 100 

Marital status   

Married 293 55.92 

Single 58 11.07 

Divorced 127 24.24 

Widow 29 5.54 

Widower 17 3.24 

Total 524 100 

Education level   

No formal schooling 54 10.31 

Primary school 148 28.24 

Secondary school 169 32.25 

University 134 25.57 

Postgraduate 19 3.63 

Total 524 100 

Employment Status   

Not employed 183 34.92 

Employed 341 65.08 

Total 146 100 
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Table 2. Types of chronic disease and number of patients in follow up with Chronic Diseases Clinic in Wazarat Family 
Medicine Center (n = 524). 

Chronic Disease Patient Number (N) Percentage (%) Prevalence Rate 95% Confidence Interval 

Diabetes Mellitus 213 40.65 0.4065 0.3537 - 0.4649 

Hypertension 198 37.79 0.3779 0.3271 - 0.4343 

Bronchial Asthma 42 8.02 0.08015 0.05777 - 0.10834 

hypothyroidism 16 3.05 0.03053 0.01745 - 0.0495955 

Other chronic illness 55 10.50 0.105 0.0791 - 0.1366 

Total 524 100   

 
Table 3. Consultation parameters and calculated patients enablement score (n = 524). 

 Patient No Percentage (%) Median Enablement Score 

Gender    

Female 216 41.2 2.03 

Male 308 58.8 2.39 

Total 524 100  

Patients level of knowing the doctor    

Very well 203 38.7 2.41 

Well 111 21.2 2.30 

Fairly well 86 16.4 1.99 

Not at all 124 23.7 1.63 

Total 524 100  

No of problems discussed by participants    

1 128 24.5 2.38 

2 - 3 349 66.6 2.1 

>3 47 8.9 1.53 

Total 524 100  

Length of consultation (minutes)    

0 - 5 58 11.1 1.82 

6 - 11 259 49.4 1.93 

12 - 17 122 23.3 2.31 

>17 85 16.2 1.73 

Total 524 100  
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Table 4. Association between Patient Enablement in chronic disease and Patients socio-demographic and consultation cha-
racters. 

Predictor Male (Odds ratio with 95% CI) p Female (Odds ratio with 95% CI) p 

Age 0.84 (0.72 - 1.04) 0.435 1.04 (0.88 - 1.39) 0.315 

Education 1.25 (1.02 - 1.83) 0.021* 1.18 (0.93 - 1.25) 0.001* 

Marital status 0.72 (0.54 - 1.11) 0.712 1.01 (0.82 - 1.29) 0.084 

Consultation length 0.99 (0.83 - 1.29) 0.048* 0.92 (0.87 - 1.01) 0.223 

Knowing the Physician 1.00 (0.99 - 1.07) 0.062 1.03 (1.00 - 1.28) 0.082 

No of Problems discussed  
with the physician 0.86 (0.74 - 1.05) 0.002* 0.98 (0.75 - 1.02) 0.004* 

Employment status 1.55 (1.32 - 2.07) 0.142 1.65 (1.48 - 1.85) 0.245 

*p-value less than 0.05 is considered statistically significant. 

4. Discussion 
Patients enablement which is about patients ability to understand their sickness and cope with it, in clinical prac-
tice generally depend on two important elements namely “holism” which, is an approach to construction of di-
agnoses and patient-centered care which is defined as the use of adequate consulting skills in identifying patients’ 
priorities and concerns and the appropriate involvement of patients in making decisions about their care.  

This study found that the average total chronic disease patient’s enablement score was very low and ranged 
between 2.41 and 1.53 out of 5.0, these values can also be compared to similar finding by John GR and colleges 
who found an enablement score of about 44.1% [20]. 

Male participants had high enablement compared to their female counterpart in the study. Patients who knew 
their doctors before consultation were also more enabled compared to those who did not know their doctors be-
fore consultation. Patient’s enablement was found to be affected by the consultation language, consultation time, 
number of problems discussed between the patients and their physician and ethnic differences [21]-[23]. In our 
study Arabic language was the main consultation language and the embalmment score was lower (2.41) when 
compared with other similar studies in UK, USA and Poland. Patients enablement was higher in similar study in 
UK (3.1) and (3.6) in Poland [24]. It is important however to put the educational level of patient and their cul-
ture into consideration when comparing patients chronic disease enablement in Saudi Arabia with their counter-
part in UK and USA. Saudi Arabia is conservative society as compared to other western countries like UK, this 
significantly affecting patient’s doctor relationship and is clearly reflected in low patient’s enablement. Patients 
in UK tend to be more aware of their treatment right during consultation and as such engaged more freely with 
their health care provider than in our study [25].  

The median score for patient enablement was found to be between 2.41 to 1.53. It was clearly affected by pa-
tient’s doctor relationship, length of consultation and number problems discussed by the patients with his physi-
cian. Patients who knew his physician very well had the highest enablement score compared to those who did 
not knew their physician at all, this result was similar to study conducted by other researcher [26]. Those who 
had average consultation time of 12 - 17 minutes same to have the highest enablement score (12 - 17, 2.31) 
compared to those with short consultation time of (0 - 5, 1.82). From Table 4 above it is also obvious that the 
number of problems discussed by patients with their physician also significantly affected the patient chronic 
disease enablement.  

Our findings are important and can be utilized to improve the healthcare services provided to patients with 
chronic diseases in Saudi Arabia and the gulf region as well. Improving patient’s enablement level will help 
them to understand and coup more effectively with their chronic disease.  

The study findings just like other studies have some limitations which may have affected our results. We have 
improved the language, contents and design of our study instruments in order to overcome the recall bias. The 
generalizability of this study may be limited to Al Wazarat health center and other primary care health center as 
the authors could not conduct a multi-center study due to limitation of resources. The clinical and practical value 



R. K. Al Momen et al. 
 

 
621 

of this study is very important to doctors as findings could be utilized for managing future patients with similar 
chronic disease in Al Wazarat center and other primary health care settings. From the findings patients’ consul-
tation time, number of problems to be discussed during consultations and patients doctors’ relationship should 
be highly considered. Patient’s clinical outcome depends mainly on their full enablement in discussing their 
health problems freely with their doctors within a sufficient consultation time and concentration on only one or 
two health important problems affecting their health. 

In conclusion this is one of the first studies to discuss in details patients enablement to chronic disease in the 
Kingdom of Saudi Arabia. Our findings are important and can be utilized to improve the healthcare services 
provided to patients with chronic diseases in Saudi Arabia and the gulf region as well. Improving patient’s 
enablement level will help them to understand and cope more effectively with their chronic disease. 
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Abstract 
Aims: To retrospectively investigate the prevalence and characteristics of treatment-resistant 
hypertension (R-HT) among consecutive hypertensive outpatients, since patients with R-HT are 
candidates for catheter-based renal sympathetic denervation (RD). Methods: Consecutive hyper-
tensive outpatients (n = 999) were recruited in our hospital. R-HT patients who were candidates 
for RD had clinic systolic blood pressure > 160 mmHg despite taking three or more antihyperten-
sive drugs including at least one diuretics at higher than standard doses. Results: Our survey indi-
cated that only 26 patients (2.6%) were potential candidates for renal denervation. Candidates for 
RD showed a significantly higher age (P < 0.005), brain natriuretic peptide level (P = 0.0001), uri-
nary albumin/creatinine excretion ratio in spot urine (P < 0.005), pulse wave velocity (P < 0.01), 
left ventricular end-diastolic diameter (P < 0.005), and interventricular septal thickness (P < 
0.005) than the other 973 patients. Candidates for denervation had a significantly lower hemoglo-
bin (P = 0.0001), serum albumin (P < 0.001), eGFR (P < 0.0005), plasma renin activity (P = 0.0001), 
and plasma aldosterone level (P < 0.005) than other patients, while their urinary sodium/creati- 
nine ratio was higher, indicating that patients with R-HT appeared to have a high salt intake. Con-
clusion: Our retrospective clinical survey indicated that only 0.5% of Japanese hypertensive out-
patients (5/999 patients) were candidates for RD. Therefore, establishment of hypertension co-
hort network will be essential to recruit R-HT patients for RD. 
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1. Introduction 
Development of better antihypertensive drugs during the last 40 years has led to marked improvement of out-
comes and there is a trend for the mean blood pressure (BP) to decrease in Japan and worldwide. However, the 
prevalence of hypertension is still increasing in developed countries as the population is aging rapidly. Hyper-
tension remains the single most important lifestyle-related disease, and it is estimated that there are approx-
imately 43 million persons with HT in Japan [1]. Including people with high normal blood pressure, the 
so-called spare group of HT, the total number could be more than 60 million. Therefore, management of hyper-
tension is essential for preventing cardiovascular disease both in people with hypertension and those with high 
normal blood pressure, as has been demonstrated by many clinical studies of antihypertensive drugs. 

It is sometimes very difficult to manage hypertension, which is known as treatment-resistant hypertension 
(R-HT), and there may be poor control of both ambulatory and home BP despite using 5 or 6 antihypertensive 
drugs. Several studies performed in Australia and Europe have demonstrated that catheter-based renal sympa-
thetic denervation (renal denervation) is effective for R-HT [2]-[4], and this treatment will be investigated in 
Japan in near future. However, the blinded Symplicity HTN-3 trial did not show a significant decrease of BP af-
ter renal denervation compared with the sham control [5], and this result has led to controversy [6]. 

R-HT is often secondary hypertension, and it is important to screen for underlying causes. If it is not second-
ary hypertension, it is classified as R-HT of unknown etiology, but the prevalence and characteristics of such 
hypertension have not been determined in Japanese patients. Also, the characteristics of R-HT patients who are 
indicated for renal denervation have not been clarified. If this were done, it would be easier to identify patients 
who could benefit from renal denervation and would allow assessment of the need for this procedure in Japan. 
Therefore, the present study was performed to determine the characteristics of R-TH patients in Japan and the 
proportion of such patients who are candidates for renal denervation. 

2. Methods 
2.1. Study Population 
Consecutive outpatients with hypertension (n = 999) attending Fukuoka University Chikushi Hospital (Fukuoka, 
Japan) from April 2006 to March 2013 were recruited for analysis. Office BP was measured by a standard 
sphygmomanometer in the sitting position after several minutes sedation and routine physical examination was 
performed. Patients with a total cholesterol level >220 mg/dL (5.69 mmol/L) or triglycerides >150 mg/dL (3.88 
mmol/L) or taking lipid-lowering agents were considered to have dyslipidemia. Patients who were being treated 
for diabetes mellitus or who had symptoms of diabetes and a fasting glucose level >126 mg/dl (7.0 mmol/L) 
were considered to have diabetes. Otherwise, the results of a 75 g oral glucose tolerance test were used to diag-
nose diabetes. Coronary heart disease (CHD) was diagnosed by coronary angiography at the time of enrollment. 
Patients who were smoking at enrollment were defined as smokers. 

Exclusion criteria were stroke, myocardial infarction, other serious cardiovascular complications requiring 
hospitalization within the previous 6 months, dialysis, acute renal failure, pregnancy and other reasons which 
made the patient inappropriate for the study in the judgment of the attending physician. 

The protocol for this cross-sectional observational study to determine the clinical profile of Japanese R-HT 
patients was approved by the institutional review board of Fukuoka University Chikushi hospital, and written 
informed consent was given by all patients before data sampling. 

2.2. Definition of Treatment-Resistant Hypertension 
2.2.1. R-HT 
The guidelines of the European Society of Cardiology and the American Herat Association define R-HT as sys-
tolic BP (SBP) ≥ 140/90 mmHg despite lifestyle modification and treatment with 3 or more oral antihyperten-
sive drugs, including a diuretic and 2 or more other antihypertensive drugs at standard or higher doses [7] [8]. In 
this study, we defined R-HT as an SBP ≥ 140 mmHg despite treatment with 3 oral antihypertensive drugs. 

2.2.2. R-HT Candidates for Renal Denervation 
In the Symplicity HTN-2 study, R-HT patients indicated for renal denervation were defined by a baseline SBP ≥ 
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160 mmHg despite treatment with 3 antihypertensive drugs including a diuretic or SBP ≥ 150 mmHg in patients 
with type 2 diabetes [4]. 

In the present study, we defined R-HT patients who were candidates for renal denervation as having a base-
line SBP ≥ 160 mmHg despite treatment with 3 or more oral antihypertensive drugs including 1 diuretic. 

For standard antihypertensive therapy, it is recommended that diuretics should be used in combination with 
calcium channel blockers (CCB) or renin-angiotensin system inhibitors (RAS-I) such as angiotensin II receptor 
blockers (ARB) and angiotensin-converting enzyme inhibitors (ACE-I) (Guidelines for Management of Hyper-
tension 2014). According to the results of the ASCOT study and the LIFE study, RAS-I including ARB and 
ACE-I, CCB, and thiazide diuretics are the commonly used antihypertensive agents [1] [2]. In the present study, 
the definition of R-HT also required patients to be taking at least 3 classes of antihypertensive drugs (RAS-I, 
CCB, and diuretics). Because the combination of ARB and ACE-I is not strongly recommended based on the 
results of the ONTARGET study, combination therapy with drugs from these 2 classes was counted as 1 anti-
hypertensive agent [3]. 

2.3. Laboratory Tests 
In addition to the routine laboratory tests, we measured brain natriuretic peptide (BNP). The estimated glomeru-
lar filtration rate (eGFR) was calculated using the formula for Japanese patients [4]. To exclude secondary 
hypertension, a blood sample for endocrine tests was collected from the cubital vein after each patient had rested 
in the supine position for 30 minutes in the hospital. Various endocrine parameters were measured, including the 
plasma renin activity (PRA), plasma aldosterone concentration (PAC), plasma adrenaline, plasma noradrenalin, 
plasma dopamine, serum cortisol, serum thyroid stimulating hormone, and serum free thyroxine. As urine para-
meters, spot urinary albumin (U-alb), spot urinary sodium (U-Na), spot urinary uric acid, and spot urinary crea-
tinine (U-cre) were determined. 

2.4. Brachial-Ankle Pulse Wave Velocity 
The brachial-ankle pulse wave velocity (baPWV) was measured by using a PWV/ABI apparatus (Omron Colin 
Co., Ltd.). 

2.5. Transthoracic Echocardiography 
An experienced sonographer obtained all echocardiography data, which was interpreted by an experienced staff 
echocardiographer. The examinations included M-mode, 2-dimensional, conventional Doppler, and color Dopp-
ler echocardiography, with the parameters assessed being the left ventricular end-diastolic diameter (LVDd), in-
terventricular septal thickness (IVST), and ejection fraction (EF). 

2.6. Statistical Analysis 
As items and values to compare , we used gender, smoking history, age, body mass index, white blood cells, 
hemoglobin (Hb), platelet count, albumin, γ-GTP, hemoglobin A1c (HbA1c), eGFR, uric acid, high-density li-
poprotein, low-density lipoprotein, triglycerides, non-esterified fatty acids, C-reactive protein, BNP, baPWV, 
LVDd, IVST, EF, urinary examination and endocrine parameters. 

Statistical analysis was performed using the SAS software package (version 6.12, SAS Institute Inc., Cary, 
NC, USA). Results are reported as the mean ± standard deviation (SD).  

Categorical and continuous variables were compared between the groups by chi-square analysis and analysis 
of variance, respectively, and P < 0.05 was considered significant. Univariate analysis and multivariate analysis 
(logistic regression) were performed to identify independent factors for R-HT. 

3. Results 
We screened 999 outpatients with hypertension and found 65 patients (6.5%) who had R-HT. Among them, 26 
patients (2.6%) fitted the criteria to be candidates for renal denervation (Table 1). These 26 patients included 12 
men and 14 women with a mean age of 74.5 years, SBP of 170.8 mmHg, diastolic BP (DBP) of 77.9 mmHg, 
and pulse rate of 70.8/minute. Twenty-five patients were being treated with ARB, 5 with ACE-I, and 4 with  
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Table 1. Patients with R-HT who were candidates for renal denervation (renal denervation group). 

Patient Gender Age,  
Year DM Dyslipidemia CHD  

history Smoking SBP 
(mmHg) 

DBP 
(mmHg) 

HR  
(bpm) eGFR HbA1c  

(%) 

1 F 66 N Y N N 168 67 63 63.6 5.7 

2 M 74 N Y N N 164 70 63 46.2 5.5 

3 M 72 Y Y N N 166 95 78 63.8 6.1 

4 F 92 Y Y N N 162 65 54 68.5 6.2 

5 F 68 N N N N 179 87 65 91.2 5.4 

6 M 74 N Y N N 163 67 75 72.0 5 

7 F 74 N Y N N 178 82 71 61.6 4.9 

8 M 82 Y N N N 170 78 82 54.8 5.5 

9 F 75 N N AP N 168 57 70 26.6 5 

10 M 66 Y Y N N 182 84 68 101.9 5.8 

11 M 82 Y Y AP N 160 77 83 28.8  

12 F 72 N N N N 160 83 93 62.1 5.4 

13 M 73 N Y N N 166 70 58 63.5  

14 F 54 N N N N 170 103 89 79.8 5.4 

15 F 76 N Y N N 163 71 55 41.4 5.4 

16 M 60 Y Y N N 160 111 105 59.9 6.1 

17 F 86 Y N N N 187 69 64 39.9 6 

18 F 77 N Y N N 181 85 67 60.9 5.8 

19 F 79 N N N N 161 73 61 87.3 5.4 

20 F 78 Y Y N N 169 68 75 21.6  

21 M 81 Y N N N 163 65 73  7 

22 F 83 N N N N 196 79 73 59.6 5.2 

23 M 64 Y Y N N 170 75 62 37.7 6.6 

24 M 86 N N N N 192 92 63 9.7 4.3 

25 F 80 N Y AP N 169 75 64 60.2 5.1 

26 M 63 Y Y N Y 173 78 68 14.1  

Treatment-resistant hypertension, R-HT for RD; M, male; F, female; DM, diabetes mellitus; Y, Yes; N, No; CHD, coronary heart disease; AP, angina 
pectoris; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; bpm, beats per minute; eGFR, estimated glomerular filtration 
rate (ml/min/1.73 m2); HbA1c, hemoglobin A1c. 
 
ARB plus ACE-I (Table 2). All patients were taking CCB, including 3 taking 2 or 3 CCB. All were taking di-
uretics, including 5 patients using spironolactone. In addition, 8 patients were taking beta-blockers or alpha- 
blockers. 

Eight patients had chronic kidney disease with an eGFR < 45 ml/min/1.73 m2, accounting for 31% of the can-
didates for renal denervation. 

The 65 patients with R-HT were divided into 2 groups, a renal denervation group (26 candidates for denerva-
tion) and a non-denervation group (the other 973 patients who were not candidates), for comparison by univariate  
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Table 2. Medication of R-HT for RD patients. 

Patient ARB ACE-I name CCB name Diuretic Sympathetic Spironolactone Vasodilator 

1 Candesartan Ｉmidapril Amlodipine Y N Y N 

2 Losartan  Cilnidipine Y N N N 

3 Losartan  Benidipine Y N N N 

4 Valsartan  Cilnidipine Y N N Y 

5 Losartan  Nifedipine Y Y N N 

6 Losartan Ｉmidapril Cilnidipine Y N N N 

7 Valsartan  Amlodipine Y N N N 

8 Valsartan, Losartan  Azelnidipine, Cilnidipine Y Y Y N 

9 Valsartan  Nifedipine Y Y N Y 

10 Losartan  Cilnidipine Y N N N 

11 Ｉrbesartan, Losartan  Diltiazem Y N N N 

12 Telmisartan  Benidipine Y N N N 

13 Valsartan  Amlodipine Y N N N 

14 Valsartan Ｉmidapril Amlodipine Y N Y N 

15 Olmesartan Lisinopril Nifedipine Y N N N 

16 Losartan  Nifedipine Y N N N 

17 Olmesartan  Azelnidipine Y N Y N 

18 Losartan  Amlodipine Y Y N N 

19 Valsartan  Cilnidipine Y N N N 

20 Olmesartan  Cilnidipine, Azelnidipine,  
Nifedipine Y Y N N 

21 Valsartan  Nifedipine Y N N Y 

22 Candesartan  Nifedipine Y N N N 

23 Candesartan  Amlodipine, Nifedipine Y Y Y N 

24 Ｉrbesartan  Diltiazem Y N N Y 

25 Olmesartan  Diltiazem Y Y N Y 

26  Enalapril  Nifedipine Y Y N N 

ARB, angiotensin II receptor blocker; ACE-I, angiotensin converting enzyme inhibitor; CCB, calcium channel blocker; For other abbreviations, see 
Table 1. 
 
analysis (Table 3). The age, BNP, U-alb/U-cre ratio, baPWV, LVDd, and IVST were significantly higher/larger 
in the renal denervation group compared with the non-denervation group, while the levels of Hb, serum albumin, 
eGFR, PRA, PAC, and thyroxine were significantly lower. The U-Na/U-cre ratio tended to be higher in the renal 
denervation group. Complete data on HbA1c, eGFR, and BNP were not available for some patients, and they 
were excluded from the relevant univariate analyses. 

In addition, we investigated independent factors related to patients being indicated for renal denervation by 
multivariate analysis, but we could not identify any significant factors. 
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Table 3. Comparison of the renal denervation (RD) group with the other patients (Non-RD group). 

 
RD group (N=26) non-RD group (N = 973)  

Frequencyy Ratio (%) Frequency Ratio (%) p value 

Gender (Male) 12 46.2 512 52.7 NS 

Smoking 1 3.9 156 16.0 NS 

 n Mean ± S.D n Mean ± S.D p value 

Age, years 26 74.5 ± 8.8 973 66.3 ± 13.5 <0.005 

BMI, kg/m2 26 24.5 ± 3.1 968 23.4 ± 3.5 NS 

WBC, 103/μL 26 5.77 ± 1.37 969 5.50 ± 1.81 NS 

Hb, g/dl 26 12.2 ± 2.2 969 13.4 ± 1.7 0.0001 

PLT, 104/μL 26 20.1 ± 8.0 969 20.1 ± 5.5 NS 

Alb, g/dL 24 4.0 ± 0.7 916 4.2 ± 0.4 <0.001 

γ-GTP, U/L 26 26.9 ± 13.1 958 40.1 ± 71.4 NS 

HbA1c, % 22 5.6 ± 0.6 913 5.6 ± 0.8 NS 

eGFR, ml/min/1.73 m2 25 55.1 ± 23.4 966 66.2 ± 19.1 <0.0005 

UA, mg/dL 25 5.7 ± 1.6 959 5.4 ± 1.3 NS 

HDL, mg/dL 25 65.5 ± 19.6 958 59.6 ± 14.5 0.09 

LDL, mg/dL 25 104.1 ± 22.9 956 112.6 ± 28.1 NS 

TG, mg/dL 25 111.8 ± 60.6 957 119.3 ± 75.2 NS 

NEFA,μEq/L 20 565.6 ± 180.6 839 499.0 ± 234.7 0.095 

CRP, mg/dL 24 0.1 ± 0.1 953 0.3 ± 1.2 NS 

BNP, pg/mL 23 134.1 ± 254.6 861 47.9 ± 126.8 0.0001 

baPWV, cm/sec 22 2079 ± 707 798 1790 ± 459 <0.01 

LVDd, mm 24 50.7 ± 5.6 812 47.8 ± 4.8 <0.005 

IVST, mm 24 9.3 ± 1.7 813 8.4 ± 1.4 <0.005 

EF, % 24 66.8 ± 7.5 808 66.7 ± 7.9 NS 

Spot U-alb/U-cre ratio* 24 417.9 ± 1072.9 902 78.1 ± 421.7 <0.005 

Spot U-UA/U-cre ratio* 23 0.5 ± 0.2 878 0.5 ± 0.2 NS 

Spot U-Na/U-cre ratio** 22 2.1 ± 1.4 860 1.7 ± 1.2 0.07 

PRA, ng/ml/h 10 0.9 ± 0.8 292 1.5 ± 2.2 0.0001 

PAC, pg/mL 10 38.2 ± 17.8 293 70.0 ± 61.0 <0.005 

Adrenaline, pg/mL 9 42.1 ± 26.9 287 37.2 ± 29.4 NS 

Noradrenalin, pg/mL 9 578.9 ± 551.0 287 384.8 ± 186.4 NS 

Dopamine, pg/mL 9 18.2 ± 14.5 287 15.7 ± 48.7 NS 

Cortisol, μg/dL 9 9.3 ± 3.4 286 10.1 ± 4.9 NS 

TSH, μIU/mL 8 58.9 ± 161.7 321 2.1 ± 2.8 <0.05 

FT4, ng//dL 8 1.1 ± 0.4 321 1.2 ± 0.2 <0.001 
*(mg/dL)/(mg/dL); **(mmol/L)/(mg/dL); BMI, body mass index; WBC, White blood cells; Hb, hemoglobin; Plt, platelet count; alb, albumin; UA, uric 
acid; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; NEFA, non-esterified fatty acids; CRP, C-reactive protein; 
BNP, brain natriuretic peptide; baPWV, brachial-ankle pulse wave velocity; LVDd, left ventricular end-diastolic diameter; IVST, interventricular 
septal thickness; EF, ejection fraction; U, urinary; cre, creatinine; Na, sodium; PRA, plasma renin activity; PAC, plasma aldosterone concentration; 
TSH, thyroid stimulating hormone; FT4, free thyroxine; For other abbreviations, see Table 1. 
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4. Discussion 
The major findings of the present study were as follows:  

1) Among 999 outpatients with hypertension, 6.5% (n = 65) had R-HT and 2.6% (n =2 6) were candidates for 
renal sympathetic denervation (renal denervation group).  

2) Compared with the 973 patients who were not indicated for denervation (non-denervation group), the renal 
denervation group was older, had a higher BNP, U-alb/U-cre ratio, U-Na/U-cre ratio, and baPWV, and had a 
higher LVDd and greater IVST on echocardiography. In addition, the renal denervation group had lower levels 
of Hb, albumin, eGFR, PRA, PAC, and thyroxine compared with the non-denervation group. 

4.1. Characteristics of the Renal Denervation Group 
According to the National Health and Nutrition Examination Survey conducted in the United States, 8.9% of 
adult patients with hypertension have R-HT and 12.8% of patients taking antihypertensive drugs have R-HT [5]. 
Compared with the United States, the prevalence of R-HT was lower (6.5%) in Japanese patients according to 
this study. Since it is known that salt intake is substantially higher among Japanese people than western popula-
tions [6], it is probable that diuretics are effective and reduce the prevalence of R-HT in Japan. Indeed, the lower 
PRA and PAC of our renal denervation group are characteristic of excessive salt intake [7]. The U-Na/U-cre ra-
tio is a simple marker of salt intake used in clinical practice [8], and this ratio tended to be higher in our renal 
denervation group. Thus, it is likely that many patients in the renal denervation group had excessive salt intake. 

Although there was a significant difference of thyroid hormone levels between the renal denervation group 
and the non-denervation group, 1 patient (No. 24) with thyroid dysfunction in the renal denervation group 
seemed to influence this result since the significant difference disappeared when data were analyzed after ex-
cluding the data of this patient. There were no significant differences of catecholamines between the 2 groups. In 
the renal denervation group, eGFR was significantly lower than in the non-denervation group and chronic kid-
ney disease was more frequent (50%: 13/26 patients) than in the non-denervation group with (34%: 332/973 pa-
tients). 

The high frequency of albuminuria and hypoalbuminemia in the renal denervation group may have been sec-
ondary to chronic kidney disease. The renal denervation group had a significantly lower Hb than the non-   
denervation group and showed a tendency for anemia, which could be related to lower erythropoietin production 
due to chronic kidney disease or hemodilution due to impaired excretion water resulting from renal dysfunction. 

In the renal denervation group, patients tended to have left ventricular hypertrophy based on the echocardio-
graphy findings and BNP was also high. Thus, there was evidence of progressive cardiac remodeling associated 
with hypertension in this group. 

Patients in the renal denervation group also showed a high baPWV, indicating advanced arterial stiffness. 
Therefore, despite treatment with multiple antihypertensive drugs, R-HT patients who were candidates for renal 
denervation had evidence of multiple organ impairment, a finding consistent with previous reports. 

4.2. Investigating Candidates for Renal Denervation 
A clinical trial of renal denervation was started in Japan, but it was halted in December 2014 due to difficulty in 
recruiting patients. One of the reasons for this outcome is that the indications for renal denervation are extremely 
limited [9]. In investigations of renal denervation, it is necessary to set limits on blood pressure and renal func-
tion, as well as excluding patients with secondary hypertension and masked-hypertension [10]. Because patients 
who require 3 antihypertensive drugs tend to have nephrosclerosis and renal dysfunction, many of them are un-
suitable for renal denervation. 

In the Symplicity HTN-3 study, patients between the ages of 18 and 80 were indicated for renal denervation 
[11]. In our study, 7 out of 26 candidate patients were at least 81 years old and thus were excluded. Another 3 
patients (Nos. 18, 19, and 25) had reached the age of 81 at the time of performing this analysis, so they were al-
so excluded, resulting in 10 patients (38%) being excluded because of their age. 

Next, patients with chronic kidney disease and an eGFR < 45 ml/min/1.73 m2 were excluded based on the 
published indications [11]. In this study, 8 of the candidates for renal denervation (31%) had an eGFR < 45 
ml/min/1.73 m2. 

Taken together, the criteria for age and renal function excluded 15 of our candidate patients (58%) from renal 
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denervation, so these two factors seem to have a substantial influence on the number of patients who can actual-
ly undergo denervation. 

The details of the remaining 11 patients are shown in Table 4. Before performing renal sympathetic denerva-
tion, it is necessary to exclude secondary causes of hypertension, such as renovascular hypertension, endocrine 
diseases including primary aldosteronism, Cushing syndrome, pheochromocytoma, hyperthyroidism, sleep ap-
nea syndrome, and drug-induced hypertension [12]. 

In screening for primary aldosteronism, a PAC/PRA ratio >200 is usually employed [7] [13]. Two patients 
(Nos. 5 and 6) had a PAC/PRA ratio >200 and were suspected to have primary aldosteronism, so they were ex-
cluded from the renal denervation group for further assessment. 

Another patient (No. 16) had a very high renin level that suggested renovascular hypertension and was also 
excluded (Figure 1). 

There were no patients with suspected pheochromocytoma and no patients with pseudoaldosteronism caused 
by excessive consumption of licorice. 

Since BP can be increased by salt intake, it is important to try lifestyle modification including control of salt 
intake before performing renal denervation. We evaluated salt intake from the U-Na and U-cre levels [8] [14], 
and identified 3 patients (Nos. 1, 12 and 13) who apparently had excessive salt intake. It was considered likely 
that salt restriction would improve the BP of these patients. 

Finally, as shown in Figure 1, 5 out of 999 consecutive patients with hypertension were indicated for renal 
denervation, representing 0.5% of the subjects in our study. Of course, it is not clear that all of these patients 
would give consent to renal denervation and we also did not determine whether their renal artery anatomy was 
suitable, which would require further examination by renal arteriography, computed tomography, and ultra-
sound. 

Thus, our study found very few hypertensive patients in whom renal denervation was indicated. In a similar 
study of 1756 hypertensive patients, only 14 patients (0.8%) were indicated for renal denervation [15], which is 
comparable to our rate of 0.5%. It has been reported that there are approximately 43 million hypertensive pa-
tients in Japan [16]. Since the prevalence of R-HT was 2.6% in our study, it can be estimated that there are ap-
proximately 1.12 million patients with R-HT in Japan, suggesting that renal denervation may be indicated in 
around 220,000 patients because the rate was 0.5% in the present study. Clinical trials of renal denervation in 
Japan would seem to have a problem with recruiting patients, but we first need to identify more patients with 
R-HT by screening and education. For example, establishing a large clinical cohort of hypertensive patients like  
 
Table 4. Endocrine findings in R-HT candidates for renal denervation. 

Patient Gender Age BMI PRA 
(ng/ml/h) 

PAC 
(pg/ml) ARR U-Na 

(mEq/L) 
U-Cre 

(mg/dL) 
Salt intake 

(g/day) 

1 F 66 32.8 0.4 66.3 165.8 76 10.8 16.3 

2 M 74 27.1 0.3 36.2 120.7 92 86.6 8.9 

3 M 72 24.3 0.4 39.7 99.3 106 167.2 7.6 

5 F 68 21.1 0.2 104 520.0 49 50.6 6.9 

6 M 74 25.7 0.2 71.3 356.5 166 132.6 9.1 

7 F 74 20.0 0.7 65.5 93.6 158 73.4 9.5 

10 M 66 22.8 2.5 51.7 20.7 87 56.8 10 

12 F 72 22.4 1.5 38.9 25.9 121 17.3 16.7 

13 M 73 29.2 0.5 42.6 85.2 172 96.9 12.5 

14 F 54 23.1 2.2 118 53.6 87 290.4 4.7 

16 M 60 22.9 >20 37 <1.85 97 608 <4.8 

ARR, PAC/PRA ratio; For other abbreviations, see Table 1 and Table 3. 
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Among 999 patients with hypertension (HT), there were 26 patients with resistant hyperten-
sion (R-HT) who were candidates for renal denervation. In this group, 10 patients were too 
old (>81 years) and 8 had chronic kidney disease (CKD). Because these patients overlapped, 
only 15 were excluded due to old age and CKD. The remaining 11 patients included 2 with 
suspected primary aldosteronism (PA), 1 with renovascular HT, and 3 with high salt intake. 
Finally, only 5 patients remained as candidates for renal denervation. 

Figure 1. Selection of patients for renal denervation. 
 
those at hypertension centers in Germany may help to identify R-HT patients by screening. Thus, we realized 
that not only for renal deneravation but for treatment of R-HT establishment of a large cohort including mild to 
severe hypertensive out patients was primary requirement. 

It has been reported that renal denervation is more effective in patients with a higher BP before the procedure 
[17], suggesting that our patients No. 2 and No. 6 might be good candidates. 

It was reported that Chinese are more sensitive than Caucasians to the effects of the beta-blocker propranolol 
on the pulse rate and BP [18]. Because Asians appear to be more sensitive to beta-blockers, renal denervation 
may be more effective for Asian patients with R-HT, and patients who have tachycardia like our No. 16 could be 
good candidates. 

One cause of difficulty in controlling BP is poor adherence to medication, while good adherence can signifi-
cantly improve control and reduce the risk of cardiovascular disease [19]-[21]. If a patient has to take multiple 
drugs, adherence is more likely to decrease, while reducing the frequency of medication or employing combina-
tion drugs can improve both adherence and BP [22] [23]. Thus, combining antihypertensive therapy and renal 
denervation may improve the prognosis of selected patients with hypertension. 

4.3. Clinical Implications 
After we started screening for renal denervation candidates at our hospital, we found more patients with second-
ary hypertension than before including cases of primary aldosteronism, renovascular hypertension, and pseu-
doaldosteronism due to licorice. This has led to an increase of adrenal venous sampling, renal arteriography, and 
arterioplasty at our hospital due to more comprehensive treatment of secondary hypertension. By results of this 
study, we realized the importance of diagnosis of secondary hypertension, intensive care by antihypertensive 
drugs and sodium restriction treatment. 

Renal denervation will be recognized as a cost-effective intervention for hypertension if it improves life ex-
pectancy and other variables in outcome studies. In terms of surrogate endpoints, there is already evidence that 
renal denervation decreases arrhythmias such as atrial fibrillation, proteinuria, diabetes, sleep apnea syndrome, 
congestive heart failure, arteriosclerosis, and left ventricular remodeling [24]-[31]. More recently, it was re-
ported that renal denervation improves depression and the quality of life [32] [33], while targeting suitable pa-
tients may contribute to reduction of medical expenses. 
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5. Limitations 
Since this was a retrospective cross-sectional observational study, the findings are not conclusive. In addition, 
we did not employ ambulatory BP monitoring and only assessed the office BP, so it would be desirable to eva-
luate home BP and nocturnal BP in further studies. We also did not distinguish masked R-HT and sleep apnea 
syndrome from R-HT. Furthermore, we did not analyze adherence to medication or the doses of antihyperten-
sive drugs used by the patients. Finally, complete data were not available for some patients and multivariate 
analysis failed to identify factors with an independent influence on R-HT. 

6. Conclusion 
In this retrospective analysis, we found that there were very few patients with R-HT among consecutive new 
outpatients with hypertension, and that renal denervation was indicated for only 0.5% of new hypertensive pa-
tients. Patients in whom renal denervation was indicated often had cardiomegaly and arteriosclerosis, and salt 
sensitivity was sometimes suspected as the underlying cause. Because many of the patients who may benefit 
from renal denervation have not been identified, it seems important to establish a cohort study that facilitates 
assessment of patients with R-HT. 
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Abstract 
Medicinal plants have played an essential role in the development of human culture. Medicinal 
plants are resources of traditional medicines and many of the modern medicines are produced in-
directly from plants. This study illustrates the importance of traditional and modern medicines in 
the treatment and management of human diseases and ailments. It has been confirmed by WHO 
that herbal medicines serve the health needs of about 80 percent of the world’s population; espe-
cially for millions of people in the vast rural areas of developing countries. Meanwhile, consumers 
in developed countries are becoming disillusioned with modern health care and are seeking al-
ternatives. Thymus vulgaris is a species of flowering plant in the mint family Lamiacea. Thymus is 
a widely used medicinal plant in food and pharmaceutical industries. Among different species of 
Thymus, Thymus vulgaris is used more than other species in therapeutic dosage forms. In Tradi-
tional medicine T. vulgaris is cultivated in many countries by most people especially in rural areas 
depending on herbal medicines to treat many diseases including inflammation-related ailments 
such as rheumatism, muscle swelling, insect bites, pains, etc. Also the modern medicine in essen-
tial oil of thyme has demonstrated that the compounds have shown anti-inflammatory, antioxi-
dant, antibacterial and antifungal properties. In this review the objective is to consider the past 
and present value of medicinal plants such as Thymus vulgar is used in traditional and modern 
medical practices as bioactive natural compounds. 
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1. Introduction 
Traditional medicine has remained as the most affordable and easily accessible source of treatment in the pri-
mary health care system of resource poor communities. The local people have a long history of traditional plant 
usage for medicinal purposes. The medicinal use of plants is very old. The writings indicate that therapeutic use 
of plants is as old as 4000 - 5000 B.C. and Chinese used first the natural herbal preparations as medicines. In In-
dia, however, earliest references of use of plants as medicine appear in Rig-Veda, which is said to be written 
between 1600 - 3500 B.C. Later the properties and therapeutic uses of medicinal plants were studied in detail 
and recorded empirically by the ancient physicians (an indigenous system of medicine) which are a basic foun-
dation of ancient medical science in India [1]. Medicinal plant is an important element of indigenous medical 
systems in all over the world. The ethno botany provides a rich resource for natural drug research and develop-
ment [2]. “Traditional” use of herbal medicines implies substantial historical use, and this is certainly true for 
many products that are available as “traditional herbal medicines”. In many developing countries, a large pro-
portion of the population relies on traditional practitioners and their armamentarium of medicinal plants in order 
to meet health care needs. Although modern medicine may exist side-by-side with such traditional practice, 
herbal medicines have often maintained their popularity for historical and cultural reasons [3]. Natural products 
have played an important role throughout the world in treating and preventing human diseases. Natural product 
medicines have come from various source materials including terrestrial plants, terrestrial microorganisms, ma-
rine organisms, and terrestrial vertebrates and invertebrates [4] and its importance in modern medicine has been 
discussed in different reviews and reports [5]. The value of natural products in this regard can be accessed from: 
1) the rate of introduction of new chemical entities of wide structural diversity, including serving as templates 
for semi synthetic and total synthetic modification, 2) the number of diseases treated or prevented by these sub-
stances, and 3) their frequency of use in the treatment of disease. In recent years, the use of traditional medicine 
information on plant research has again received considerable interest [6]. In recent times, there have been in-
creased waves of interest in the field of research in natural products chemistry. This level of interest can be at-
tributed to several factors, including unmet therapeutic needs, the remarkable diversity of both chemical struc-
ture and biological activities of naturally occurring secondary metabolites, the utility of novel bioactive natural 
compounds as biochemical probes, the development of novel and sensitive techniques to detect biologically ac-
tive natural products, improved techniques to isolate, purify, and structurally characterize these active constitu-
ents, and advances in solving the demand for supply of complex natural products [7]. The World Health Organ-
ization (WHO) has also recognized the importance of traditional medicine and has created strategies, guidelines 
and standards for botanical medicines. Proven agro-industrial technologies need to be applied to the cultivation 
and processing of medicinal plants and the manufacture of herbal medicines [8]. Medicinal plants are resources 
of new drugs and many of the modern medicines are produced indirectly from plants. It is estimated that there 
are more than 250,000 flower plant species. Studying medicinal plants helps to understand plant toxicity and 
protect human and animals from natural poisons. In this review the objective is to consider the past and present 
value of medicinal plants such as Thymus vulgaris used in traditional and modern medical practices as bioactive 
natural compounds. 

2. Plant Geographical Distribution and Its Description 
Thymus vulgaris is a species of flowering plant in the mint family Lamiaceae, native to southern Europe from 
the western Mediterranean to southern Italy. It is a bushy, woody-based evergreen sub shrub with small, highly 
aromatic, grey-green leaves and clusters of purple or pink flowers in early summer [9]. Thyme grows well dur-
ing a temperate to heat, dry, sunny climate, and wherever the plants don’t seem to be shaded. Thyme species do 
best in coarse, rough soils that may be unsuitable for several alternative plants [10]. 

3. Background and History of Traditional Herbal Medicine  
The use of plants as medicine goes back to early man. Fossil records date human use of plants as medicines at 
least to the middle Paleolithic age. Evidences of this early association have been found in the grave of a Nean-
derthal man buried 60,000 years ago. Pollen analysis indicated that the numerous plants buried with the corpse 
were all of medicinal value. The earliest known medical document is a 4000-year-old. Sumerian clay tablet that 
recorded plant remedies for various illnesses. By the time of the ancient Egyptian civilization, a great wealth of 
information already existed on medicinal plants. Among the many remedies prescribed were man drake for pain 
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relief, and garlic for the treatment of heart and circulatory disorders. This information, along with hundreds of 
other remedies, was preserved in the papyrus about 3500 years ago. Ancient China is also a source of informa-
tion about the early medicinal uses of plants [11]. Although animal and mineral materials have been used, the 
primary source of remedies is botanical. Of the more than 12,000 items used by traditional healers, about 500 
are uncommon use. Botanical products are used only after some kind of processing, which may include, for 
example, stir-frying or soaking in vinegar or wine. In clinical practice, traditional diagnosis may be followed by 
the prescription of a complex and often individualized remedy. Traditional Chinese medicine is still in common 
use in China. More than half the population regularly uses traditional remedies, with the highest prevalence of 
use in rural areas. About 5000 traditional remedies are available in China; they account for approximately one 
fifth of the entire Chinese pharmaceutical market [12]. Many herbal remedies found their way from China into 
the Japanese systems of traditional healing. Herbs native to Japan were classified in the first pharmacopoeia of 
Japanese traditional medicine in the ninth century [13]. In India, herbal medicine dates back several thousand 
years to the Rig-Veda, the collection of Hindu sacred verses. One useful plant from this body of knowledge is 
snakeroot, used for centuries for its sedative effects. The number of higher plant species on this planet is esti-
mated at 250,000, with a lower level at 215,000 [14] and an upper level as high as 500,000. Of these, only about 
6% have been screened for biologic activity, and a reported 15% have been evaluated phytochemically. With 
high through put screening methods becoming more advanced and available, these numbers will change, but the 
primary discriminator in evaluating one plant species versus another is the matter of approach to finding leads. 
There are some broad starting points to selecting and obtaining plant material of potential therapeutic interest. 
However, the goals of such an endeavor are straight forward. Plants have an advantage in this area based on 
their long-term use by humans (often hundreds or thousands of years) [15]. 

4. Herbal Medicines in Developed Countries 
Plants and their metabolites constituents have a long history of use in modern “western” medicine and in certain 
systems of traditional medicine, and are the sources of important drugs such as atropine, codeine, dioxin, mor-
phine, quinine. Use of herbal medicines in developed countries has expanded sharply in the latter half of the 
twentieth century. In recent years, the use of traditional medicine information on plant research has again re-
ceived considerable interest. While the western use of such information has also come under increasing scrutiny 
and the national and indigenous rights on these resources has become acknowledged by most academic and in-
dustrial researchers. Meanwhile, the need for basic scientific investigations on medicinal plants using indigenous 
medical systems becomes imminent [16]. The desire to capture the wisdom of traditional healing systems has 
led to a resurgence of interest in herbal medicines [17], particularly in Europe and North America, where herbal 
products have been incorporated into so-called alternative, “complementary”, “holistic” or “integrative” medical 
systems. Monographs on selected herbs are available from a number of sources, including the European Scien-
tific Cooperative on Phytotherapy [18], German Commission E [19] and the World Health Organization [20]. 
The WHO monographs, for example, describe the herb itself by a number of criteria (including synonyms and 
vernacular names) and the herb part commonly used, its geographical distribution, tests used to identify and 
characterize the herb (including macroscopic and microscopic examination and purity testing), the active prin-
ciples (when known), dosage forms and dosing, medicinal uses, pharmacology, contra-indications and adverse 
reactions. During the latter part of the twentieth century, increasing interest in self-care resulted in an enormous 
growth in popularity of traditional healing modalities, including the use of herbal remedies; this has been partic-
ularly true in the USA [21]. In the European market there are a lot of products derived from natural plants, 
which are recognized to possess different biological properties, such as antioxidant, antiseptic, diuretic, stimu-
lating the central nervous system, sedative, expectorant, digestive, etc. Some of these plants have been used in 
traditional medicine since ancient times and are available on market as infusions, tablets and/or extracts. Con-
sumers have reported positive attitudes towards these products, in large part because they believe them to be of 
“natural” rather than “synthetic” origin, they believe that such products are more likely to be safe than are drugs, 
they are considered part of a healthy lifestyle, and they can help to avoid un necessary contact with conventional 
“western” medicine [22]. 

5. Modern and Traditional Prescription of Herbal Drugs (Thymus vulgaris) 
The pharmacological treatment of disease began long ago with the use of herbs. Although herbalist waned in the 
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eighteenth and nineteenth centuries, many of the remedies employed by the herbalists provided effective treat-
ment. Some of these became useful prescriptions as physicians began experimenting with therapeutic agents. 
William Withering was the first in the medical field to scientific ally investigate a folk remedy. His studies 
(1775-1785) of foxglove as a treatment for dropsy (congestive heart failure) set the standard for pharmaceutical 
chemistry. In the nineteenth century, scientists began purify the active extracts from medicinal plants. One 
breakthrough in pharmaceutical chemistry came when Friedrich isolated morphine from the opium poppy (Pa-
paver somniferum) in 1806. Continuing this progress, Justus von Liebig, a German scientist became a leader in 
pioneering the field of pharmacology. With increased knowledge of active chemical ingredients, the first purely 
synthetic drugs based on natural products were formulated in the middle of the nineteenth century [22]. In plants, 
these compounds are mostly secondary metabolites under title bioactive compounds such as alkaloids, steroids, 
tannins, and phenol compounds, flavoneids which are capable of producing definite physiological action on 
body [23]. The medicinal plants are rich in secondary metabolites and essential oils of therapeutic importance. 
The important advantages claimed for therapeutic uses of medicinal plants in different ailments are their safety 
besides being economical, effective and their easy availability. Because of these advantages the medicinal plants 
have been widely used by the traditional medical practitioners in their day-to-day practice. Among all plant 
secondary metabolites which act as antioxidants phenol compounds form a large and varied group. Phenol 
compounds contribute significantly to the antioxidant potential of several plant species [24]. Among different 
Thymus species, T. vulgaris is cultivated in many countries by most people especially in rural areas depend on 
herbal medicines to treat many diseases including inflammation-related ailments such as rheumatism, muscle 
swelling, insect bites, pains and so on [25]. T. vulgaris is used more in pharmaceutical dosage forms because it 
contains more essential oil than other species with high amount of thyme which exhibits considerable anti-tissue 
and expectorant effects [26]. Considering the fact that Thymus vulgaris is more expensive, some herbal indus-
tries tend to use other species of Thymus with different components. So it is crucial to develop a suitable and re-
liable identification method to confirm the quality of extracts and herbal drugs. Separation and detection of dif-
ferent constituents in plants have been always complicated. Thymus has approved expectorant, anti-tissue and 
antispasmodic activities. Its antiseptic property is estimated to be 25 times more effective than phenol, with less 
toxicity [27]. Different species of Thymus are different in content and type of components. Generally they con-
tain thyme, carvacrol, flavonoids and phenol compounds such as rosmarinic acid which may have antiedemic 
and macrophage-inhibiting effects [28]. Thymus vulgaris shows a polymorphic variation in monoterpene pro-
duction, the presence of intra-specific chemo type variation being common in the genus Thymus. Each of the six 
chemo types, geraniol (G), α-terpineol (A), thuyanol-4 (U), linalool (L), carvacrol (C), and thymol (T), is named 
after its dominant monoterpene [27]. Many pharmacological in vitro experiments carried out during the last 
decade revealed well defined pharmacological activities of both, the thyme essential oil and the plant extracts. 
The non-medicinal use of thyme is worthy of attention, because thyme is used in the food and aroma industries; 
it is widely used as culinary ingredient and it serves as a preservative for foods especially because of its antioxi-
dant effect. Thyme essential oil constitutes raw material in perfumery and cosmetics due to a special and cha-
racteristic aroma. Thymus vulgaris oil is a combination of monoterpenes and those will acts as anti-oxidative, 
antimicrobial, medicinal drug, anti-tissue, antispasmodic, and antibacterial activities [29]. 

6. Chemical Composition of the Essential oil of Thymus vulgaris 
The essential oil from T. vulgaris showed a high content of oxygenated monoterpenes (56.53%) and low con-
tents of monoterpene hydrocarbons (28.69%), sesquiterpene hydrocarbons (5.04%) and oxygenated sesquiter-
penes (1.84%). The predominant compound among the essential oil components was thymol (51.34%) while the 
amount of all other components of the oil was less than 19% [30]. 

7. Medicinal Applications 
Thyme has been thought of to be antiseptic, antimicrobial, medication, astringent, medicinal drug, carminative, 
disinfectant, medicinal drug and tonic. Thyme is incredibly useful in cases of assorted intestinal infections and 
infestations, like hook worms, gram-positive and gram-negative bacterium. Its active constituent, thymol, is ac-
tive against coccid bacteria. Thyme may also improve liver functioning, and act as an appetite stimulant. It will 
be used in treatment of cartilaginous tube, bronchial and urinary infections [31]. Thyme is helpful in treatment 
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of laryngitis and inflammation. The main component of the volatile oil of thyme, thymol, is active against coc-
cid bacteria. It is used for skin issues like oily skin, sciatica, acne, dermatitis, skin condition and bug bites. In 
aroma therapy, the distinct types, thymol, “red thyme oil”, linalool kind for its terribly light soft action for anti-
viral properties are used. A corrected product, “white thyme oil” is also used, and it’s milder on the skin. Ap-
plied to the skin, thyme relieves bites and stings, and relieves neuralgia and rheumatic aches and pains [32]. 

7.1. Anti-Oxidant Properties 
An antioxidant is a molecule that inhibits the oxidation of different molecules. Oxidation is a chemical process 
that transfers electrons or hydrogen from a substance to an oxidizing agent. Oxidation reactions will produce 
free radicals. In turn, these radicals will begin chain reactions. Once the chain reaction happens in a cell, it will 
cause damage or death to the cell. Antioxidants stop these chain reactions by removing free radical intermediates, 
and inhibit different oxidation reactions. The leafy parts of Thymus vulgaris and its essential oil have been used 
in foods for the flavor, aroma and preservation and also in folk medicines. The components of Thymus vulgaris 
essential oil and the protective effects of this oil against aflatoxin-induce oxidative stress had been studied in 
some researches. The results indicated that the oil contains carvarcrol (45 mg/g), Thymol (24.7 mg/g), β-Phel- 
landrene (9.7 mg/g), essential oil (4.1 mg/g), Humuline (3.1 mg/g), α-Phellandrene (2.3 mg/g) and Myrcene (2.1 
mg/g) [33]. However, α and β-pinene, Myrcene, α-thyjone, Tricyclene, 1, 8-cineole, and β-sabinene were found 
in very lower concentrations. Treatment with aflatoxins alone disturbs lipid profile in blood serum, decreases 
total antioxidant capability, increase uric acid and nitric oxide in blood serum and lipid per-oxidation in liver 
and excretory organ attended with a sever histological changes within the liver tissues. The oil alone at the 2 
tested doses didn’t induce any important changes within the biochemical parameters or the histological image. 
The combined treatment showed important enhancements altogether tested parameters and histological foot age 
within the liver tissues. Moreover, this improvement was additional pronounced within the cluster received the 
high dose of the oil [34]. 

7.2. Anti-Bacterial Activity  
The essential oils obtained from Thymus vulgaris harvested at 4 biological process stages were evaluated for 
their biological activity and chemical components. The thyme volatile oils were analyzed for their inhibition ef-
fects against 9 strains of gram-negative bacteria and 6 strains of gram-positive bacteria. The bio-impedance me-
thodology was chosen for finding out the antibacterial activity of the essential oils and also the parameter chosen 
for outlining and quantifying the antibacterial activity of the thyme oils was the detection time. The plate count-
ing technique was used to studying the inhibitory effect by direct exposure. All the thyme essential oils ex-
amined had significant bacteria static activity against the microorganisms tested. This activity was additional 
marked against the gram-positive bacteria. The oil from thyme fully flower was the most effective at stopping 
the growth of the microorganism species examined. The oils tested were conjointly shown to possess smart an-
tibacterial activity by direct contact, that gave the impression to be a lot of marked against the gram-negative 
microorganism. Some a number of the species were capable of recovering a minimum of 50% of their metabolic 
function once contact with the inhibitor, whereas most of the strains were shown to have been inactivated almost 
completely [35]. 

7.3. Anti-Viral Property 
Silke Nolkemper et al. conducted an experiment with aqueous extracts from species of the Lamiaceae family 
were examined for their antiviral activity against Herpes simplex virus (HSV). Extracts from thyme (Thymus 
vulgaris) has shown inhibitory activity against Herpes simplex virus type 1 (HSV-1), type 2 (HSV-2) and an 
acyclovir-resistant strain of HSV-1 was tested in vitro on RC-37 cells in a plaque reduction assay [36]. 

7.4. Anti-Inflammatory Property 
Thymus vulgaris oil is a combination of monoterpenes. The most compounds of this oil are the natural terpenoid 
thymol and its phenol chemical compound carvacrol [34] that has medicinal drug, anti-oxidative, antimicrobial, 
anti-tissue, antispasmodic, and antibacterial effects [16]. Terpenoids, flavonoide glycosides, and synthetic resin 
acids were additionally found in Thymus spp. 
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7.5. Insecticidal Activity 
The insecticidal activity of thyme volatile oil, thymol and carvacrol was evaluated in laboratory against com-
pletely different larval stages of lesser meal worm. The sooner and later larval stages were reared on diets con-
taining one or two acetone solutions of tested compounds. Insecticidal activity of thyme volatile oil and pure 
monoterpenes against larvae relied on the dose and age of larvae. The growth of younger larvae was considera-
bly affected, whereas those of older larval stage were less influenced and only by pure oil components. In young 
larvae the application 1% thyme oil, thymol and carvacrol, caused mortality of 50.0%, 86.67% and 85%, respec-
tively [37]. 

8. Conclusion 
While centuries of use in traditional settings can be used as testimony that a particular herbal ingredient is effec-
tive or safe, several problems must be addressed as these ingredients are incorporated into modern practice. One 
problem is that ingredients once used for symptomatic management in traditional healing are now used in de-
veloped countries as part of health promotion or disease prevention strategies; thus, acute treatment has been re-
placed by chronic exposure. This means that a statement about “thousands of years of evidence that a product is 
safe” may not be valid for the way the product is now being used. This does not expressly mean that an ingre-
dient is unsafe; it does mean that safety in the modern context cannot be assumed. A second problem is that ef-
ficacy and effectiveness have rarely been demonstrated using modern scientific investigations. An evidence- 
based approach to this issue has only recently been implemented, and the results reveal that for most herbal 
products, considerable gaps in knowledge need to be remedied before one can be convinced about their efficacy. 
Is traditional medicine reality essential in the world? The more salient problems associated with “modern” med-
icine are as follows: 1) Its indiscriminative and aggressive dispossession of local health and medical knowledge 
accumulated by trial and error over many centuries and in some cases millennia; 2) its systematic displacement 
of the potential for genuine local control and familial participation in the key processes of prevention and cure; 
3) it’s admitted in capacity to reverse some infectious, and all degenerative and autoimmune diseases; and 4) its 
swelling wake of (largely unmonitored and uncompensated) problems due to its chosen methods of prevention 
and cure. The outset of the new millennium the World Health Organization (WHO) estimated that the majority 
of the populations of most countries were still relying primarily upon indigenous or traditional forms of medi-
cine for meeting every day health care needs. It has been estimated that in developed countries such as United 
States, plant drugs constitute as much as 25% of the total drugs, while in fast developing countries such as China 
and India, the contribution is as much as 80%. Consumers have reported positive attitudes towards these prod-
ucts, in large part because they believe them to be of “natural” rather than “synthetic” origin, they believe that 
such products are likely to be more safe than drugs, they are considered part of a healthy life style, and they can 
help to avoid unnecessary contact with conventional “western” medicine. Although modern medicine may exist 
side-by-side with such traditional practice, herbal medicines have often maintained their popularity for historical 
and cultural reasons. 
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Abstract 
The tracheobronchial amyloidosis is a rarely localized form. It may manifest as a cancer. Only his-
tological results allow diagnosis confirmation. A 68-year-old man was admitted for exploration of 
a low abundance hemoptysis. The chest radiograph was normal. CT scan objectified thickening of 
the walls of the trachea and bronchi which are the seat of calcifications. Bronchoscopy found a 
burgeoning infiltrative lesion training the right side face of the trachea and the anterior edge of 
the hull. Histological results confirmed tracheobronchial amyloidosis. Typing of this amyloidosis 
concluded to AL form. The study of amyloid extension lesion was negative. Immunoelectrophore-
sis of proteins in the blood and urine was normal. The patient was sent to receive external beam 
radiation to prepare for endoscopic surgical removal. Post-operative suites were marked by a 
complete resolution of clinical signs particularly hemoptysis with a follow-up of two years. 
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1. Introduction 
Amyloidosis is the extracellular deposition of amyloid substance having specific structure. Localized respiratory 
form of amyloidosis is extremely rare, particularly tracheobronchial site [1] [2].  

Amyloidosis is not often taken into consideration in the differential diagnosis of patients with respiratory 
symptoms.  

No clinical, biological and radiological feature is specific of the tracheobronchial localization [1]-[3]. 
Histological examination of a biopsy specimen guided by bronchoscopy confirms the diagnosis.  
The immunohistochemical analysis allows for the typing of amyloidosis (AA, AL, ...) [1] [2]. 
The aim of this work is to review the scarcity of tracheobronchial amyloidosis, the diagnostic difficulty and 

the need for further monitoring because of the risk of transition to the systemic form and occurrence of 
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life-threatening complications. 

2-Case Report 
A 68-year-old man, with a history of a large smoking, had consulted for a low abundance hemoptysis.  

The physical examination was without abnormalities particularly cardiac and pulmonary auscultation as well 
as neurological and abdominal examinations.  

Biological investigations did not reveal anemia or inflammatory syndrome. The white blood cells count, the 
platelets count and the hemostasis tests were normal. The proteinuria was negative.  

The chest radiograph was without anomalies. 
Chest CT scan objectified thickening of the walls of the trachea with a moderate luminal narrowing and 

bronchi which are the seat of calcifications. Neither lymph node enlargement nor pleural effusion was found. 
Bronchoscopy found a burgeoning infiltrative lesion training the right side face of the trachea and the anterior 

edge of the hull. 
The hitological examination of tracheobronchial biopsy found an amyloidosis. Typing of this amyloidosis 

concluded to AL form. 
The patient had no other visceral localization of amyloidosis implicating heart, kidney, bvgusalivary glands 

and bone marrow. 
Immunoelectrophoresis of proteins in the blood and urine was normal. 
The patient was sent to receive external beam radiation to prepare for endoscopic surgical removal.  
Post-operative suites were marked by a complete resolution of clinical signs particularly hemoptysis with a 

follow-up of two years. 

3. Discussion 
The tracheobronchial amyloidosis is rare; about a hundred cases have been reported in the literature [2]-[4]. This 
is a localized form of amyloidosis [2] [3]. The most common amyloid pulmonary manifestations are tracheo-
bronchial, nodular, and diffuse interstitial infiltrations. 

It is usually symptomatically mimicking at many points bronchial neoplasia particularly when it occurs in a 
large smoking patient. It most frequently presents by coughing, wheezing, hemoptysis, or unexplained and re-
current pneumopathy [2]-[4].  

The diagnosis is oriented by chest CT and confirmed by biopsy during bronchoscopy [2]-[5].  
Neither chest CT results nor macroscopic aspects at bronchoscopy show specific signs.  
The thickening aspect of the tracheal walls revealed in our case can be encountered in many diagnoses as car-

cinoma, lymphoma and sarcoidosis. 
The clinical, radiological and endoscopic feature isn’t contributive for diagnosis confirmation.  
Only histological results showing amyloid deposits in the biopsied tissues allow confirming the diagnosis. 

Specific colorations are recommended to avoid missing the diagnosis.  
Solitary nodules or elongated airway narrowing may be mistaken for neoplasia [6]. 
After confirming the diagnosis, investigations guided by the symptoms are necessary in search of systemic 

amyloidosis; cardiac and renal ultrasound evaluations are required to evaluate the patient prognosis [2]. Some-
times, many latent amyloid localizations can be revealed in the occasion of systematic research of other systemic 
involvement 

In our case, tracheo-bronchial amyloidosis was isolated. 
A bone marrow aspirate, Immunoelectrophoresis of proteins in the blood and urine are essential, in search of 

multiple myeloma.  
Annual monitoring during the first ten years is essential since there’s a possibility of conversion into systemic 

disease whose treatment differs from the localized form, almost progression to severe and permanent respiratory 
impairment and metastatic transformation may occur [6].  

Rare similar cases to our patient were reported in the literature. 
Brill AK et al. reported the case of a 65-year-old woman presenting recurrent bronchopulmonary infections, 

permanent cough and progressive dyspnea. The diagnosis of tracheobronchial amyloidosis was made by histo-
logical findings [6].  

Yap JC presented a case of isolated tracheobronchial amyloidosis in a 72-year-old woman complaining of 
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recurrent cough, dyspnoea, haemoptysis and respiratory infection. She received laser therapy with a good evolu-
tion [7].  

The treatment of the localized tracheobronchial form is symptomatic.  
The treatments offered in the localized tracheobronchial amyloidosis include external beam radiation, endos-

copic procedures, debridement, removal and laser [6] [7].  
Elongated stenosis can be managed by laser therapy, balloon dilatation or stenting. 
Surgical treatment is rarely indicated. In case of localized AL (amyloid light chain) radiotherapy can be pro-

posed in AL form [6].  
Spontaneous regression has also been noted [8].  
Bronchoscopic procedures and slow progression of this localized amyloidosis allow prognosis improvement. 

The prognosis is rarely worsened by the evolution to respiratory failure [2]-[4] [6] [8]. 

4. Conclusion 
Localized amyloidosis such as tracheobronchial location, is rare and may be the first sign of a systemic disease, 
the pathogenesis remains unclear. Possible respiratory and systemic complications indicate a regular and pro-
longed surveillance.  
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Abstract 
Relapsing polychondritis is a rare inflammatory disease involving essentially cartilaginous struc-
tures. Other systemic manifestations can be encountered as the eye and ear disturbance. Aortic 
aneurysms affect few cases. If affection of airway cartilages occurs, prognosis may be worsened by 
eventual stenotic lesions. We report a 22-year-old woman with Relapsing polychondritis. When 
she was referred to our hospital 4 weeks after the onset of respiratory symptoms, she was having 
severe breathing difficulty. Immediate tracheostomy followed by steroid therapy improved her 
respiratory condition, although the treatment was complicated because of her diabetes. While 
airway involvement of Relapsing polychondritis can be life threatening, it is curable with steroid 
therapy. Clinicians should keep in mind that airway obstruction could be caused by this disease. 
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1. Introduction 
Relapsing polychondritis (RP) is a disease of unknown etiology characterized by recurrent non-infectious in-
flammation of cartilaginous and connective tissues. It is an uncommon, chronic, and potentially life-threatening 
multisystem disorder in case of laryngeal and tracheobronchial disturbance. The etiology of RP is still unknown, 
but the pathogenetic role of the autoimmunity is suggested by frequent overlaps with various autoimmune dis-
eases, and by the presence of autoantibody against cartilage in the serum of patients with RP [1] [2].  

Clinical presentations of RP vary considerably from patient to patient, and the involvement of multiple organs 
has been reported. Although several reports have demonstrated the clinical signs, pathologic manifestations and 
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radiologic findings of RP, there are no specific features of RP. Therefore, it is difficult to show the diagnosis of 
RP [1] [2]. 

Although several reports have demonstrated the clinical signs, pathologic manifestations and radiologic find-
ings of RP, there are no specific features of RP.  

Therefore, it is difficult to show the diagnosis of RP. RP is clinically diagnosed; there are no specific biologi-
cal or radiological signs to confirm the diagnosis. 

Radiographic study of the airway is of great value in detection and evaluation of upper respiratory involve-
ment. Airway involvements are major causes of morbidity and mortality, and they have accounted for most of 
the deaths due to RP. To suppress the inflammation of airway mucosa and cartilage is extremely important in the 
successful treatment for RP.  

RP is a polymorph multisystem pathology with various manifestations, inducing thus serious and refractory 
damage such as trachea stenosis due to lateness in the diagnostic delay and therapeutic management. Only rapid 
diagnosis and efficient therapy are guarantors of improving the prognosis and avoiding sequelae.  

The aim of this study is to show that RP diagnosis should be considered in case of airway narrowing. Only an 
early diagnosis and an adapted treatment may improve prognosis. 

2. Observation 
A 27-year-old woman presented with eight-months history of fever, productive cough, and dyspnea. A radio-
graphic lateral view of the neck showed subglottic tracheal stenosis. A computed tomography (CT) scan of the 
neck also showed narrowing of the larynx (approximately 3 cm until the carena). An arterial blood gas test 
showed a pH: 7.4, PaCO2: 37 mmHg, PaO2: 60 mmHg, SaO2: 94%, and HCO3: 24 mEq/L in room air. The CRP 
rate was 62 mg/L and ferritin was at 560 ng/L. Other laboratory findings were in the normal range. The laryn-
geal biopsy showed a non-specific catarrhal laryngitis Computed tomography (CT) depicted diffuse broncho-
tracheal stenosis, which deteriorated in exhalation. The MRI revealed airway stenosis from the trachea to the 
lobar bronchi. She was treated with glucocorticoid without success and the intubation was indicated. Owing to 
potential risks of airway compromise during intubation and/or extubation and the regression of tracheal edema, 
she was extubated 5 days after. Tracheotomy was made with Shiley canule. Few months later, she developed bi-
lateral anterior uveitis and left auricular chondritis treated with glucocorticoid with success. In conjunction with 
nasal, which was previously overlooked, RP was finally diagnosed We made a diagnosis of relapsing polychon-
dritis (RP) based on the following criteria set by MacAdam et al. and Damiani and Levine: 1) bilateral auricular 
chondritis; 2) nonerosive seronegative inflammatory polyarthritis; 3) nasal chondritis; 4) ocular inflammation; 5) 
respiratory tract chondritis; and 6) audiovestibular damage. Administration of high-dose glucocorticoid and 
azathioprine resolved the symptoms and the bronchial stenosis was stabilized. She developed 6 months later di-
abetes treated with metformine. 

3. Discussion 
RP is a relapsing degenerative disease of cartilaginous tissues characterized by the involvement of multiple or-
gans and vessels, including the nose, ears, throat, trachea, eyes, joints and cardiac valves; however, the etiology 
of RP is still not fully understood [1]-[3].  

RP is a Th1-mediated disease marked by high serum levels of interferon γ, interleukin 12 and interleukin 2. In 
addition, serum levels of vascular endothelial growth factor and matrix metalloproteinases-3 are high in RP and 
are correlated with disease activity. Auto-immune reaction can be induced by infectious  

Mechanical and chemical aggressions implicating cartilaginous structure may induce the occurrence of RP. 
Genetic Susceptibility to RP has been also reported.  

Previous studies have suggested that autoimmunity may be associated with the pathogenesis of RP. No eth-
nicity, sex or age differences have been reported for RP, but most patients with RP are between 40 and 60 years 
of age [1] [2]. Currently, most medical practitioners and researchers apply the criteria proposed by Damiani et al. 
[3] for the diagnosis of RP. As RP is a rare disease with clinical manifestations that vary from patient to patient, 
it is very hard to diagnose, especially in patients with atypical symptoms. The early diagnosis of RP is even 
more challenging [1]. Laboratory investigations in this case revealed increased CRP, in accordance with pre-
vious studies [4]; interestingly, we also found an increased ferritin level, consistent with the findings of Fujiki et 
al. [5].  
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Airway involvement by RP is generally considered ominous and has been reported to portend a poor progno-
sis [6] [7]. Tracheobronchomalacia (TBM), due to loss of the supportive cartilaginous scaffolding of the upper 
respiratory airways, can be seen as chronic sequelae of RP due to recurrent inflammation [8]. TBM may also be 
the sole airway abnormality recognized during the early stages of RP. Respiratory compromise stemming from 
fixed airway obstruction or hyperdynamic collapse may cause significant morbidity and mortality [9]. Despite 
aggressive medical therapy, many patients experience symptom progression and eventually require tracheotomy, 
which may not be fully palliative due to frequent obstruction and malacia of more distal airways beyond the 
tracheotomy site [3] [10]. 

Lower airway manifestations of RP can be the only sign of the disease. RP has to be considered in the diffe-
rential diagnosis of patients with recent onset of progressive dyspnea and severe airflow limitation even without 
other systemic signs of cartilage damage [9]. 

Unfortunately, our knowledge about airway involvement in RP is limited and is based on anecdotal reports 
and small case series. Purcelli et al. [11] described the first case report of RP with tracheal collapse in 1962, and 
McAdam et al. [8] reported in a case series in 1976 that the majority of patients with RP and a known cause of 
death had respiratory tract involvement. In many of those patients, airway problems were in fact the complaints 
leading to the diagnosis of RP, underscoring the fact that clinically significant airway compromise does not nec-
essarily present late in the course of the disease. The majority of patients with respiratory symptoms who were 
referred for airway evaluation were women (70%) like our case, a finding that differs from those in some reports 
that have described an equal gender distribution in patients with a clinical diagnosis of RP as a whole but is sim-
ilar to those in other reports in the literature [10].  

RP is a disorder that has a variety of clinical manifestations and is considered an autoimmune disease result-
ing in cartilage breakdown. In this case, the patient demonstrated severe airway stenosis on CT that was well 
correlated with her severe respiratory symptoms. The most common causes of death among patients with RP are 
infection, airway compromise, and cardiac complications [12].  

Symptomatic tracheobronchial involvement implies a poor prognosis. Laryngotracheal symptoms are present 
in approximately 25% of the patients in the initial course of the disease, however, airway symptoms eventually 
occur in 50% of all patients with RP [13]. The disorder causes airway obstruction by two mechanisms. The first 
is a stricture due to inflammatory swelling or scar formation in the glottic and subglottic areas. The second is 
dynamic airway collapse during respiration due to destruction of tracheal cartilage [14]. Accordingly, radio-
graphic and bronchoscopic examinations may provide incorrect information for determining the degree of tra-
cheal obstruction, as dynamic airway collapse occurs during respiration [15].  

A review of few series of patients with RP illustrates the frequency of airway involvement and the female 
predominance (Table 1). 

The CT findings in patients with RP consisted mainly of airway wall thickening, airway stenosis, airway ma-
lacia, airway wall calcification, and air trapping. The most common CT manifestations were increased attenua-
tion and smooth corticosteroid sickening of airway walls. Tracheal or bronchial stenosis was less common. Air-
way collapse and lobar air trapping were seen in half of patients examined with expiratory CT [9]. 

The utility of fluorodeoxyglucose positron emission tomography/computed tomography for early diagnosis 
and evaluation of disease activity of RP was reported by Yamashita et al. It seems to be a potentially powerful 
tool for the early diagnosis of RP, especially in patients without easily biopsied organ involvement [21]. Respi-
ratory function test is sensitive in early detection of airway involvement in RP. Bronchoscopy and CT are useful  
 
Table 1. Review of literature of RP cases. 

Author n Period Age Female Airway  
involvement Deaths 

Gao L et al. [16] 23 1996-2011 - - 10 3 

Hong G et al. [17] 12 2004-2011 48 5 12 9 

Zhang JQ et al. [18] 13 2000-2006 50 4 12 1 

Shi XH et al. [19] 56 2006 45 18 38  

Maimon N et al. [20] 3 1995-2007 44 3 3 2 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20XH%5BAuthor%5D&cauthor=true&cauthor_uid=16784709


M. El Euch et al. 
 

 
649 

in evaluation of the severity of airway involvement in patients with RP.  
In this case, subglottic stenosis was found during a bronchoscopic examination and emergency tracheostomy 

was performed. Other chondritis and bilateral scleritis developed 3 months after tracheostomy. Chang et al. de-
scribed the same features leading to tracheostomy but the patient’s upper airway was completely collapsed [22]. 
In fact, tracheostomy was once the most likely surgical procedure in RP. However, this procedure is only effec-
tive in patients with upper subglottic involvement. In cases of extensive tracheobronchial involvement, tra-
cheostomy is ineffective because the distant tracheal collapse below the tracheostomy is still unresolved [23]. 

There are a number of treatments available for RP. Immunosuppression including steroid medication and 
chemotherapy with drugs is considered the primary option. A tracheostomy or surgical interventions, such as 
airway stenting, are indicated for patients with aggravated tracheobronchial symptoms like our patient. Airway 
management such as laryngotracheal reconstruction can improve quality of life and palliate patients effectively 
[24]. 

Corticosteroids remain the major treatment. Other therapies include nonsteroidal anti-inflammatory drugs, 
dapsone, colchicine, azathioprine, methotrexate, cyclophosphamide, hydroxychloroquine, cyclosporine, and in-
fliximab [25]. Corticosteroid therapy is effective in improving the symptoms and delaying the progression of re-
lapsing polychondritis with involvement of the respiratory tract at early stage. At later stage of the disease, air-
way interventional therapy, such as metallic stent placement, tracheostomy or positive airway pressure support, 
can be used to treat airway obstruction and to improve the survival. The successful use of infliximab is reported 
by some authors [26].  

The airway tract involvement is known to be one of the most important prognostic factors in patients with RP 
[27]. The possibility that airway obstruction in the initial stages of RP is due to airway inflammation and that 
early, aggressive immunosuppressive treatment of RP may delay or prevent irreversible cartilaginous destruction 
and airway collapse is discussed [28]. 

This case is reported with the hope of increasing awareness about the potential for early upper airway in-
volvement in RP [23] [29]-[35]. 

4. Conclusion 
Symptomatic airway involvement in patients with RP is common, diverse, has a female predominance, and may 
occur throughout the course of disease. Dynamic CT scans are useful tools for the detection and surveillance of 
airway involvement in this population. The treatment of airway problems encountered in patients with RP can be 
challenging and needs to be individualized. Therefore, accurate diagnosis and referral to a specialized center for 
full multidisciplinary workup, medical treatment, and possible endoscopic intervention are important. 
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Abstract 
Background: New erythropoiesis-stimulating agents (ESAs) with a longer half-life have been de-
veloped for the treatment of anemia as a complication of patients with end-stage renal disease. 
Objectives: The objective of the present study was to assess the hemoglobin (Hb) stability of a 
Japanese cohort of hemodialysis (HD) patients who were simultaneously switched from darbe-
poetin alfa (DA) to epoetin beta pegol (CERA). Methods: This was an observational, prospective 
study of HD patients 20 years of age or more who were switched from intravenous (IV) DA to IV 
CERA and continued on HD for at least 3 months. The dose was adjusted to maintain the Hb level to 
within 1.0 g/dl of the baseline value. Results: A total of 68 HD patients (75.0% male, median age 
63.0 years) were enrolled. The patients’ mean Hb levels were 10.8 ± (0.6) g/dl at Month 0, 10.9 ± 
0.7 at Month 1, 10.8 ± 0.7 at Month 2, and 10.9 ± 0.8 at Month 3, and the differences from the level 
at Month 0 were not significant. After the switch, the ESA dose decreased significantly (P < 0.0001) 
from an annual mean DA dose of 549.0 ± 246.6 IU/kg/month to a mean CERA dose at Month of 3 
491.0 ± 291.7 IU/kg/month. The ESA resistance index (ERI) decreased from 51.7 ± 24.4 IU/kg/ 
month/g/dl on DA at Month 0 to 46.4 ± 29.3 on CERA at 3 Month 3 (P < 0.0001). Conclusion: 
Switching from DA to CERA was associated with approximate 89% reduction of the required dose 
in Japanese HD patients being treated with an ESA and showed a favorable impact on the treat-
ment of renal anemia, including the need for less frequent injections and a reduction of the ESA 
dose. 
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1. Introduction 
Since renal anemia is a complication of advanced chronic kidney disease (CKD), administration of erythropoie-
sis-stimulating agents (ESAs) has led to a great improvement in clinical management [1], because ESA treat-
ment significantly reduces the need for transfusions, hospital admissions, and overall mortality [2]-[4]. The first 
ESA available for clinical use namely epoetin alfa and beta, had a short half-life and needed to be administered 
twice or thrice a week [5]. Although ESAs are basically administered thrice a week to hemodialysis (HD) pa-
tients, anemia is the complication that has the greatest impact on perceived quality of life in HD patients. 

Dalbepoetin alfa (DA) has a much longer half-life and longer erythropoietic effect than epoetin alfa [6] [7]. 
The initially recommended conversion rate was 200 IU of epoetin alfa per 1 μg of DA [8]. Nevertheless, admin-
istration of DA at 2-week intervals is necessary in patients whose anemia is not adequately improved by DA 
therapy at a 4-week dosing interval. Continuous erythropoietin receptor activator (CERA) is a newer ESA that 
has a long half-life and requires less frequent dosing, i.e., once every two weeks or even once monthly [9]. 
CERA has a longer half-life, approximately 134 hours, when administered intravenously to HD patients [10]. 

However, it is uncertain if switching HD patients from DA to CERA stabilizes their target Hb level. The aim 
of the present study was to assess the effects of switching from DA to CERA on the Hb level of a cohort of Jap-
anese HD patients with renal anemia. 

2. Materials 
2.1. Subjects and Protocol 
This was a prospective cohort study conducted at a single center in Japan. The subjects were recruited from 
among patients who had been routinely treated through an arteriovenous fistula in the dialysis unit of the Shin-
juku Ishikawa Clinic for at least 6 months. The Institutional Review Board of the Shinjuku Ishikawa Clinic ap-
proved all study protocols, and they were performed in accordance with the Declaration of Helsinki guidelines 
regarding ethical principles for medical research involving human subjects. Informed consent was obtained from 
all of the subjects [11]. 

HD patients who had malignancy, active inflammation, liver cirrhosis, gastrointestinal bleeding, or severe ill-
ness were excluded from participation. The patients who enrolled as subjects (n = 68) were undergoing stable 
regular HD with a bicarbonate dialysate. Their underlying renal diseases were chronic glomerulonephritis 
(38.2%), diabetic nephropathy (25.0%), hypertensive nephrosclerosis (5.9%), and others (30.9%). All patients 
were on thrice-weekly HD, and no further patient selection was performed. The main inclusion criteria were 20 
years of age or more, a switch from DA to CERA (index date) after being on HD for at least 6 months, and hav-
ing remained on HD for at least 3 months after the switch. 

The date of the switch from DA to CERA was considered the index date (Month 0). The baseline conversion rate 
was left to the discretion of each nephrologist. Both ESAs were intravenously injected with pre-filled syringes. 
The DA dose frequency was once weekly, and CERA was administered twice monthly. Hb was measured 
monthly, and the ESA dose was adjusted to maintain the Hb level to within 1.0 g/dl of the Month-0 value. The 
target Hb was 10 - 12 g/dl, and iron supplementation was started when the serum ferritin level was <100 ng/mL 
or transferrin saturation (TSAT) was <20%, as recommended by the Japanese Society for Dialysis Therapy 
(JSDT) [12]. The ESA resistance index (ERI) was calculated by dividing the ESA dose by the Hb level [13] [14]. 

The prospective follow-up period was 3 months. The DA and CERA doses were converted to IU/kg/month by 
using the 200:1 conversion rattio of epoetin alfa. We collected data on Hb, serum ferritin, TSAT, ESA dose, and 
ERI. Only adverse reactions leading to discontinuation of CERA were recorded. 

2.2. Statistical Analysis 
Normally distributed, unpaired continuous values were expressed as means ± SD and compared by performing 
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an analysis of variance. Nonparametric values were expressed as median values and compared by performing the 
Kruskal-Wallis test. Categorical values were expressed as percentages and compared by performing Fisher’s exact 
test. Changes from Month 0 values at subsequent visits were evaluated by using the paired t-test and Wilcoxon 
signed-rank test. Changes in continuous variables over time were evaluated by repeated-measures analysis of 
variance. The statistical analysis was performed by using SAS software (v 9.2; SAS Institute, Cary, NC, USA). 

3. Results 
3.1. Patients 
There were 126 HD patients at the index date, and 68 of them were included in this study. Subjects who did not 
complete the study because of insufficient data or transfer to another dialysis institute were excluded. Patient 
characteristics are summarized in Table 1. The median age of the 68 subjects was 63 years (53 - 68 years), and 
their median dialysis vintage was 144 months (85 - 227 months). Their prevalence of diabetes was 25.0%. The 
study population included 17 women and 51 men. 

3.2. Hb Levels over Time 
No significant changes in mean monthly Hb values were observed during the follow-up period (10.8 ± 0.6 at 
Month 0, 10.9 ± 0.7 at Month 1, 10.8 ± 0.7 at Month 2, 10.9 ± 0.8 at Month 3; Table 2). Only a slight increase 
in mean Hb level was observed at 5 weeks after the switch and the Hb level rapidly returned to its baseline level 
after minor dose adjustments at 7 weeks after the start of CERA administration (Figure 1). There were no sig-
nificant changes over time in the number of bleedings or transfusions (data not shown). A bleeding episode was 
experienced by <1% and none of the patients required a blood transfusion after the switch. CERA was not dis-
continued because adverse reactions in any of the patients during the follow-up period. 

We compared the Hb levels and ESA doses of a diabetic group (n = 16) and nondiabetic group (n = 45) at the 
time of the switch and at the end of the follow-up period. There were no significant changes in the Hb level in 
the diabetic group (Month 0: 10.5 ± 0.6 vs. Month 3: 10.6 ± 0.7 g/dl) or in the nondiabetic group (Month 0: 10.8 
± 0.7 vs. Month 3: 10.8 ± 0.8 g/dl). Nor were there any significant changes in the ESA doses in the diabetic 
group (Month 0: 524.9 ± 245.8 vs. Month 3: 498.0 ± 258.6 IU/kg/month) nor nondiabetic group (Month 0: 557.6 
± 249.0 vs. Month 3:507.7 ± 303.5 IU/kg/month), suggesting that there was no difference in the effect of CERA 
in the two groups. 
 

 
Figure 1. Changes in hemoglobin levels after switching from dalbepoetin alfa to epoetin beta pegol. 
*P < 0.05 vs. baseline. 
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Table 1. Baseline characteristics of the study population. 

 (n = 68) 

Age, years  63 (53 - 68) 

Male gender, % 51 (75.0) 

Dialysis vintage, months 144 (85 - 227) 

CKD etiology, %  

Diabetes mellitus 25.0 

Glomerulonephritis 38.2 

Nephrosclerosis 5.9 

Others 30.9 

Smoking, % 27.9 

History of cardiovascular disease1, % 42.6 

Body mass index, kg/m2 21.8 (19.2 - 24.2) 

Mean blood pressure, mmHg  99.0 (90.3 - 107.9) 

Pulse pressure, mmHg 68 (59 - 80) 

Single pool Kt/V 1.5 (1.3 - 1.6) 

Hemoglobin, g/dl 10.7 (10.5 - 11.0) 

Albumin, g/dl 3.8 (3.6 - 4.0) 

C-reactive protein, mg/dl 0.12 (0.05 - 0.23) 

Total cholesterol, mg/dl 148 (130 - 169) 

HDL-cholesterol, mg/dl 44 (35 - 53) 

Non-HDL-cholesterol, mg/dl 103 (82 - 123) 

Triglyceride, mg/dl 93 (63 - 121) 

Calcium, mg/dl 9.1 (8.9 - 9.4) 

Phosphorus, mg/dl 5.4 (4.6 - 6.4) 

Intact parathyroid hormone, pg/ml 123 (86 - 181) 

NT-proBNP, pg/ml 1990 (4634 - 10,255) 

Antihypertensive agents  

RAS inhibitors, % 69.1 

CCBs, % 60.3 

Beta-blockers, % 48.5 

Statin, % 25.0 

EPA, % 11.8 

CaCO3, % 85.3 

Phosphate binders, % 70.6 

Data are expressed as median (range) or percentage. 1History of heart disease has been de-
fined as congestive heart failure determined by echocardiography within the 3 previous 
months, myocardial infarction, cerebrovascular disease and peripheral artery disease. Ab-
breviations: CKD, chronic kidney disease; HDL, high-density lipoprotein; NT-proBNP, 
N-terminal pro-B-type natriuretic peptide; RAS, renin-angiotensin system; CCB, calcium 
channel blocker; EPA, eicosapentaenoic acid. 
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3.3. ESA doses and ERI over time 
After the switch from DA to CERA, the ESA dose decreased abruptly and significantly (P < 0.001), and re-
mained unchanged thereafter (Figure 2). At the time of the switch, the mean ESA dose was 549.0 ± 246.6 
IU/kg/month, and a significant decrease from the dose at the time of the switch was observed at Month 1 (517.6 
± 259.6 IU/kg/month), Month 2 (510.0 ± 278.2 IU/kg/month), and Month 3 (491.0.0 ± 291.7 IU/kg/month) (P < 
0.05) (Table 2).  

The reduction in ESA dose was significantly greater in the low-dose group at baseline (<420 IU/kg/month) 
than in the high dose group (≥420 IU/kg/month) (Table 3).  

The ERI decreased from an annual mean of 51.7 ± 24.4 IU/kg/month/g/dl on DA to 48.6 ± 25.8 
IU/kg/month/g/dl at Month 1, 48.3 ± 27.4 IU/kg/month/g/dl at Month 2, and 46.4 ± 29.3 IU/kg/month/g/dl at 
Month 3 (P < 0.05) (Table 2, Figure 3).  
 

 
Figure 2. Changes in erythropoiesis-stimulating agent (ESA) dose after switching from dalbepoetin 
alfa to epoetin beta pegol. *P < 0.05 vs. baseline. 

 

 
Figure 3. Changes in erythropoiesis-stimulating agent resistance index (ERI) after switching from 
dalbepoetin alfa to epoetin beta pegol. *P < 0.05 vs. baseline. 
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Table 2. Changes in hematological parameters after switching of ESA. 

 0 month 1st month 2nd month 3rd month 

Hemoglobin (g/dl) 10.8 ± 0.6 10.9 ± 0.7* 10.8 ± 0.7 10.9 ± 0.8 

TSAT (%) 17.0 ± 6.5 25.0 ± 7.8** 24.5 ± 8.7** 18.6 ± 7.8 

Ferritin (ng/ml) 52.7 ± 30.0 68.3 ± 50.0* 61.2 ± 39.5 57.6 ± 34.6 

ESA dose (IU/kg/month) 549.0 ± 246.6 517.6 ± 259.6* 510.0 ± 278.2 491.0 ± 291.7* 

ERI (IU/kg/month/g/dl) 51.7 ± 24.4 48.6 ± 25.8* 48.3 ± 27.4 46.4 ± 29.3* 

TSAT (month average) 17.9 ± 6.3 22.1 ± 7.2** 22.0 ± 7.2** 18.6 ± 7.8 

Ferritin (month average) 50.9 ± 22.7 59.4 ± 40.0 57.7 ± 34.0 57.6 ± 34.6 

*P < 0.05, **P < 0.001 vs. 0 month. Abbreviations: TSAT, transferrin saturation time; ESA, erythropoiesis-stimulating agent; ERI, erythropoiesis- 
stimulating agent resistance index. 
 
Table 3. Changes in erythropoiesis-stimulating agent (ESA) dose and ESA resistance index (ERI). 

 
Dose of epoetin at conversion 

Low (<420 IU/kg/month) 
(n = 30) 

High (≥420 IU/kg/month) 
(n = 31) 

Total 
(n = 61) 

ESA dose (IU/kg/month), mean (SD)    

Darbepoetin alfa 310.3 (79.0) 641.8 (178.5) 478.8 (216.5) 

Epoetin beta pegol    

At the time of switch 390.7 (111.9) 702.3 (245.3) 549.0 (246.6) 

First month 380.0 (142.9) 650.8 (278.8) 517.6 (259.6) 

Second month 366.1 (195.5) 649.3 (277.7) 510.0 (278.2) 

Third month 338.7 (244.4) 638.4 (258.3) 491.0 (291.7) 

ESA dose reduction (%), mean (SD)    

At the time of switch 100.0 100.0 100.0 

First month 99.5 (40.6) 90.7 (16.0) 95.0 (30.7) 

Second month 95.5 (46.9) 90.8 (26.2) 93.1 (37.6) 

Third month 86.3 (58.5) 90.7 (28.3) 88.5 (45.4) 

ERI (IU/kg/month/g/dl), mean (SD)    

Darbepoetin alfa 29.2 (7.6) 62.3 (19.1) 46.0 (22.1) 

Epoetin beta pegol    

At the time of a change 36.5 (11.0) 66.4 (25.0) 51.7 (24.4) 

First month 35.6 (14.7) 61.2 (28.1) 48.6 (25.8) 

Second month 34.5 (19.7) 61.7 (27.4) 48.3 (27.4) 

Third month 32.3 (25.7) 60.0 (26.3) 46.4 (29.3) 

ERI reduction (%), mean (SD)    

At the time of a change 100.0 100.0 100.0 

First month 99.7 (44.9) 89.9 (16.4) 94.7 (33.7) 

Second month 96.2 (50.1) 91.1 (27.3) 93.6 (39.9) 

Third month 87.2 (61.6) 90.3 (30.9) 88.7 (48.1) 
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3.4. Changes in Serum Ferritin and TSAT 
There were no significant changes in serum ferritin levels during the follow-up period (Figure 4(a)), but tem-
poral changes in TSAT (Figure 4(b)) were observed during the follow-up period, suggesting that there was no 
change in iron metabolism after switching from DA to CERA. 

4. Discussion 
The present study investigated changes in the Hb levels of Japanese HD patients after switching from DA to 
CERA. The mean ESA dose gradually decreased after the switch, and the reduction was sustained during the 
subsequent 3 months without any noticeable changes in Hb levels. The mean ERI values had also significantly 
decreased at the end of the follow-up period. These findings support the results of a previous study by Hirai et al. 
[15]. 
 

 
(a) 

 
(b) 

Figure 4. Changes in serum ferritin levels (a) and transferrin saturation (TSAT, (b)) after switching 
from dalbepoetin alfa to epoetin beta pegol. *P < 0.05 vs. baseline. 
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We used the manufacturer’s recommended starting dose of CERA when we switched the patients from DA to 
CERA. There are no guidelines for switching from DA to CERA in Japan [12]. The mean Hb levels were gener-
ally maintained within the target range (10.0 - 12.0 g/dl) during the follow-up period after the switch. Hb varia-
bility [16] and ESA overdosing are important issues for the treatment of renal anemia. In our study, the Hb level 
had increased slightly at 5 weeks after the switch, but the reduction in CERA dose necessary to maintain the 
target Hb levels appeared. A lower starting dose of CERA may reduce Hb variability after switching from DA. 

The conversion ratio based on the actual doses of DA and CERA was estimated to be 1.0:1.0 at the time of the 
switch. However, the CERA dose gradually decreased from 549.0 ± 246.6 IU/kg/month at the baseline to 
491.0.0 ± 291.7 IU/kg/month (89%) during the follow-up period. This finding is evidence that CERA should be 
started at approximately 80% - 90% of the DA dose to maintain equivalent Hb levels when the switching ESA 
from DA to CERA, suggesting that the CERA dose is reducible during the maintenance phase of the CERA 
therapy [17]. However, determination of the optimal dose of CERA will require further investigation. 

Morikami et al. have recently reported finding that biweekly administration of CERA showed a significant 
decrease in serum ferritin levels in association with temporal changes in TSAT in Japanese HD patients [18]. 
The results of the present study showed that switching from DA to CERA did not alter the subjects’ serum ferri-
tin levels with a slight fluctuation in TSAT levels during the follow-up period. The serum ferritin levels of our 
patients were maintained at low levels. When switching from DA to CERA, iron metabolism may not be 
changed with regard to erythropoiesis, suggesting that biweekly CERA administration is advantageous in regard 
to iron absorption and utilization, and would be preferable in the management of renal anemia in HD patients. 

There were several limitations in this study that should be considered. First, this study was based on a rela-
tively small sample of HD patients from a single center, thereby limiting the possibility of generalizing our 
findings. Second, we excluded around 50% of all of the prevalent HD patients from the analysis and there was a 
possible bias due to the inclusion of survivors. 

5. Conclusion 
The results of this study demonstrated that switching from DA to CERA was associated with an 89% reduction 
of the required ESA dose in Japanese HD patients being treated with an ESA for renal anemia and they showed 
that the switch had a favorable impact on treatment of renal anemia, including a need for less frequent injections 
and reduction of the ESA dose.  
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Abstract 
We report on a rare case of an intra-osseous haemangioma involving the medial portion of tibia in 
a 29-year-old man. The aim is to emphasize on diagnosis difficulties, possible recurrence and in-
terest of sclerotherapy. In radiographs, the lesion was a well-defined osteolytic lesion having 3 
mm of diameter with perimeter’s sclerosis. The computed tomography images demonstrated an 
intra-medullar gap’s image of the tibia with cortical participation. An osteoid osteoma was evo-
cated but eliminated by the histhological examination. The osseous scintigraphy didn’t find any 
anomaly. The outcome was marked by the recurrence of pain. T1-weighted Magnetic resonance 
imaging showed a hypointense lesion, while T2-weighted images revealed hyperintense areas, 
with internal, hypointense septa. Gadolinium-enhanced T1-weighted images showed lattice-like 
enhancement of the lesion. These images signed a recurrence of the intra-osseous venous hae-
mangioma. The sclerotherapy improved the pain in three days and prevented another recurrence. 

 
Keywords 
Intra-Osseous Haemangioma, Computed Tomography, Magnetic Resonance Imaging, Tibia,  
Sclerotherapy 

 
 

1. Introduction 
The majority of haemangiomas that involve bone are discovered incidentally in asymptomatic patients [1]-[4]. 
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Men are affected twice as often as women, and lesions are usually discovered in the 4th-5th decades of life. 
Soft-tissue components may also be associated with these lesions. Osseous haemangioma is particularly com-
mon in the spine and calvaria and less frequently affects long bones such as the tibia, femur, and humerus [1]- 
[4].  

2. Case Report 
A 29-year-old patient, with no particular history, complained of pain in the right leg 20 days ago with a noctur-
nal recrudescence, with neither fever nor trauma. The clinical examination revealed a good general condition, a 
painful centimetric antero-internal tumefaction of the right leg, having an osseous consistency without inflam-
matory signs. 

Conventional radiography of the leg showed an intracortical hair image of medial cortical with peripheral 
sclerosis (Figure 1). A computed tomographic scan revealed a radiolucent intramedullary gap’s image of the 
antero-internal cortex with longitudinal spotty internal calcification (Figure 2(a), Figure 2(b)). The osseous 
scintigraphy was without hyper-fixation anomaly. A clinical diagnosis of atypical intramedullary osteoid os-
teoma was retained. The lesion was completely excised for histological examination. No reconstruction was 
necessary after the excision. A pathological diagnosis of intramedullary veinous haemangioma was retained. 
The outcome was marked four months after by recurrence of leg pain. The radiography and the computed tomo-
graphy scan found a recurrence of the lesion. T1-weighted Magnetic resonance imaging showed a hypo intense 
lesion, while T2-weighted images revealed hyper intense areas, with an internal hypointense lesion. Gadolin-
ium-enhanced T1-weighted images showed a lattice-like enhancement of the lesion (Figure 3(a), Figure 3(b)). 
These images proved the recurrence of the intra-osseous venous haemangioma; Technique: A sclerotherapy 
guided by the computed tomography scan under local anesthesia, scannographic identification of the lesion was 
carried out bya transcortical pin (Figure 4(a)). The journey was enlarged by a strawberry (Figure 4(b)). A 
catheterization of the angioma was performed by a probe guided by the pin (Figure 4(c)). 

Sclerotherapy under pressure with scannographic control was finally performed. This technique improved the 
osseous pain which disappeared within 72 hours. The 18-month follow-up was characterised by the absence of 
pain and the professional activities were resumed. 
 

 
Figure 1. Intracortical medial crack lesion 
of leg with characteristic condensation. 
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(a)                                  (b) 

Figure 2. (a) Axial computed tomographic section, one millimeter thick, showing radiolucent intramedullary gap’s image; 
(b) Longitudinal computed tomographic section showed spotty internal calcification. 

 

   
(a)                                                      (b) 

Figure 3. (a) T1-weighted magnetic resonance image revealing an intramedullary area of hypo signal intensity, with inter-
nal, high intense lesion; (b) T2-weighted magnetic resonance image revealing an intramedullary segmental area of high 
signal intensity. 

 

     
(a)                                    (b)                                    (c) 

Figure 4. (a) Catheterization of angioma by a perforated wick guided by a primary trans-cortical pin; (b) The journey was 
enlarged by a strawberry; (c) Embolisation of intra-medullary angioma. 

3. Discussion 
A haemangioma is an abnormal proliferation of blood vessels that may occur in any vascularised tissue [1]-[4]. 
Controversial debate is raised as to whether these lesions are neoplasms, hamartomas, or vascular malformations. 
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“Haemangiomas” affecting the musculoskeletal system are more accurately termed “vascular malformations.” 
These are present from birth and do not progress spontaneously [1]. 

Venous haemangiomas are composed of thick-walled vessels containing muscles and they rarely involve the 
musculoskeletal system. These lesions are generally found in adults and are most frequently located in the deep 
soft tissues such as the retro peritoneum, mesentery, and muscles of the lower extremities. They often have a 
slow blood flow, and phleboliths may be present [1]. Haemangioma of the bone is a rare lesion accounting for 
approximately 1% of all bone tumors [4]. It may involve the intramedullary canal, the cortical bone, or only the 
periosteum [5]. These lesions are found most frequently in the vertebrae and skull, most being asymptomatic 
and discovered only incidentally; they account for 25% of all skeletal haemangiomas; they occur more fre-
quently in young women and they do not usually require any treatment [5]-[7]. 

In the long bones, the point of beginning is medullary in 50% of cases, periosteal in 33% of cases and cortical 
in 12% of cases. The lesion is in the diaphysis or the metaphyso-diaphysis in 80% of cases and it is isolated me-
taphysic in 10% of cases [5]. The possibility of long bone haemangioma is usually not taken into account in the 
initial diagnosis [8]. 

Osseous haemangioma which is particularly common in the spine and calvaria affects less frequently long 
bones such as the tibia, femur, and humerus [1]. Scarcely, the symptoms of osseous haemangioma in the ex-
tremities, such as localized swelling, limb hypertrophy, and local pain, are usually nonspecific. Hemorrhage can 
occur in the setting of trauma, biopsy, or surgery [4]. 

In our case, there was no osteolysis. The haemangioma is presented as a hair image with peripheral sclerosis. 
In most cases, haemangioma are presented as osteolysis. The osteolysis was unifocal and diaphyseal [2] [8]. 
Conventional radiography along with clinical and pathologic data can aid in diagnosing of the wide variety of 
disease processes that involve the tibial cortex [9]. 

Bone lysis can have linear and circular components on radiographs, suggestive of a vascular lesion, with li-
near and circular elements representing vascular channels seen longitudinally and in front respectively. However, 
these serpentine vascular channels are recognized more easily with CT and MR imaging [5] [8]. Honeycomb, 
soap bubble, or cystic appearance on radiographs or CT and markedly high-signal intensity on T2-weighted 
magnetic resonance images (MRIs) have a diagnostic value, but are not decisional for diagnosis [3] [7]. These 
images were found in our case. Characteristically, these channels have a low signal intensity on T1-weighted 
images and a very high signal intensity on T2-weighted images because of the slow blood flow. In arteriovenous 
lesions with a faster blood flow, a low signal intensity may persist with all MR imaging pulse sequences [10] 
[11]. 

At the tibia, periosteal or cortical haemangioma occurs most frequently in the anterior tibial diaphysis. These 
lytic cortical lesions may also show the characteristic multifocal vascular channels or be seen as a larger, non-
specific region of bone destruction. Cortical haemangiomas may predispose the bone to fracture, and periosteal 
reaction may accompany these lesions [9] [12]. 

A case of intraosseous arteriovenous malformation (AVM) arising in the diaphysis of the tibia was described 
by Matsuyama A. Plain radiographs displayed honeycomb lytic lesions in the right tibial shaft, with a slight ex-
pansion of the bone and cortical thinning. Curettage of the lesion was carried out, and the histological diagnosis 
of AVM was made [13]. 

The surgical treatment is recommended only if the patient is symptomatic or complicated by a pathological 
fracture [2]. 

The histopathological diagnosis of a haemangioma is not difficult in a whole sample. The diagnosis from bi-
opsy or tissue curettage is a challenge. It reveals the destructive procedures disrupting thin-walled blood vessels 
and resulting in histological sections showing non diagnostic empty spaces with scattered bone trabeculae. 

Histologically, haemangiomas can be classified as cavernous, capillary, venous or mixed, depending on the 
type of vascular involvement. Cavernous haemangioma is the most common type in the peripheral bones and 
accounts for up to 50% of all cases reported [8]. They are predominant in the medullary and the intracortical 
portion of the bone and are not yet reported in the diaphysal bone. Pure capillary haemangioma accounts for 10% 
of all these types as reported in the literature [11] [13]. 

Treatment of angiomas is size-dependent. Localized, well-circumscribed lesions are easily treated by cement 
injection. Larger lesions involving total bones are difficult to treat. Many different treatment options have been 
reported for haemangiomas of the bone involving the extremities, ranging from simple resection to radiation and 
even amputation [6] [8] [12]. 
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Until recently, predominantly open excisional biopsy was performed, and therefore, surgical treatment was 
already complete once the definitive diagnosis was revealed by the histological workup [8]. 

Larger haemangioma in long bones are difficult to treat. If appropriate, the lesions should be excised and 
packed with bone graft. There are no reports in the literature of limb salvage when haemangioma occurs in 
nearly the whole long bone [10]. 

For Cristofaro R [14], selective arterial embolization represents a treatment of choice in aneurysmal bone an-
gioma especially of the spine, sacrum, or pelvis. In these sites embolization replaces surgery which might be 
hazardous due to intraoperative bleeding. No recurrence was observed in any cases of his study. 

There is controversy about the safety of ethanol injections in the treatment of vertebral haemangioma. The 
study of Bas T [15] shows that intralesional alcohol injections can be considered a safe technique for vertebral 
haemangiomas. However, a careful technique is required. 

Sclerotherapy is the best therapeutic alternative in case of recurrent osseous haemangioma. Under CT guid-
ance the affected bone is punctured by a biopsy needle. The sclerosant is then injected into the haemangioma. 
Sclerotherapy can be preceded by transcatheter embolization.  

CT-guided intraosseous sclerotherapy is a successful therapy. The evolution is often marked by clinical and 
radiological improvement [16].  

In some cases, the management of the haemangioma is made by the association of embolization, sclerothera-
py, surgery and radiotherapy. 

Cement injection has become a well-accepted treatment option for vertebral pathologies, such as angiomas 
[16]. The method seems to be well tolerated by the patient and can be done under local anaesthesia. Despite the 
anatomic proximity of neurologic, vascular structures and the variable high rate of cement extravasations (rang-
ing from 20% up to 67%), the incidence of major complications is very low [1] [16]. 

4. Conclusion 
Intramedullary veinous haemangioma of the leg is uncommon with Clinical symptoms mimicking an osteoid 
osteoma. MR imaging is considered the best mode of evaluating most soft-tissue masses, and haemangioma is 
no exception. For angiomatous lesions, MR imaging findings are frequently diagnostic. The histological exami-
nation confirms the diagnosis. Surgical excision does not prevent recurrence of lesion. Sclerothrapy guided by 
computed tomographic scan is a good alternative to stabilize intramedullary veinous haemangioma. 
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Abstract 
Obesity is a cardiovascular risk factor in the general population. However, obesity on hemodialy-
sis is associated with better survival. The aim of this study is to determine the prevalence of obes-
ity in our chronic hemodialysis population and to specify the different cardiovascular complica-
tions. It is a cross-sectional study with 120 patients older than 18 years on hemodialysis. Abdo-
minal obesity was defined as waist circumference > 94 cm in men and > 80 cm in women. The fol-
lowing were analyzed: socioeconomic and demographic parameters, lifestyle, initial renal disease, 
duration of hemodialysis, food consumption and body mass index (BMI), biological parameters 
(C-reactive protein (CRP), albumin, lipid profiles, serum calcium, phosphorus, parathyroid hor-
mone), comorbidities: Diabetes, hypertension, stroke, coronary artery disease. Twenty-four pa-
tients had a BMI> 25. The prevalence of abdominal obesity was 20%. The sex Ratio was 0.71. The 
average age of our patients was 55.97 years [23 - 78 years]. Reduced physical activity was ob-
served in 75% of patients. Duration in hemodialysis was 79 months. Hemoglobin (Hb) average 
was 8.9 g/dl, serum calcium was 2.25 mmol/l, serum phosphorus was 1.7 mmol/l, parathyroid 
hormone (PTH) was 412 pg/ml, albuminemia was 30.7 g/l, total cholesterol was 3.75 mmol/l and 
CRP was 15 U/l. Coronary artery disease was found in 20.8% of cases, stroke in 8.3% of cases, di-
abetes in 58.33% of cases and hypertension in 75% of cases. There was a high prevalence of ab-
dominal obesity in hemodialysis patients. Obesity is recognized by its association with increased 
risk of cardiovascular disease and mortality. However in the paradoxical epidemiology, obesity 
becomes in chronic hemodialysis, a protective factor and is associated with better survival. Our 
study has a small population and cannot reach such a conclusion; further studies with larger 
numbers are needed to support this concept. 
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1. Introduction 
A significant number of patients who undergo dialysis are overweight or obese [1] [2]. The presence of excess 
weight, especially visceral obesity contributes to the increased risk of metabolic and cardiovascular complica-
tions in patients with chronic kidney disease (CKD). The relationship between weight and outcome is complex 
among dialysis patients. The extra weight is usually associated with improved survival in this patient group [3]. 

2. Patients and Methods 
It is a cross-sectional study in the Hemodialysis Unit of the Nephrology Department of Medicine A at the 
Charles Nicolle Hospital in Tunis in January 2015.  

Inclusion criteria: Chronic hemodialysis patients older than 18 years with abdominal obesity defined as 
waist circumference > 94 cm in men and > 80 cm in women [4]. 

Exclusion criteria: Patients on hemodialysis for less than 3 months and patients with acute infection, or ac-
tive neoplasia. 

Twenty-four patients were selected for this study. For each patient were analyzed: socioeconomic and demo-
graphic parameters, lifestyle, initial renal disease, duration of HD, food consumption and body mass index 
(BMI), biological parameters: C-reactive protein (CRP), albumin, lipid profiles, serum calcium, phosphorus, 
parathyroid hormone, comorbidities: Diabetes, hypertension (HT), stroke, coronary artery disease. 

3. Results 
The prevalence of abdominal obesity was 20%. Twenty-four patients had a BMI > 25. The mean waist circum-
ference was 85 cm in women [80.5 - 95 cm] and 98 in men [94.8 - 102 cm]. The sex Ratio was 0.71. The aver-
age age of our patients was 55.97 years [23 - 78 years]. Reduced physical activity was observed in 75% of pa-
tients. The prevalence of smoking was 55%. 

Duration in HD was 79 months. Seven patients had vascular nephropathy, 10 had diabetic nephropathy, 4 had 
chronic glomerular nephritis, 2 had chronic interstitial nephropathy and one patient had hereditary kidney dis-
ease (tuberous sclerosis of Bourneville). The average time between discovery of kidney failure and the onset of 
hemodialysis was 20 months. 

Hemoglobin (Hb) average was 8.9 g/dl [7.9 - 9.8 g/dl], serum calcium was 2.25 mmol/l [2.08 - 2.55 mmol/l], 
serum phosphorus was 1.7 mmol/l [1.5 - 2.2 mmol/l]. Secondary hyperparathyroidism was found in 12 patients 
(50%) with a mean PTH of 412 pg/ml. 

The mean albuminimia was 30.7 g/l [27 - 35 g/l] and the mean total cholesterol was 3.75 mmol/l [2.9 - 4 
mmol/l]. 

The inflammatory condition was evaluated using CRP as a marker of inflammation. Sixteen patients (66.6%) 
had an inflammatory syndrome with a mean CRP of 15 U/l.  

Cardiovascular complications noted included coronary artery disease in 20.8% of cases, stroke in 8.3% of 
cases, diabetes in 58.33% of cases and HT in 75% of cases. 

Demographic, clinical and biological characteristics were summarized in Table 1. 

4. Discussion 
In the general population, abdominal obesity is characterized by chronic low grade inflammation with increased 
serum inflammatory cytokine levels; it is considered to be a risk factor for atherosclerosis, cardiovascular dis-
ease, and increased mortality [5]. 

In obese dialysis patients, the nutritional status may be better, and obesity provides, in the short term, some 
protection against malnutrition and the associated morbidity. However, some studies suggest that mortality in 
the long term is directly correlated with excess weight and obesity, which indicates that fat represents a risk fac-
tor also in uremia [1] [3]. Observational studies in CKD patients as well as dialysis patients, link abdominal fat 
with inflammation, insulin resistance, hyperadipokinemia, dyslipidemia, oxidative stress [6]-[9] and cardiovas-
cular events and mortality [10]-[12].  

In patients requiring dialysis, disturbances in lipid and carbohydrate metabolism, which are common, have 
been associated with abdominal fat and may develop into metabolic syndrome (MetS) [13]. There are multiple  
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Table 1. Demographic, clinical and biological characteristics. 

Parameters  

Age (years) 55.97 

Smoking 55% 

Duration in hemodialysis (months) 79 

Time between kidney failure and onset of HD (months) 20 

Hemoglobin (g/dl) 8.9 

Calcium (mmol/l) 2.25 

Phosphorus (mmol/l) 1.7 

PTH (pg/ml) 412 

Albumin (mmol/l) 30.7 

Cholesterol (mmol/l) 3.75 

CRP (UI/L) 15 

 
definitions of MetS, and the most current of MetS definitions is the National Cholesterol Education Program/ 
Adult Treatment Panel III [14]. It recognizes five components: hypertension, impaired fasting glucose, hyper-
triglyceridemia, abdominal obesity and low high-density lipoprotein cholesterol (HDL-C). The prevalence of 
MetS in chronic HD patients ranges from 40% - 60%; important relationship between MetS and the develop-
ment of cardiovascular disease in chronic HD patients is found [15]. 

Recent evidence suggests that abdominal obesity play a role in peripheral arterial disease in dialysis patients 
[2]. Carotid artery intima media thickness is associated with waist circumference in peritoneal dialysis patients 
[16]. These vascular involvements are associated with morbidity in dialysis patients [17]. In our study, coronary 
artery disease was found in 20.8% of cases, stroke in 8.3% of cases, diabetes in 58.33% of cases and HT in 75% 
of cases. 

Moreover, obesity does not necessarily imply good nutritional status. In patients with chronic kidney disease, 
there is a loss of muscle mass despite an excess of adipose tissue, which is a condition known as sarcopenic ob-
esity [3] [6]. Malnutrition associated with obesity, including sarcopenic obesity, is the risk factor most closely 
correlated with morbidity and mortality both in dialysis patients and the general population [3]. 

BMI is inadequate as a measure of sarcopenic obesity since it cannot define neither muscle mass nor indicate 
the localization of the fat in the visceral compartment. Other indices must be developed and validated in well 
performed clinical trials to identify fat localization and the presence of sarcopenia [3]. 

Observational studies indicate improved survival in obese patients undergoing HD. Thus, it is hypothesized 
that dialysis patients at high risk of Protein-energy wasting (PEW) are protected by excess weight [18] [19]. The 
recent observations that waist circumference modifies the mortality risk associated with circulating triglycerides 
[20], leptin, and adiponectin [21], underscores the overall effect that abdominal obesity has on PEW. 

Insulin resistance represents a major target for intervention in PEW. Alterations in glucose metabolism in the 
face of hyperinsulinemia and diminished tissue sensitivity to insulin are partially correctable by HD [18].  

CKD patients have increased expression of proinflammatory cytokines and adipokines in abdominal subcuta-
neous tissue compared with healthy controls [22]-[24]. In our study, sixteen patients (66.6%) had an inflamma-
tory syndrome. This high rate is explained mainly by oxidative stress. In addition, this inflammation is responsi-
ble for the low Hb levels (8.9 g/dl) in addition to the non-availability of recombinant erythropoietin in our hos-
pital. 

However, dialysis reverses uremia, residual metabolic derangements, inflammation, comorbid conditions, and 
the dialysis procedure itself may allow PEW to develop or worsen. 

Leptin, and adiponectin, which were not dialyzable, were unfortunately not measured in our laboratory. 

5. Conclusion 
A good nutritional state is found in some obese dialysis patients, which probably accounts for the improved 
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survival of the obese group. The results of the present study showed that there was a high prevalence of abdo-
minal obesity in hemodialysis patients but cannot reach such a conclusion. Therefore, further studies are needed 
to clarify the prognostic effect of abdominal obesity in dialysis patients. 

Conflict of Interests 
The authors declare that there is no conflict of interests regarding the publication of this paper. 

References 
[1] Freitas, A.T., Vaz, I.M., Ferraz, S.F., Peixoto Mdo, R., Campos, M.I. and Fornés, N.S. (2013) Prevalence and Asso-

ciated Factors with Abdominal Obesity in Hemodialysis Patients in Goiânia—GO. Jornal Brasileiro de Nefrologia, 35, 
265-272. http://dx.doi.org/10.5935/0101-2800.20130045 

[2] Yang, S.Y., Chiang, C.K., Hsu, S.P., Peng, Y.S., Pai, M.F., Ho, T.I., et al. (2007) Metabolic Syndrome Predicts Hos-
pitalization in Hemodialysis Patients: A Prospective Asian Cohort Study. Blood Purification, 25, 252-259.  
http://dx.doi.org/10.1159/000101698  

[3] Panzetta, G. and Abaterusso, C. (2010) Obesity in Dialysis and Reverse Epidemiology: True or False? Giornale 
Italiano di Nefrologia, 27, 629-638. 

[4] Furman-Niedziejko, A., Rostoff, P., Rychlak, R., Golinska-Grzybala, K., Wilczynska-Golonka, M., Golonka, M., et al. 
(2014) Relationship between Abdominal Obesity, Platelet Blood Count and Mean Platelet Volume in Patients with 
Metabolic Syndrome. Folia Medica Cracoviensia, 54, 55-64. 

[5] Berg, A.H. and Scherer, P.E. (2005) Adipose Tissue, Inflammation, and Cardiovascular Disease. Circulation Research, 
96, 939-949. http://dx.doi.org/10.1161/01.RES.0000163635.62927.34 

[6] Honda, H., Qureshi, A.R., Axelsson, J., Heimburger, O., Suliman, M.E., Barany, P., et al. (2007) Obese Sarcopenia in 
Patients with End-Stage Renal Disease Is Associated with Inflammation and Increased Mortality. The American Jour-
nal of Clinical Nutrition, 86, 633-638. 

[7] Axelsson, J., Rashid Qureshi, A., Suliman, M.E., Honda, H., Pecoits-Filho, R., et al. (2004) Fat Mass as a Contributor 
to Inflammation in End-Stage Renal Disease. The American Journal of Clinical Nutrition, 80, 1222-1229. 

[8] Gohda, T., Gotoh, H., Tanimoto, M., Sato, M., Io, H., Kaneko, K., et al. (2008) Relationship between Abdominal Fat 
Accumulation and Insulin Resistance in Hemodialysis Patients. Hypertension Research, 31, 83-88.  
http://dx.doi.org/10.1291/hypres.31.83 

[9] Witasp, A., Carrero, J.J., Hammarqvist, F., Qureshi, A.R., Heimbürger, O., Schalling, M., et al. (2011) Expression of 
Osteoprotegerin in Human Fat Tissue; Implications for Chronic Kidney Disease. European Journal of Clinical 
Investigation, 4, 498-506. http://dx.doi.org/10.1111/j.1365-2362.2010.02432.x 

[10] Kamimura, M.A., Carrero, J.J., Canziani, M.E., Watanabe, R., Lemos, M.M. and Cuppari, L. (2013) Visceral Obesity 
Assessed by Computed Tomography Predicts Cardiovascular Events in Chronic Kidney Disease Patients. Nutrition, 
Metabolism and Cardiovascular Diseases, 23, 891-897. http://dx.doi.org/10.1016/j.numecd.2012.06.004 

[11] Postorino, M., Marino, C., Tripepi, G. and Zoccali, C., CREDIT (Calabria Registry of Dialysis and Transplantation) 
Working Group (2009) Abdominal Obesity and All-Cause and Cardiovascular Mortality in End-Stage Renal Disease. 
Journal of the American College of Cardiology, 53, 1265-1272. http://dx.doi.org/10.1016/j.jacc.2008.12.040 

[12] Wu, C.C., Liou, H.H., Su, P.F., Chang, M.Y., Wang, H.H., Chen, M.J., et al. (2011) Abdominal Obesity Is the Most 
Significant Metabolic Syndrome Component Predictive of Cardiovascular Events in Chronic Hemodialysis Patients. 
Nephrology Dialysis Transplantation, 26, 3689-3695. http://dx.doi.org/10.1093/ndt/gfr057 

[13] Huang, J.W., Yang, C.Y., Wu, H.Y., Liu, K.L., Su, C.T., Wu, C.K., et al. (2013) Metabolic Syndrome and Abdominal 
Fat Are Associated with Inflammation, But Not with Clinical Outcomes, in Peritoneal Dialysis Patients. Cardiovascu-
lar Diabetology, 12, 86. http://dx.doi.org/10.1186/1475-2840-12-86 

[14] Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (2001) Executive Summary 
of the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA, 285, 2486-2497.  
http://dx.doi.org/10.1001/jama.285.19.2486 

[15] Ucar, E., Huzmeli, C., Guven, O., Savas, N., Gullu, M., Asilyoruk, S., et al. (2009) Frequency of Metabolic Syndrome 
among Hemodialysis Patients According to NCEP-ATP III and IDF Definitions. Ren Fail, 31, 221-228.  
http://dx.doi.org/10.1080/08860220802669883 

[16] Asicioglu, E., Kahveci, A., Arikan, H., Koc, M., Tuglular, S. and Ozener, C.I. (2013) Waist Circumference Is Associated 
with Carotid Intima Media Thickness in Peritoneal Dialysis Patients. International Urology and Nephrology, 45, 1437- 
1443. http://dx.doi.org/10.1007/s11255-013-0427-x 

http://dx.doi.org/10.5935/0101-2800.20130045
http://dx.doi.org/10.1159/000101698
http://dx.doi.org/10.1161/01.RES.0000163635.62927.34
http://dx.doi.org/10.1291/hypres.31.83
http://dx.doi.org/10.1111/j.1365-2362.2010.02432.x
http://dx.doi.org/10.1016/j.numecd.2012.06.004
http://dx.doi.org/10.1016/j.jacc.2008.12.040
http://dx.doi.org/10.1093/ndt/gfr057
http://dx.doi.org/10.1186/1475-2840-12-86
http://dx.doi.org/10.1001/jama.285.19.2486
http://dx.doi.org/10.1080/08860220802669883
http://dx.doi.org/10.1007/s11255-013-0427-x


I. Gorsane et al. 
 

 
671 

[17] Hung, P.H., Tsai, H.B., Lin, C.H. and Hung, K.Y. (2013) Abdominal Obesity Is Associated with Peripheral Artery 
Disease in Hemodialysis Patients. PLoS One, 8, e67555. http://dx.doi.org/10.1371/journal.pone.0067555 

[18] Carrero, J.J., Stenvinkel, P., Cuppari, L., Ikizler, T.A., Kalantar-Zadeh, K., Kaysen, G., et al. (2013) Etiology of the 
Protein-Energy Wasting Syndrome in Chronic Kidney Disease: A Consensus Statement from the International Society 
of Renal Nutrition and Metabolism (ISRNM). Journal of Renal Nutrition, 23, 77-90.  
http://dx.doi.org/10.1053/j.jrn.2013.01.001 

[19] Fouque, D., Kalantar-Zadeh, K., Kopple, J., Cano, N., Chauveau, P., Cuppari, L., et al. (2008) A Proposed Nomencla-
ture and Diagnostic Criteria for Protein-Energy Wasting in Acute and Chronic Kidney Disease. Kidney International, 
73, 391-398. http://dx.doi.org/10.1038/sj.ki.5002585 

[20] Postorino, M., Marino, C., Tripepi, G. and Zoccali, C. (2011) Abdominal Obesity Modifies the Risk of Hypertriglyce-
ridemia for All-Cause and Cardiovascular Mortality in Hemodialysis Patients. Kidney International, 79, 765-772.  
http://dx.doi.org/10.1038/ki.2010.493 

[21] Zoccali, C., Postorino, M., Marino, C., Pizzini, P., Cutrupi, S. and Tripepi, G. (2011) Waist Circumference Modifies 
the Relationship between the Adipose Tissue Cytokines Leptin and Adiponectin and All-Cause and Cardiovascular 
Mortality in Haemodialysis Patients. Journal of Internal Medicine, 269, 172-181.  
http://dx.doi.org/10.1111/j.1365-2796.2010.02288.x 

[22] Carrero, J.J., Cordeiro, A.C., Lindholm, B. and Stenvinkel, P. (2010) The Emerging Pleiotrophic Role of Adipokines in 
the Uremic Phenotype. Current Opinion in Nephrology & Hypertension, 19, 37-42.  
http://dx.doi.org/10.1097/MNH.0b013e328332fc2b 

[23] Witasp, A., Carrero, J.J., Heimbürger, O., Lindholm, B., Hammarqvist, F., Stenvinkel, P., et al. (2011) Increased Ex-
pression of Pro-Inflammatory Genes in Abdominal Subcutaneous Fat in Advanced Chronic Kidney Disease Patients. 
Journal of Internal Medicine, 269, 410-419. http://dx.doi.org/10.1111/j.1365-2796.2010.02293.x 

[24] Carvalho, L.K., Silva, M.I.B., da Silva Vale, B., Bregman, R., Martucci, R.B., Carrero, J.J. and Avesani, C.M. (2012) 
Annual Variation in Body Fat Is Associated with Systemic Inflammation in Chronic Kidney Disease Patients Stages 3 
and 4: A Longitudinal Study. Nephrology Dialysis Transplantation, 27, 1423-1428.  
http://dx.doi.org/10.1093/ndt/gfr450 

 
 
 
 
 
 

Abbreviations 
Body mass index: BMI 
C-reactive protein: CRP 
Chronic kidney disease: CKD 
Hemodialysis: HD 
Hemoglobin: Hb 
Hypertension: HT 
Metabolic syndrome: MetS 
Parathyroid hormone: PTH 
Protein-energy wasting: PEW 
 

http://dx.doi.org/10.1371/journal.pone.0067555
http://dx.doi.org/10.1053/j.jrn.2013.01.001
http://dx.doi.org/10.1038/sj.ki.5002585
http://dx.doi.org/10.1038/ki.2010.493
http://dx.doi.org/10.1111/j.1365-2796.2010.02288.x
http://dx.doi.org/10.1097/MNH.0b013e328332fc2b
http://dx.doi.org/10.1111/j.1365-2796.2010.02293.x
http://dx.doi.org/10.1093/ndt/gfr450


International Journal of Clinical Medicine, 2015, 6, 672-681 
Published Online September 2015 in SciRes. http://www.scirp.org/journal/ijcm 
http://dx.doi.org/10.4236/ijcm.2015.69090     

How to cite this paper: Suzuki, K., Mistuma, Y., Sato, T. and Hatta, M. (2015) Sitagliptin for Elderly Patients Aged 75 Years 
or Older with Inadequately Controlled Type 2 Diabetes with Common Antidiabetes Treatments. International Journal of 
Clinical Medicine, 6, 672-681. http://dx.doi.org/10.4236/ijcm.2015.69090  

 
 

Sitagliptin for Elderly Patients Aged  
75 Years or Older with Inadequately  
Controlled Type 2 Diabetes with  
Common Antidiabetes Treatments 
Katsunori Suzuki1, Yurie Mistuma1, Takaaki Sato1, Mariko Hatta2 
1Division of Endocrinology and Metabolism, Saiseikai Niigata Daini Hospital, Niigata, Japan 
2Department of Nutrition, Saiseikai Niigata Daini Hospital, Niigata, Japan 
Email: katsu-s@ngt.saiseikai.or.jp  
 
Received 21 July 2015; accepted 20 September 2015; published 23 September 2015 

 
Copyright © 2015 by authors and Scientific Research Publishing Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

    
 

 
 

Abstract 
Background: The purpose of this study was to evaluate the effects of sitagliptin in elderly patients 
with type 2 diabetes aged 75 years or older versus those aged 65 - 74 years. Methods: Outpatients 
aged 65 years or older with type 2 diabetes who received sitagliptin at a dose of 50 mg daily for 6 
months were divided into two groups: those who were 75 years and older and those who were 65 - 
74 years. The efficacy and safety were retrospectively evaluated by comparison of laboratory val-
ues before and after the administration of sitagliptin and by review of adverse events after treat-
ment. Results: One hundred and twelve older patients with type 2 diabetes were studied. Six 
months after the initiation of sitagliptin, participants’ hemoglobin A1c was significantly decreased 
by 1.09% ± 0.8% in 65 - 74-year-olds (66 patients; mean age, 69.1 ± 3.0 years; mean HbA1c before 
administration, 8.4% ± 0.8%) and by 1.05% ± 0.8% in patients 75 years or older (46 patients; 
mean age, 79.8 ± 4.1 years; mean HbA1c before administration, 8.5% ± 0.7%). There was no sig-
nificant difference in hemoglobin A1c between the two groups. Furthermore, sitagliptin was well 
tolerated in both age groups. Conclusions: In elderly patients (75 years or older) with type 2 di-
abetes, the effect of sitagliptin was similar that in older patients (younger than 75 years) with type 
2 diabetes. 
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1. Introduction 
According to the National Health and Nutrition Survey in Japan conducted in 2012, the number of people 
“strongly suspected to have diabetes” is rising in Japan. Those 65 years and older accounted for more than half 
of the patients studied [1]. Moreover, as the population ages, the number of patients aged 75 years or older with 
diabetes will also increase. However, an analysis [2] of large-scale clinical trials showed that only 0.6% of in-
terventional trials in diabetes treatment specifically targeted this age group; 31% excluded patients older than 65; 
and almost all excluded those older than 75. Treatment of elderly patients with type 2 diabetes is challenging 
because of the high prevalence of comorbidities, use of polypharmacy, frailty, and the age-related reduction in 
pancreatic islet cell function [3]. Safety is therefore an important consideration for treatment, especially the 
avoidance of iatrogenic hypoglycemia which occurs frequently in elderly patients and can have severe conse-
quences [4] [5]. Renal impairment is also very common in elderly patients with type 2 diabetes, which increases 
their risk for hypoglycemia and complicates treatment strategies [6]. The management of elderly patients with 
type 2 diabetes is further complicated by its clinical heterogeneity, i.e., very different disease durations and de-
grees of frailty, as well as the very limited availability of clinical trial data, especially in the very elderly sub-
group [7].  

The dipeptidyl peptidase-4 (DPP4) inhibitors, a new class of oral antidiabetic agents, could be particularly 
promising for the treatment of older patients [8] [9]. Sitagliptin, a member of this class, has been studied in a 
large clinical program, showing good overall safety and tolerability and improving glycemic control when given 
as monotherapy or combination therapy [10]-[14]. A very low incidence of hypoglycemia has consistently been 
reported with sitagliptin across the disease spectrum [15]-[20]. In addition, we consider that sitagliptin is effec-
tive for the treatment of type 2 diabetes in elderly patients because it is taken once daily and therefore adherence 
to the treatment is favorable. 

The aim of this study was to investigate the glucose-lowering efficacy, safety, and tolerability of sitagliptin in 
patients aged 65 - 74 years versus those 75 years and older with type 2 diabetes whose glycemic control was in-
adequate on other common glucose-lowering drugs.  

2. Methods 
2.1. Study Design and Patients 
Among patients aged 65 years and older with type 2 diabetes being treated at our diabetes clinic on an outpatient 
basis, those who received sitagliptin once daily at a dose of 50 mg (25 mg when estimated glomerular filtration 
rate [eGFR] was below 30 mL/min per 1.73 m2), and who were treated for at least 6 months were examined. 
Changes in hemoglobin A1c (HbA1c) before and after treatment with sitagliptin were retrospectively analyzed. 
The patients were divided into two groups: those 75 years or older and those 65 - 74 years. The difference in the 
effect of sitagliptin between these two groups was assessed. The observation period was from January 2010 to 
January 2014. Medical records were examined for dosages administered and adverse events (AEs). Exclusion 
criteria included add on other antidiabetic agents or drugs affecting plasma glucose or changes in the previously 
use of other antidiabetic agents and in instructions for diet or exercise therapy during the study period. 

2.2. Assessments 
HbA1c, body weight, sitting systolic and diastolic blood pressure and common laboratory parameters were 
measured periodically during the study period. All adverse events (AEs) were recorded and assessed by the in-
vestigator with regard to severity and possible relationship to the study medication. 

Glomerular filtration rate (GFR) was estimated by the Modification of Diet in Renal Disease (MDRD) me-
thod and data in the group of patients with severe renal impairment (eGFR < 30 mL/min/1.73 m2) are presented 
(Table 1). Confirmed hypoglycemia was defined as symptoms suggestive of low blood glucose confirmed by 
self-monitored blood glucose (SMBG) measurement <3.1 mmol/L plasma glucose equivalent. Severe hypogly-
cemia was defined as any episode requiring the assistance of another party. 

2.3. Data Analysis 
The data were summarized by mean values and standard deviations. Statistical analysis was performed using  
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Table 1. Baseline characteristics by age groups. 

 65 - 74 y  
(n = 66) 

≥75 y  
(n = 46) P-value 

Age (y) 69.1 ± 3.0 79.8 ± 4.1 <0.001 

Male, No. (%) 38 (57.5) 27 (58.6) 0.999 

Body weight (kg) 61.3 ± 10.8 58.0 ± 10.2 0.196 

BMI (kg/m2) 24.3 ± 3.8 23.8 ± 3.3 0.453 

Duration of Diabetes (y) 14.4 ± 7.3 16.1 ± 8.8 0.274 

HbAc1 (%) 8.43 ± 0.8 8.49 ± 0.7 0.725 

SBP (mmHg) 126.5 ± 12.5 123.8 ± 9.8 0.223 

DBP (mmHg) 72.9 ± 9.9 69.0 ± 10.3 0.051 

eGFR (ml/min/1.73 m2) 74.6 ± 22.2 67.0 ± 19.3 0.068 

Complication†    

Hypertension 41 (62.1) 34 (73.0) 0.224 

Dyslipidemia 32 (48.4) 19 (41.3) 0.563 

Chronic Heart failure 5 (7.5) 1 (2.1) 0.398 

OMI 5 (7.7) 8 (17.3) 0.138 

AF 1 (1.5) 2 (4.3) 0.567 

ASO 1 (1.5) 2 (4.3) 0.567 

Stroke 1 (1.5) 0 (0.0) 0.999 

Other OHA‡    

Metformin 47 (71.2) 22 (47.8) 0.018 

SU 31 (46.9) 27 (58.7) 0.252 

Pioglitazone 6 (9.0) 7 (15.2) 0.376 

αGI 2 (3.0) 2 (4.3) 0.999 

Insulin 15 (22.7) 13 (28.2) 0.515 

Unless indicated otherwise, data are shown as the mean ± SD. Values show the difference 
compared between two groups (two-tailed Student’s paired or unpaired t-test and Fisher’s ex-
act test). †All complications are expressed as No. (%); ‡Oral hypoglycemic agents expressed 
as No. (%); Abbreviations: BMI: body mass index; SBP: systolic blood pressure; DBP: dias-
tolic blood pressure; eGFR: estimated glomerular filtration rate; OMI: old myocardial infarc-
tion; AF: atrial fibrillation; ASO: arteriosclerosis obliterans; OHA: oral hypoglycemic agents; 
SU: sulfonylurea; αGI: α-glucosidase inhibitor. 

 
StatView version 5.0 for Windows (SAS Institute, City, NC, USA). The significance of differences between 
discrete variable data was analyzed by Fisher’s exact test as appropriate. Differences between two variables 
were evaluated by two-tailed Student’s paired or unpaired t-test as appropriate. A two-sided significance level of 
5% was used. All HbA1c values are shown as National Glycohemoglobin Standardization Program values. 

2.4. Ethics and Good Clinical Practice  
All study participants provided written informed consent. This study was conducted according to the principals 
expressed in the Declaration of Helsinki. Informed consent was obtained from each subject after full explanation 
of the purpose, nature, and risks of all procedures used. The study protocol was approved by the ethical review 
committee of Saiseikai Niigata Daini Hospital. 
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3. Results 
As a result of screening during the above observation period, 142 patients were recruited for the study. Among 
them, 30 patients were excluded for the reasons mentioned in the study design section, and 112 patients with 
type 2 diabetes (65 men and 47 women; mean age, 73.5 ± 6.3 years; BMI, 24.1 ± 3.6 kg/m2; disease duration, 
15.1 ± 8.0 years; baseline HbA1c, 8.4% ± 0.8%) were included in the study (Figure 1). After 6 months of 
treatment with sitagliptin, a significant decrease in HbA1c, by 1.07% ± 0.8% (P < 0.001), was observed in all 
patients. Table 1 shows the characteristics for patients 65 - 74 years old and those 75 years or older. The former 
group consisted of 66 patients. The mean age was 69.1 ± 3.0 years old (range, 65 - 74). Baseline HbA1c was 8.4 
± 0.8%. The latter group consisted of 46 patients. The mean age was 79.8 ± 4.1 years old (range, 75 - 92). Base-
line HbA1c was 8.5% ± 0.7%. The proportion of patients who used metformin at baseline was significantly 
lower in the latter group. Figure 2 shows changes in HbA1c in the two groups. Both groups demonstrated a sig-
nificant decrease 3 months after the start of treatment with sitagliptin, which persisted up to 6 months. Changes  
 

 
Figure 1. Trial profile. 

 

 
Figure 2. Change in the HbA1c levels from baseline at six-month intervals. 

65 to 74 years
n = 66

75 years or older
n = 46

112 patients

30 patients were excluded: 
Discontinuation of insulin (n = 9)
Cancer treatment (n = 6)
Interruption of outpatient visits (n = 4)
Hospitalization
(pneumonia, heart failure, etc.) (n = 4)

Use of other hypoglycemic drugs (n = 3)
Adverse event (constipation) (n = 1)
Ineffective (n = 1)

142 patients aged 65 years 
or older with type 2 diabetes 
observed for 6 months after 
the start of treatment with a 
daily dose of 50 mg sitagliptin
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*P < 0.001 vs baseline

Data are showed as the mean ± SD. *p < 0.001 compared with baseline. No significant 
difference was observed between the two groups at baseline, 3 months and 6 months.
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in HbA1c were thus similar among the two groups represented by a decrease of 1.09% ± 0.8% and 1.05% ± 0.8% 
for the 65 - 74-year-old and the 75 years or older groups, respectively, indicating a significant decrease from 
baseline in each group. No significant difference was observed between the two groups (Figure 3). 

The change in HbA1c in relation to previous hypoglycemic agents used at baseline is shown in Figure 4. 
HbA1c was compared for patients previously treated with the following concomitant drugs: sulfonylurea (SU) 
alone; metformin alone; both SU and metformin; metformin and insulin; and insulin alone. HbA1c decreased 
significantly in all groups and no significant difference was observed between the two age groups. Next, change 
in HbA1c is presented versus the duration of diabetes in Figure 5. HbA1c was compared based on duration of 
disease: less than 5 years; 5 to 14 years; and 15 years or longer. HbA1c was significantly decreased in all groups. 
No significant difference was detected between the two age groups. Figure 6 shows the change in HbA1c versus  
 

 
Figure 3. Adjusted mean changes in HbA1c from baseline to six months. 

 

 
Figure 4. Change in HbA1c versus previous therapeutic agent at baseline. 
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Figure 5. Decrease in HbA1c six months after addition of sitagliptin versus duration of di-
abetes. 

 

 
Figure 6. Change in HbA1c versus baseline eGFR. 
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groups, HbA1c decreased significantly. There was no significant difference between the two age groups. 
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Table 2. Changes in body weight and systolic and diastolic blood pressure in the two groups. 

BW (kg) 0 Months  3 Months  6 Months  
Adjusted mean change 

from baseline at  
6 Months  

P-value at 6 M  
vs. Baseline  

65 - 74y 61.3 ± 10.9 61.3 ± 10.9 61.3 ± 11.0 0.024 ± 0.00 0.916 

≥75y 58.0 ± 10.2 58.1 ± 10.2 58.2 ± 10.4 0.132 ± 0.00 0.622 

P = 0.124 between two groups. 

SBP (mmHg) 0 Months   6 Months  
Adjusted mean change 

from baseline at  
6 Months  

P-value at 6 M  
vs. Baseline  

65 - 74y 126.5 ± 12.4  126.1 ± 14.3 −0.409 ± 11.6 0.766 

≥75y 123.8 ± 9.83  123.8 ± 12.2 0.00 ± 10.6 1.000 

P = 0.376 between two groups. 

DBP (mmHg) 0 Months  6 Months 
Adjusted mean change 

from baseline at  
6 Months 

P-value at 6 M  
vs. Baseline 

65 - 74y 72.9 ± 9.9  72.9 ± 10.9 −0.03 ± 11.0 0.982 

≥75y 69.1 ± 10.3  66.9 ± 12.1 −2.10 ± 13.5 0.296 

P = 0.008 between two groups. 
Data are shown as the mean ± SD. Values show the difference compared between two groups. (two-tailed Student’s paired or unpaired t-test). BW: 
body weight; SBP: systolic blood pressure; DBP: diastolic blood pressure. 
 
blood pressure was slightly lowered and showed a significant difference at 6 months from the values in patients 
younger than 75 years. 

There were few AEs. Constipation was observed in 2 patients (1 in each age group) and mild hypoglycemia in 
2 patients (a patient treated with SU in those younger than 75 and a patient treated with insulin in those 75 years 
or older). No serious AEs were observed in either group. Sitagliptin was well tolerated. 

4. Discussion 
The present study demonstrates that, in elderly patients aged 75 years or older with type 2 diabetes whose plas-
ma glucose had been insufficiently controlled by other hypoglycemic agents, sitagliptin improved plasma glu-
cose level as effectively as in those patients aged 65 - 74 with poorly controlled type 2 diabetes. Furthermore, 
the drug was well tolerated. Review of the literature demonstrates that patients aged 75 years or older with type 
2 diabetes have generally been excluded from clinical trials, even though they account for a large and growing 
proportion of patients with type 2 diabetes. 

Perhaps one reason for the exclusion from such trials is concern about the risk of hypoglycemia, which poses 
a problem in drug therapy in older patients with diabetes. Hypoglycemia not only increases the risk of falls and 
fractures, but also possibly causes impairment of cognitive function [21] [22]. Authors of the Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) Trial pointed out the relationship between severe hypoglycemia 
and higher mortality, specifically cardiovascular deaths, seen significantly more frequently in the intensive glu-
cose control group than in the standard glucose control group [23]. This highlights the importance of prevention 
of hypoglycemia. The reasons for frequent hypoglycemia in elderly patients include: 1) slowed metabolism and 
excretion of drugs related to aging, 2) impairment of autonomic function, 3) decreased or unstable glucose in-
take, and 4) poor adherence to treatment due to impaired cognitive function.  

The most important age-related change in pharmacokinetics occurs in the kidney. The weight of the kidney 
decreases with aging. Renal blood flow is speculated to be reduced by 1 mL/minute/year after the age of 30, re-
sulting in a linear age-related decrease in eGFR starting in one’s 40s. Additionally, many drugs are mainly me-
tabolized in the liver. With aging, the weight of the liver also decreases and its metabolic capacity is reduced. 
These age-related changes delay the metabolism and excretion of drugs and result in an increased concentration 
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of drugs in the blood, which can lead to significant decreases in plasma glucose as well as other adverse drug 
reactions. Moreover, impairment of autonomic function increases the risk for sudden dysfunction of the central 
nervous system, which is responsible for subjective symptoms that warn of decreases in plasma glucose level, 
rendering the patient unaware of hypoglycemia. Thus, hypoglycemia is more likely to become severe. Further-
more, glucose intake may be greatly reduced due to seasonal changes and changes in environment for many el-
derly patients. In such cases, hypoglycemia can easily occur in patients treated with SUs, unless they are told 
how to prevent it. Impairment of cognitive function increases the risk of duplicate dosing of drugs as well as er-
rors in choosing the correct insulin formulation and administering the correct dosage. Iwakura et al. raised ad-
vanced age, impaired renal function, use of SUs and insulin, and low HbA1c as factors that increase the risk of 
severe hypoglycemia [24].  

Because oral hypoglycemic agents directly affect glycemic control, the prescription instructions need to be as 
simple as possible in order to improve adherence to the treatment. When glycemic control is gradually worsened, 
prescribing physicians should remember to confirm whether or not these drugs are being taken properly before 
increasing the dose or adding new oral hypoglycemic agents. It is often difficult to confirm this by talking only 
with patients. Discussion with family members is also important. 

DPP-4 inhibitors are classified as insulin secretagogues. However, they promote insulin secretion only when 
plasma glucose level is high, and therefore, they do not frequently cause hypoglycemia when used as oral mo-
notherapy. This is the greatest advantage of these drugs for use in elderly patients. However, the risk of hypog-
lycemia is increased in concomitant use with other drugs, especially SUs or insulin. In addition, DPP-4 inhibi-
tors are taken once or twice a day, which is expected to help maintain adherence to the treatment. When renal 
function is impaired, these drugs can be used by adjusting the dose (although dose adjustment is unnecessary for 
linagliptin and teneligliptin). Thus, we speculate that these drugs can be used relatively safely in elderly patients. 
Among DPP-4 inhibitors, the outcome of administration of vildagliptin and linagliptin has been, in particular, 
examined in more elderly subjects with diabetes than others. A meta-analysis of studies on vildagliptin showed 
that the improvement in HbA1c as a result of using this drug was comparable in patients aged 65 years or older 
and patients younger than 65 years. Fasting plasma glucose and body weight were significantly and markedly 
decreased in the group of patients aged 65 years or older [25]. Moreover, Schweizer et al. evaluated this drug in 
even older patients, those aged 75 years or older (mean age, 76.9 years; range, 75 - 84 years) and confirmed it to 
be effective and well tolerated [26]. The subjects of the present study were even older than those of Schweizer 
and colleagues, being 79.8 years old on average, ranging from 75 - 92 years old. The study by Schweizer et al. 
was a meta-analysis of Phase II and III clinical studies, and most participants were healthy enough to be eligible 
for participation in such clinical studies. In contrast, our subjects were recruited from clinical practice, and 
therefore, we consider our data to be a better reflection of actual treatment. As far as we know, the present study 
is the first report showing that sitagliptin, the least examined DPP-4 inhibitor, in elderly patients with type 2 di-
abetes is as effective and as well tolerated as others in this class. 

Linagliptin was shown to significantly decrease HbA1c by −0.64% compared with placebo and to be as safe 
and well tolerated as placebo in a study in which linagliptin or placebo was added to monotherapy with metfor-
min, SU, or long-acting insulin, or to a combination of these drugs prescribed to patients aged 70 years or older 
[27]. Our study also demonstrates that sitagliptin is useful and safe when it is added to treatment with other hy-
poglycemic agents. Our study further shows its efficacy in elderly patients with diabetes aged 75 years or older 
with any renal dysfunction.  

One major limitation of the present study is its retrospective design and the limited number of patients studied. 
Almost all of the patients received add-on therapy; the number of drug naïve patients was limited (n = 9). In ad-
dition, the duration of the study may be another limitation because the extent of the glycemic response may not 
have been fully elucidated over this time frame. Furthermore, other markers, such as markers for assessment of 
β-cell function in homeostatic models, and basal active GLP-1 levels, which could have contributed to the 
HbA1c reduction with sitagliptin, were not measured in the present study. Therefore, increased numbers of sub-
jects and more detailed clinical parameters are needed in the future to avoid inappropriate extrapolation of the 
data. 

The present study shows that sitagliptin added to existing glucose-lowering drugs is well tolerated, weight- 
neutral, and improves glycemic control in patients with type 2 diabetes aged 75 years or older (with characteris-
tics typical of those encountered in clinical practice), similar to those less than 75 years old, without increasing 
the risk of AEs. 
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Abstract 
Traumatic brain injury (TBI) is one of the most common diseases in clinical neurosurgery charac-
terized with high incidence rate, mortality and many complications. Objectives: The purpose of 
this study is to explore the roles of Xuesaitong in the therapeutic effect of brain trauma and altera-
tion of expression in Bax, a kind of promoting apoptosis factor. Methods: The rat traumatic brain 
injury models were established by using modified free falling body impact method. Thereafter, 
Xuesaitong was employed to be administered to TBI rats, and NSS Score Rating Scale was used to 
evaluate the effect of Xuesaitong. Moreover, real-time PCR was used to detect the Bax expression 
changes before and after the Xuesaitong administration. Results: Xuesaitong could accelerate the 
neurofunctional recovery of TBI rats, accompanied by NSS Scores significant decrease. Simulta-
neously, it also could inhibit the expression of Bax factor. Conclusions: Xusaitong could markedly 
ameliorate TBI restoration, in which it promotes the neurofunctional recovery, and at the same 
time it inhibits the expression of Bax. 
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1. Introduction 
Traumatic Brain Injury (TBI) is one of the most common diseases in neurosurgery with high incidence rate, 
mortality and muti-complications. It could result in movement defect, cognition disorder, impairment of lan-
guage function. The lesion of TBI also includes direct injury occurring at the injury site and secondary injury 
induced by the pathological process including ischemia, anoxia, calcium channel dysfunction and lipid peroxi-
dation [1]. Among all the complications, cognition disorder is the most sustained and serious symptom, which 
expressed as juries or loss of attention and memory [1] [2]. While local brain ischemia is one of the main causes 
of secondary craniocerebral injury, 90% among which is the direct cause to death [3]. Currently, to our know-
ledge, there are several following methods dedicated to clinical therapy for TBI: cryotherapy, hormonal therapy, 
neurotrophic factors and growth factors therapies, cellular transplanting therapies (such as Bone Marrow Stem 
cells (BMSC) and Neural Stem Cells (NSCs)) [2]. 

The main component of Xuesaitong freeze-dry powder for injection is Panax Notoginsenosidum (PNS) ex-
tracted from Panax Notoginseng (Sanqi), which is a kind of famous traditional Chinese Medicine. It has various 
effects of activating blood circulation to dissipate blood stasis, promoting blood circulation and activating colla-
terals, so it can stretch blood vessels, inhibit the platelet aggregation, reduce the content of fibrinogen in the 
blood flow and blood viscosity, thereby ameliorate the microcirculation and exert pharmacologic actions of anti- 
inflammation and anti-oxidant [4]. All these accelerate the absorption of hematoma, promote the fadeaway of 
tissue edema surrounding the injury sits and ultimately improve the recovery of neural dysfunction [5].  

Xuesaitong freeze-dry powder for injection used in this study is off-white to stramineous color that is powder 
in amorphous forms or loosened solid powder with bitter in taste and subtle sweet. It can relieve brain edema 
and inflammatory reaction so as to promote the absorption of intracranial hematoma [6]. Xuesaitong is a new 
type of thrombolysis anticoagulant, which has been widely used in clinic practice due to its beneficial effects on 
raising the cerebral blood flow, ameliorate the blood circulation of infarction zone and effectively prohibit the 
formation of thrombus. It exerts effects on brain protection under injured or anoxic condition through modifying 
blood circulation, taking against platelet aggregation and prolonging Clotting time [7]. 

Bax is an apoptosis promoted factor that commonly present in the cytoplasm as transducer in cellular damage 
and stimulation. However, when cellular apoptosis occurs, Bax that associates with mitochondrial may present 
in a manner of monomer without the activity. Or it may present in a manner of activated complex with big mo-
lecular weight that combined with mitochondria membrane [8] [9]. Responded to injury and stimulation, Bax will 
re-localize at surface of mitochondrial and further destroy the function of Bcl-2 protein that has anti-apoptotic 
effect in normal condition. 

During the process of apoptosis, Bcl-2 gene family plays a critical role [10]. Bcl-2 gene family is divided into 
two kinds of protein-anti-apoptotic protein and promoting apoptotic protein. The product of Bax, an important 
factor attached to promoting apoptotic protein [11], has an effect on antagonize the bioactivity of bcl-2, which is 
homologous to Bax’s product, an associated protein of bcl-2. Bax could form a bore spanning the mitochondrial 
outer membrane, resulting in reduction of the membrane potentials and outflow of Cytochrome C (Cyt C) and 
apoptosis inducing factor (AIF). Whereas Cyt C, combining with Apaf-1, ATP and pro-Caspase-9, form apop-
tosome compound, which activates Caspase-9. When binding to Cyt C, the combing capacity between Apaf-1 
and pro-Caspase-9 was strengthened. Anti-apoptotic molecule Bcl-2 and Bcl-XL play a role in prohibiting the 
bore formation on the mitochondrial. When Bax, Bcl-2 and Bcl-XL form heterodimer, it blocks up the an-
ti-apoptotic effects exerted by these molecules [7]. These anti-apoptotic effects may attributed to the underlying 
mechanism by destroying the mitochondrial outer membrane, promoting the assembly of death-inducing signing 
complex (DISC) and activity of Caspase-3, Caspase-8, ultimately playing roles in promoting apoptosis [11]. It 
has been demonstrated that expression of Bax closely associated with incidence and development of various ma-
lignant tumors [12] [13]. Moreover, it has been revealed that Bax could mediate the apoptotic sensibilization 
produced by fibroin of mammary gland. This provides new foundation for the treatment of breast cancer and 
prostatic cancer [14], suggesting Bax may play a crucial role in clinical tumor therapy. However, to our know-
ledge, the relationship between Bax and TBI is few reported and largely unknown. 

Taken together, traumatic brain injury (TBI) model was employed in this study. NSS Score System was used 
to evaluate the therapeutic effect of Xuesaitong. Furthermore, qPCR was used for Bax expression detection. And 
the underlying action mechanism of Xuesaitong was investigated. Additionally, the relationship of Bax expres-
sion level and Xuesaitong’s effects on TBI rats was elucidated. 
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2. Methods 
2.1. Animal and Grouping 
A total of 30 Sprague Dawley (SD) rats, weighing 200 - 240 g, provided by Experimental Animal Center of 
Kunming Medical University, were used in this study. The animal grouping was shown in Table 1. TBI group 
was TBI rats without Xuesaitong injection. Sham group was rats subjected to craniotomy and cerebral dura ma-
ter exposure only. Rats in TBI-Xuesaitong injection group underwent TBI + Xuesaitong injection. In TBI + Xu-
esaitong group, rats were fixed and Xusaitong solution (200 mg/bottle, Pharmaceutical Group co.ltd of Kunming, 
China) was injected at 8 am every morning via caudal vein daily from 1 to 14d after operation (200 mg/d).  

2.2. Animal Model Preparation  
The rat traumatic brain injury model was prepared by using weight free drop impact method [15] [16]. Briefly, 
SD rats were anesthetized intraperitoneally with 3.6% chloral hydrate (1 ml/100g). And then, rats were fixed in 
prone position. An  incision was performed along the sagittal plane of the left parietal bone of skull, the left pa-
rietal bone was exposed. A 5.0 mm × 5.0 mm sized bone window was formed at approximately 2.5 mm aside 
from sagittal suture and 1.5 mm aside from coronal suture, the cerebral dura mater was then exposed. Subse-
quently, an iron midheaven cylinder, weighing 59 g, was allowed to drop from 10 cm height along with a metal 
pole. When it impacted on the clout placed on the surface of cerebral cortex, the contusion of left motor cortex 
formed, which could mimic the state of traumatic brain injury. Following the operation, the foods and water was 
ad libitum. Penicilline sodium (0.5 ml/20IU) was injected im. to prevent infection. 

2.3. Neurological Severity Score Evaluation [17] [18] 
Neurological Severity Scores (NSS) Rating Scale System was used to evaluate the motor function of rats fol-
lowing TBI. NSS assessment was conducted daily by blindness method from Day 1 to Day 14 after operation. 
The NSS Scales was shown in Table 2. SPSS software was employed to analyze the data. 

The score ranged from 2 - 18. 13 - 18 score represented severe injury. 7 - 12 score represented moderate in-
jury. While 1 - 6 score represented mild injury [19]. NSS Score also was used to evaluate whether or not the TBI 
rat models was installed successfully. 

2.4. Real-Time RT-PCR 
The brain tissues of rats were harvested from rats in all experimental groups on 1d post of TBI. Total RNA was 
isolated from brain tissues using Trizol reagent (Invitrogen) to produce cDNA, respectively. Then, quantitative 
RT-PCR (qRT-PCR) analysis was performed to analyze the level of Bax. QRT-PCR of cDNA was performed, 
and then the PCR reaction was performed at 95˚C for 2 min; and circulated 40 times at 95˚C for 20s, 50˚C for 
30s and 60˚C for 40s. The fluorescence were collected and recorded after finishing 40 cycles. And the reaction 
was performed on real time fluorescent quantitative PCR (Thermal Cycler). Data were analyzed using a relative 
critical threshold (Ct) method where the amount of target normalized to the amount of inner control.  

2.5. Statistics 
Experimental data were expressed as mean ± standard error. T test was used for comparison samples between 
different two groups. Muti-sample comparison in the same group was analyzed by ANOVA. The SPSS 18.0  
 

Table 1. Animal and grouping. 

Groups NSS/qPCR 

TBI 10 

Sham 10 

TBI-Xuesaitong injection (via caudal vein) 10 

Total 30 
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Table 2. Neurological Severity Scores (NSS). 

Motors tests Points 

Raising rat by the tail 3 

1 Flexion of forelimb  

1 Flexion of hindlimb  

1 Head moved >10˚ to vertical axis within 30s  

Placing rat on the floor (normal = 0; maximum = 3) 3 

0 Normal walk  

1 Inability to walk straight  

2 Circling toward the paretic side  

3 Fall down to the paretic side  

Sensory tests 2 

1 Placing test (visual and tactile test)  

2 Proprioceptive test (deep sensation, pushing the paw against the table edge to stimulate limb muscles)  

Beam balance test (normal = 0; maximum = 6) 6 

0 Balances with steady posture  

1 Grasps side of beam  

2 Hugs the beam and one limb falls down from the beam  

3 Hugs the beam and two limbs fall down from the beam, or spins on beam (>60s)  

4 Attempts to balance on the beam but falls off (>40s)  

5 Attempts to balance on the beam but falls off (>20s)  

6 Falls off: No attempt to balance or hang on to the beam (<20s)  

Reflexes absent and abnormal movements 4 

1 Pinna reflex (head shake when touching the auditory meatus)  

1 Corneal reflex (eye blink when lightly touching the cornea with cotton)  

1 Startle reflex (motor response to a brief noise from snapping a clipboard paper)  

1 Seizures, myoclonus, myodystony  

Maximum points 18 

Note: One point is awarded for the inability to perform the tasks or for the lack of a tested reflex; 13 to 18 indicates severe injury; 7 
to 12, moderate injury; 1 to 6, mild injury. 

 
software (IBM Company) was used for statistical analysis. A level of P < 0.05 was considered as statistical sig-
nificant. When P < 0.01, it is considered as significant statistical difference. 

3. Results 
3.1. NSS Scores 
The NSS Scores in TBI group and Xuesaitong treated group turned out to be a step-up trend compared with 
sham group. During 8 to 13 d after operation, there was significant difference in NSS scores within TBI group 
and Xuesaitong group respectively (P < 0.01). In these two groups, the NSS Scores had a tendency of rising over 
time after the operation up to 14 d. It is implied that with the time passed following injury, rats got some extent 
of natural recovery.  
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The NSS scores in TBI group was substantially higher than that of sham group (P < 0.01). There was no 
marked difference for NSS scored between Xuesaitong group and TBI group (P > 0.05). NSS Scales in different 
experimental groups were shown in Table 3 and Figure 1. 

3.2. qPCR 
The level of Bax expression in TBI group was markedly higher than that of sham operative group and Xuesai-
tong treated group, respectively (P < 0.01). The comparison of Bax expression level among TBI, Xuesaitong 
treated and sham operative group was shown in Table 4 and Figure 2. 
 

Table 3. NSS Scales in different group. 

DPO 
NSS Scales (Mean ± standard error) 

TBI group Xuesaitong group Sham group 

1 5.2707 ± 0.61177 4.3328 ± 0.11655* 0.2462 ± 0.03078* 

2 4.7017 ± 0.20472 4.6639 ± 0.11755* 0.0586 ± 0.00953* 

3 4.3627 ± 0.11777 4.2630 ± 0.08558* 0.0000 ± 0.00000* 

4 3.5687 ± 0.05369 3.5644 ± 0.05255* 0.0000 ± 0.00000* 

6 2.3539 ± 0.08526 2.1195 ± 0.07089* 0.0000 ± 0.00000* 

8 1.1968 ± 0.03799 0.8860 ± 0.03101* 0.0000 ± 0.00000* 

10 1.0003 ± 0.03232 0.8410 ± 0.04815* 0.0000 ± 0.00000* 

12 0.5975 ± 0.01911 0.5169 ± 0.01374* 0.0000 ± 0.00000* 

14 0.2272 ± 0.02295 0.0949 ± 0.00402* 0.0000 ± 0.00000* 

Note: *Represented compared with TBI group. When P < 0.01, there was significant difference. DPO 
represents days post of the operation. 

 
Table 4. BAX relative optical density scales. 

Group BAX 

TBI 0.0229 ± 0.0024 

TBI+XueSaiTong 0.0175 ± 0.001* 

Sham 0.0115 ± 0.002* 

Note: *Represented compared with TBI group, when P < 0.01, there was significant difference. 
 

 
Figure 1. NSS Score polygram. *Represented comparison of inner groups in TBI and 
sham group. When P < 0.05 there was significant difference; #Represented inter- 
groups comparison between TBI and Xuesaitong group. When P < 0.05, it was con-
sidered statistically significant. 
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Figure 2. BAX relative optical density histogram. *Represented there was significant 
difference (P < 0.01) between the two group connected with the transverse lines. 

4. Discussion 
Traumatic brain injury is one of the most common diseases in neurosurgical clinics with high incidence rate and 
mortality [1] [2]. In this study, NSS Score Evaluation revealed that there was marked difference between TBI 
and sham operative group, suggesting that the TBI rat models were successfully installed. While there was 
nearly not any significant difference between any two subgroups on the time spots from 8 d to 13 d after the op-
eration in TBI group, it was implied that TBI rats had some certain ability to recover spontaneously. However, 
as there was obvious difference in NSS Scores between TBI and sham operative group, it was indicative that the 
injury resulted from TBI could not recover completely, that is, the rats of TBI had functional defect to a certain 
extent. The third, our results in NSS Score evaluation found that there existed a step-up trend in NSS Scores in 
TBI and Xuesaitong treated group when compared with sham group respectively, and the NSS scores in Xu-
esaitong treated group had no marked difference between those of TBI group, suggesting that Xuesaitong did 
not exhibited active role in the Neural functional recovery in TBI rats in this study. 

Following brain injury, there was local ischemia occurred in the tissues surrounding the injury site. The local 
ischemia would further lead to local tissue necrosis, i.e. cellular apoptosis [3]. Real-time PCR showed that the 
level of Bax expression in TBI group was markedly considerably higher than that of sham operative group. It 
was strongly suggested that brain injury did led to the augmentation of Bax gene expression, which thereby re-
sulted in the apoptosis of nerve cells. Previous studies found that Bcl-2/Bax ratio had a close association with 
cellular apoptosis. Notably, when Bax and Bcl-2 formed homo/heterodimer, it could play a crucial role in regu-
lating cellular apoptosis. When Bax formed homodimer, it could result in cellular apoptosis, while when bcl-2 
formed heterodimer, it could attenuate apoptotic rate of nerve cells by markedly suppress Bax, ultimately play a 
vital role in brain tissue protection [19]. It is concluded from above that when the content of heterodimer 
(Bcl-XL/Bax and Bcl2/Bax) above 50% intracellularly, the cells commonly endure the apoptosis. Whereas when 
the content of Bax homodimer above 80% intracellularly, cellular apoptosis occurred [20]. Our results showed 
that the level of Bas expression in Xuesaitong treated group was markedly lower than that of TBI group. This 
demonstrated that Xuesaitong played roles in prohibiting Bax gene expression. 

In summary, despite Xuesaitong could play its roles in brain tissue protection in brain injury as described in 
previous report [21], we found that it did not had any active and positive role in neural functional recovery when 
injected through caudal vein in TBI rats. Previous reported concluded that Xuesaitong may played its roles 
through suppressing Bax gene expression in that it not only could relieve the extent of brain edema and infarc-
tion area [22] [23], but also further ameliorate neural function, thereby ultimately contributing to the therapeutic 
effect of brain injury. However, currently, Xuesaitong was mostly used in the cerebral ischemia of rat models, 
even in clinical treatment, such as cerebral infarction therapy. Therefore, its concrete roles and associated un-
derlying mechanism in brain injury await intensive studies. And the dose, pathway and timing for Xuesaitong 
administration are another important factors affecting its roles in brain protection. Furthermore, the development 
of brain injury may be involved in muti-mechanisms rather than a simple one. In this study, Bax gene expression 
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was detected only on 1 d post of operation. Because of at this time, NSS Scores change among the three experi-
mental groups was the biggest; we wanted to investigate the relationship of NSS Score-changes and Bas gene 
expression. Notably, the scope of timing for Bax detection should be enlarged in future studies so that more 
convincing outcomes can be obtained. Therefore, our study is a preliminary one. It is needed to intensively elu-
cidate the concrete actions taken by Xuesaitong in therapy of brain injury. Importantly, more reliable evidence 
involved in changes of Bax gene expression and Xuesaitong’s roles in brain injury awaits professional study. 
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Abstract 
More than four decades ago it was established that an elevated low-density lipoprotein-choles- 
terol level was a risk for developing coronary artery disease. For the last two decades, statins have 
been the cornerstone of reducing low-density lipoprotein-cholesterol, but despite significant 
clinical efficacy in the majority of patients, a large number of patients suffer from side effects and 
cannot tolerate the required statin dose to reach their recommended low-density lipoprotein- 
cholesterol goals. Preliminary clinical studies indicate that monoclonal antibodies to PCSK9 ap-
pear to be highly efficacious in lowering low-density lipoprotein-cholesterol with a favourable 
adverse event profile. However, further longer-term clinical studies are required to determine 
their safety. From the early-proposed concept for high-density lipoprotein-mediated cholesterol 
efflux for the treatment of coronary artery disease, the concentration of the cholesterol content in 
high-density lipoprotein particles has been considered a surrogate measurement for the efficacy 
of the reverse cholesterol transport process. However, unlike the beneficial effects of the statins 
and monoclonal antibodies to PCSK9 in reducing low-density lipoprotein-cholesterol, no signifi-
cant advances have been made to increase the levels of high-density lipoprotein-cholesterol. Here 
it is shown that by a non-pharmacological plasma delipidation means, the atherogenic low-density 
lipoproteins can be converted to anti-atherogenic particles and that the high-density lipoproteins 
are converted to particles with extreme high affinity to cause rapid regression of atherosclerosis. 
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1. Introduction 
1.1. Early Observations of Lipoproteins and Their Relationships with  

Atherosclerosis 
More than 40 years ago, the Framingham Heart Study established that an elevated low-density lipoprotein-cho- 
lesterol (LDL-C) level was a risk for developing coronary artery disease (CAD) [1]. 

Also, more than 40 years ago, Glomset [2] proposed that high-density lipoprotein (HDL) transfers cholesterol 
from peripheral tissues to the liver, where metabolites of the sterol are excreted into the bile. From the early 
proposed concept for HDL-mediated cholesterol efflux [3], the concentration of the cholesterol content in HDL 
particles has been considered a surrogate measurement for the efficiency of the reverse cholesterol transport 
(RCT) process. 

In the 1970s it was well established that plasma contained lipid carriers, some of which were detrimental to 
the body, LDLs, and others that were beneficial to the body, HDLs. 

1.2. Atherosclerosis Formation 
Lipoproteins carry cholesterol to and from the vessel wall; if too much cholesterol is carried to and too little is 
carried from the vessel, it accumulates there and causes fatty deposits to build up in the vessel wall, a phenome-
non known as atherosclerosis. 

Atherosclerosis, the horror of mankind, refers to the build-up of cholesterol, other fats, and other substances 
such as calcium deposits, cells, cell debris in, and on, artery walls (plaques), which can restrict blood flow. 

Blood clots can form at the plaque and either obstruct blood flow, or, break off and clog the arteries such as 
the coronary arteries to the heart or carotid arteries to the brain, resulting in a possible heart attack or stroke re-
spectively. 

During the pathogenesis of atherosclerosis, blood monocytes, originated from bone marrow-derived progeni-
tor cells, infiltrate from blood to the intima and sub intima, a process that is activated by subendothelial accu-
mulation of apolipoprotein B-containing lipoproteins (LDLs). 

The accumulation of apolipoprotein B-lipoproteins (Apo B-LPs) in the matrix beneath the endothelial cell 
layer leads to the recruitment of monocytes. These cells differentiate into macrophages and undergo foam cell 
formation. 

Macrophage scavenger receptor (SR) binds and internalise modified forms of LDL through mechanisms that 
are not inhibited by cellular cholesterol content and they are likely responsible for macrophage cholesterol ac-
cumulation. 

1.3. Prevention of Atherosclerosis 
Over the past decade, statins, with maintaining a healthy lifestyle, have been the most effective therapies in 
treating atherosclerosis by reducing the synthesis and thus delivery of cholesterol in Apo B-LPs to the vessel 
wall. This has resulted in decreased incidences of heart disease by 30 per cent. 

There is, however, an urgent need for further reduction of the unacceptably high remaining risk of cardiovas-
cular and cerebrovascular diseases.  

Coronary heart disease (CHD) and stroke, caused by atherosclerosis, are leading causes of death in the USA. 
More than 80 million Americans, one in three of the population, suffer from atherosclerotic disease; most don’t 
even know it. More than 2600 Americans die every day because of cardiovascular diseases, approximately 1 
death every 33 seconds. 

In essence, drugs like the statins can be regarded as preventative measures of atherosclerosis, that is, statins 
may inhibit the progression of the disease, which on its own is a major achievement. However, there are no con-
vincing data to show that the statins can cause regression of atherosclerosis. 

The monoclonal antibodies alirocumab and evolocumab that block the gene PCSK9 show promise to reduce 
LDL-C even more effectively than statins. The need to combat atherosclerosis is recognized worldwide. Conse-
quently, health authorities are being forced to approve these promising new drugs years before completion of the 
necessary clinical trials. Definitive evidence of the drugs’ safety and effectiveness in reducing heart attacks and 
deaths will only be obtained after such trials are completed. 
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1.4. Atherosclerosis Regression 
To date, the best plausible mechanism to achieve regression of atherosclerosis is by RCT. 

In a nutshell, cholesterol, synthesised or deposited in peripheral tissues is returned to the liver by RCT in 
which HDL plays a central role. HDL is secreted by the liver and intestine in the form of nascent particles con-
sisting of phospholipid and apolipoprotein A1 (Apo A1). Nascent HDL interacts with peripheral cells, such as 
macrophages, to facilitate the removal of excess free cholesterol (FC), a process facilitated by the ATP-binding 
cassette protein 1 (ABCA1). FC is generated in part by the hydrolysis of cellular cholesteryl ester (CE) stores by 
the enzyme cholesterol ester hydrolase (CEH). FC in HDL is then reconverted into CE resulting in mature 
CE-rich HDL as a result of the plasma cholesterol-esterifying enzyme lecithin: cholesterol acyltransferase 
(LCAT). Selective uptake of the HDL by the liver is mediated by the scavenger receptor class-B, type I (SR-BI). 
CE in the liver derived from HDL contributes to the hepatic-cholesterol pool by processes involving CEH and is 
used for bile acid synthesis. Cholesterol is eventually excreted from the body or reabsorbed either as its metabo-
lites bile acids or as FC in the bile. 

Another, not very publicized, pathway for RCT involves the widely accepted atherogenic lipoproteins and the 
plasma enzyme CE transfer protein (CETP). CE can be transferred from HDL to Apo B-LPs, such as VLDLs 
and LDLs, by CETP. Through uptake of LDL by the liver via hepatic LDL receptors, cholesterol can then be 
transported to the liver, where it contributes to the hepatic-cholesterol pool for excretion or reabsorption. 

1.5. Regression of Atherosclerosis by Stimulation of RCT 
Approaches to obtain regression of atherosclerosis are avidly being investigated. One such approach is the 
movement of cholesterol from within the body to outside of the body by non-pharmacological methods. 

2. Methods 
Plasma Delipidation 
As early as in the 1970s it was proposed that removing lipid from the plasma by non-pharmacological means, 
but retaining their protein carriers, the apolipoproteins, in the delipidated plasma may have application to treat 
hyperlipidemic diseases [4] [5] and in 1978 the importance of apolipoproteins in lipid metabolism was high-
lighted [6]. 

By studying and understanding lipid-protein interactions and the interconnectivity of organic solvents with the 
binding of lipid to proteins, it was considered useful to develop a plasma delipidation process that would result 
in: 
• removal of lipid from plasma without protein denaturation; 
• simultaneous extraction of different classes of lipids but at different rates; 
• extraction of partial or total lipids from different lipoprotein classes but at different rates. 

The rationale of the plasma delipidation system has previously been described [7]. 

3. Results 
3.1. Basic Research 
In 1976 it was first reported that a mixture of butanol and diisopropyl ether (DIPE) attained removal of triglyc-
erides, FC, EC, phospholipids (except gangliosides [7] [8]), and unesterified fatty acids from plasma without 
protein denaturation. Different lipids were simultaneously extracted, but the rate of extraction was most rapid for 
unesterified fatty acids, followed by triglycerides, CE, FC and phospholipids at, respectively, decreasing rates [4] 
[5].  

Delipidation of plasma yielded ordered delipidation of HDL, very low-density lipoprotein (VLDL) and LDL 
in plasma. HDL was more readily delipidated than were LDL and VLDL fractions [4] [5]. Only lipids were re-
moved from the delipidated plasma, all other constituents of plasma including the apolipoproteins remained in-
tact, to the extent that delipidated plasma is used to measure apolipoproteins concentrations [7] [9]. The concen-
trations and activities of enzymes, including lipid-associated enzymes, were unaffected by the delipidation 
process [4] [7] [9]-[11]. 
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3.2. Preclinical 
Cell Culture Studies 
Cellular binding activity of LDL and cholesterol-free LDL, obtained by delipidation of plasma with DIPE- bu-
tanol, are identical [12]. Delipidated LDL does not stimulate cellular cholesterol ester (ACAT) synthesis, indi-
cating that no cholesterol is presented to those cells by delipidated LDL [12]. Delipidation of plasma converts 
the spherical HDL particles to disc and amorphous forms but this does not alter receptor-binding activity [12]- 
[14]. 

Delipidated serum, resulting in lipid depletion of all lipoprotein classes, effluxes cholesterol from human 
mononuclear leukocytes. When delipidated serum substantially depletes the contents of cellular cholesterol, 
stimulation of intracellular sterol synthesis occurs by a factor of eight to eventually meet the needs of cholesterol 
for the survival of the cells [15]. 

However, intracellular sterol synthesis is inhibited by the addition of non-delipidated LDL to the delipidated 
serum. This indicates that cells preferentially utilize cholesterol given to them rather than synthesizing their own 
[15]. These studies were confirmed using skin and lung fibroblasts. The activity of HMG-CoA reductase (the 
rate limiting enzyme for the synthesis of cholesterol) in these cells, increased 5 to 30 fold in media containing 
delipidated serum. This occurred only after substantial removal of endogenous cellular cholesterol resulting in 
cellular cholesterol depletion, caused by the delipidated serum [13]. Addition of non-delipidated LDL to the 
cells resulted in the inhibition of cholesterol synthesis within the cells [14]. 

It was subsequently established that the component in the delipidated serum responsible for the removal of 
cholesterol from cells grown in culture was delipidated HDL and that delipidated HDL was a much better (more 
than 6 fold) cholesterol acceptor than non-delipidated HDL [14].  

Thus, delipidated serum contained delipidated LDL that bound to LDL cell receptors but no cholesterol was 
supplied to these cells. Delipidated serum also contained delipidated HDL that interacted with HDL cell recep-
tors, in this case the modified HDL was capable of removing much more cholesterol from cells compared with 
HDL particles in non-delipidated serum. It was concluded that delipidated serum supplied less cholesterol to 
cells and removed more cholesterol from cells. 

3.3. Clinical 
3.3.1. Batch Type Lipid Apheresis 
A plasma delipidation therapy evolved and was termed lipid apheresis (LA). Initially, batch type extracorporeal 
lipid apheresis was applied to animals. Twenty five percent of plasma was removed from normolipidemic and 
diet-induced hyperlipidemic roosters. The plasmas were delipidated and autologously returned back to the same 
animals. 

Different responses were observed when hyperlipidemic animals were compared with normolipidemic ani-
mals. In hypercholesterolemic LA-treated animals, an excessive cholesterol pool was rapidly mobilized when 
compared to normocholesterolemic animals [16]. 

In the normolipidemic animals the reduction of total cholesterol in plasma was immediate and was signifi-
cantly sustained for up to 150 minutes. Sixteen hours after LA, the concentrations of total cholesterol in plasma 
had returned to pre-treatment values. In contrast, with the hypercholesterolemic animals, LA reduced the plasma 
level of total cholesterol only very transiently. Fifteen minutes after LA, total cholesterol was significantly re-
duced in the plasma of the hypercholesterolemic animals. Thirty minutes and thereafter, following LA treatment, 
the concentration of total cholesterol in plasma was generally lower than the pre-treatment value but was not 
statistically different from the pre-treatment value. Haematological and biochemical parameters in the blood 
were unaffected by LA treatment [16]. 

These data strongly suggested that more of an excessive and accessible cholesterol pool in the hypercholes-
terolemic animals existed that was rapidly mobilizable to the plasma compartment by the LA treatment and 
supported the cell culture studies. 

Virtually immediately after infusion of delipidated plasma, conspicuous changes occurred in HDL. LA mark-
edly induced pre-β HDL and at least three other “new” HDL particles in the vascular system and these changes 
were transient. At approximately 150 minutes after LA, the changes in the HDL pattern had almost returned to 
the original pre-LA treatment patterns. Concomitant to the changes in the HDL pattern was the immediate re-
duction in plasma cholesterol concentrations, which was sustained also for 150 minutes [17].  
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Saturated LCAT kinetics was observed for 150 minutes after reinfusion of delipidated plasma in the hyper-
cholesterolemic animals but not normocholesterolemic animals, suggesting that a larger pool of FC was being 
mobilized in the hypercholesterolemic animals [18]. 

Cholesterol ester transfer activity (CETA) was twice as high in delipidated hyperlipidemic plasma than in de-
lipidated normolipidemic plasma [19]. This, together with the LCAT kinetic observations, indicated that in the 
hyperlipidemic state, more CE was being transferred from relipidated HDL to delipidated LDL. 

Batch LA-treatments on five consecutive days corresponding to treatments of 1.25 of body plasma volume, 
resulted in markedly reduced lipid in the arterial wall as well as marked increases in the lumen diameter [20]. 

Substantive mesenterical adipose tissue was clearly present in the abdomen of diet and hormone induced hy-
perlipidemic animals. This pool of lipid was drastically diminished when the hyperlipidemic animals were 
treated by two LA procedures corresponding to LA of 0.5 body plasma volume [21]. 

3.2.2. Continuous Lipid Apheresis 
Subsequent to the batch type LA procedure, a continuous LA process was developed in early 1990 [22]. 

Application of the continuous LA procedure to bovine [23] and porcine [24] normocholesterolemic and 
diet-induced hypercholesterolemic animals revealed that LA of 1 to 3.5 plasma volumes over 4 to 6 occasions 
resulted in the following: 
• Removal of lipids from plasma by the organic solvent extraction 
• Haematological and biochemical parameters were unchanged 
• Post-mortem studies showed no adverse effects 
• During LA treatment pre-beta and other “new” HDL particles were transiently present in plasma 
• LDL was also delipidated 
• Rapid, but transient reductions in plasma cholesterol occurred as a consequence of each LA treatment 
• After LA much less time was required with the hypercholesterolemic animals for the plasma cholesterol 

concentration to return to pre-treatment values when compared to normocholesterolemic animals  
• Saturated LCAT kinetics occurred in LA treated hypercholesterolemic animals but not normocholes-

terolemic animals 
• CETA was higher in LA treated hyperlipidemic animals than in normolipidemic animals 
• Apolipoproteins contents were unaffected by LA treatment 
• LA in hyperlipidemic animals mobilized pre-administered radio labelled cholesterol 
• Hepatic HMG-CoA reductase activities in the hypercholesterolemic animals were reduced when compared 

with normocholesterolemic animals 
• LA treatment of hypercholesterolemic animals did not result in increases of HMG-CoA reductase activity or 

plasma lathosterol concentrations 
• Histological studies on various segments of arteries indicated removal of lipid from arteries and improve-

ment in morphology of arteries as a consequence of LA treatment 

It was interesting that, with these three distinctly different animal models, LA resulted in similar observations. 
Figures 1(a)-(c) show the changes in electropherograms, before (A, a; B, 1; C, 1), during, and after LA (A, 

b-h; B, 2-5; C, 2-6) in the three different models (rooster, bovine and porcine). Obvious, but transient changes in 
the HDL region were observed. The lipoproteins were stained for lipid. All of the observed “new” HDLs as a 
consequence of LA, reacted with Apo A1 antibodies. 

The LA treatment of the hypercholesterolemic roosters resulted in remarkable reduction of the intensity of 
lipid in the arterial wall as well as marked increases in lumen diameter. 

Figure 2 shows a representative section of a lesion with significant narrowing of the lumen of the thoracic 
aorta of a hypercholesterolemic rooster and a representative section of a similar site of the thoracic aorta of a 
hypercholesterolemic animal that had undergone five LA treatments. 

Higher magnification of the media sections of the abdominal aorta in hypercholesterolemic roosters showed 
the presence of intimal accumulation of lipid, whereas, LA treatment of hypercholesterolemic roosters had little 
such lipid accumulation (Figure 3). 

Similar, but less pronounced observations were apparent when hypercholesterolemic bovine and porcine ani-
mals were subjected to LA. Histological studies revealed that LA treatments of these hypercholesterolemic ani-
mals resulted in removal of lipid from the various arteries studied. 



B. Cham 
 

 
695 

   
(a)                                       (b)                               (c) 

Figure 1. Representative agarose electropherograms of plasma before and various times after introduction of delipidated 
autologous plasma into the vascular pool in hypercholesterolemic roosters (a), calves (b) and pigs (c). Lipids in the lipopro-
tein fractions were stained with Fat Red 7B. Multiple forms of HDLs that reacted to Apo A1 antibodies were observed soon 
after autologous delipidated plasma was administered intravenously into the animals. These observed changes were tran-
sient. 

 

 
Figure 2. Histological sections (magnified x50) of thoracic aortas stained with Oil Red O. (a) Aorta from hypercholes-
terolemic rooster showing lipid-rich atherosclerotic plaque and significant luminal narrowing; (b) Aorta from hypercholes-
terolemic rooster after 5 LA treatments showing no evidence of atherosclerosis. 

 

 
Figure 3. Histological sections (magnified ×800) of abdominal aortas stained with Oil Red O. (a) Aorta from hypercholes-
terolemic rooster showing extensive intimal accumulation of lipid (see arrows); (b) Aorta from hypercholesterolemic 
rooster after 5 LA treatments showing little lipid accumulation (see arrows). 
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3.3.3. Selective HDL Lipid Apheresis 
Based on the observations reported in the 1970s, that plasma could be delipidated with butanol-ether to yield se-
lective delipidation of HDL; a study was undertaken in non-human primates in the mid 2000s. Twelve weekly 
LA treatments, corresponding to a total infusion of approximately 4 body plasma volumes of selective HDL de-
lipidated plasma of diet-induced hyperlipidemic African Green Monkeys gave similar results to those obtained 
with the avian, bovine and porcine models. Again it was shown that LA converted cholesterol-rich HDL parti-
cles to cholesterol-poor small, and pre-β-like HDLs. Pre-β HDL had a plasma residence time of 8 ± 6 h and was 
converted entirely to large αHDL, this was within the range of the residence time of pre-β HDL observed in the 
LA treated avian, bovine and porcine models. LA treatment with delipidated plasma reduced diet-induced aortic 
atherosclerosis in monkeys measured by intravascular ultrasound (IVUS) [25].  

In all the animal studies, no serious adverse effects were observed with LA treatments. The promising obser-
vations of safety and efficacy achieved by LA treatment with the animal studies led to a randomized, placebo- 
controlled study to evaluate the safety and feasibility of autologous selective delipidated HDL plasma infusions 
in human patients with acute coronary syndrome (ACS) [26]. 

Seven weekly LA treatments of plasma with butanol-ether resulting in selective HDL delipidation, corre-
sponding to a total infusion of approximately two body plasma volumes of selective HDL delipidated plasma, 
over seven weeks treatment in man, have shown to be feasible and well tolerated in patients with ACS. The lev-
els of the preß-like HDL and αHDL in the delipidated plasma transiently converted from 5.6% to 79.1% and 
92.8% to 20.9%, respectively, and confirmed the observations of LA treatment with the avian, bovine, porcine 
and monkey models. Patients underwent IVUS evaluation of the target vessel during the catheterization of ACS 
and up to 14 days following the final LA session. The IVUS data demonstrated a numeric trend toward regres-
sion in the total atheroma volume of −12.18 ± 36.75 mm3 in the delipidated group versus an increase of total 
atheroma volume of 2.80 ± 21.25 mm3 in the control group (p = 0.268, N.S.) [26]. 

The regressions of atherosclerosis although not significant in the humans and monkeys, were similar to the 
results reported in Apo A1 Milano studies [27]. 

On the contrary, the regression of atherosclerosis induced by LA in the rooster, bovine and porcine models 
were significant. These observed differences may be explained by the different precise conditions of the delipi-
dation processes used with the various studies. 

With the human and monkey models, the main focus was selective delipidation of HDL in plasma. Whereas, 
with the rooster, bovine and porcine models, all the lipoprotein classes in the plasma were delipidated. Effica-
cious mobilization of endogenous lipid stores including regression of atherosclerosis were obtained when 
plasma delipidation resulted in the removal of over 90% of cholesterols and triglycerides but retaining over 50% 
of phospholipids [7] [9] [16]-[18] [20]-[22]. Regression was also related to the delipidated plasma volume and 
frequency of LA treatment. 

4. Discussion 
4.1. Homeostasis versus Non-Homeostasis 
The current accepted concept of increased LDL-C levels being a risk for developing CAD and increased HDL-C 
levels contributing to the efficiency of RCT are both derived from systems that are at homeostasis in which 
metabolic equilibria have been achieved. 

Lipoproteins carry cholesterol to and from the vessel wall; if too much cholesterol is carried to and too little is 
carried from the vessel, it accumulates there and causes fatty deposits to build up in the vessel wall. 

Conversely, if less cholesterol is carried to and more is removed from the vessel, it depletes fatty deposits 
from the vessel wall and this is achieved with LA. 

During the application of LA, homeostasis is interrupted and a new transient dynamic equilibrium takes place. 
Understanding the difference between homeostasis and dynamic transient equilibrium is essential to appreci-

ate how LA results in regression of atherosclerosis. 
Relatively high HDL-C plasma levels do not necessarily reflect the efficacy and anti-atherogenecity of RCT. 

The efficiency of cholesterol flux through RCT pathways is clinically more relevant than the HDL-C concentra-
tions. The concentrations of HDL subclasses, the mobilization of cellular lipids for efflux by delipidated HDL 
and LDL, and the kinetics of relipidated HDL and LDL metabolism are important determinants of RCT and the 
risk of atherosclerosis. These dynamic transient equilibrium sequelae regarding the positive effects of stimula-
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tion of CETP to increase RCT are contrary to the understanding of the inhibition concept of CETP to increase 
HDL-C as is the case with homeostasis. 

4.2. Lipid Apheresis Shows Convincing Promise as a Treatment for Atherosclerosis 
The experimental data of cell culture and clinical studies strongly indicate cholesterol efflux caused by LA is not 
related to the novo synthesis of cholesterol but is related to mobilization of existing cholesterol stores. 

4.3. Mechanism of Action of Lipid Apheresis Resulting in Regression of Atherosclerosis 
A proposed mechanism of action is summarized in Figure 4 and is based on preclinical and clinical observa-
tions. 
 

 
Figure 4. Proposed mechanism of action of LA-induced RCT. Delipidation by LA removes lipid from plasma (test tubes at, 
5 and 8 o’clock) (A, undelipidated hyperlipidemic plasma; B, delipidated plasma, the upper organic solvent phase contains 
the lipids, the lower aqueous phase contains all plasma constituents but no lipids; C, recovered lipids extracted from the 
hyperlipidemic plasma). α-1 HDL is converted to preβ-1 HDL and when administered to the vascular pool, preβ-1 HDL in-
teracts with ABCA1 receptors of arterial wall macrophages and binds with FC to produce, relipidated α-4 HDL, α-3 HDL 
and α-2 HDL (9 o’clock). During relipidation of HDL, LCAT activity is at Vmax converting FC to CE in the HDLs (9 
o’clock). α-1 HDL is transported to the liver where it interacts with SR-B1 (6 o’clock) and its CE content is deposited in the 
liver. α-1 HDL can also transfer its CE to delipidated LDL with the help of stimulated CETP (3 o’clock). Relipidated LDL 
is transported to the liver and interacts with LDLR and its CE content is deposited in the liver (6 o’clock). The CE in the 
liver delivered by relipidated HDL and relipidated LDL is converted to FC by the enzyme CEH. FC is partly metabolized to 
bile acids and both FC and bile acids are secreted through the gastrointestinal tract to the intestine for reabsorption or excre-
tion from the body. HDL = high-density lipoprotein; LDL = low-density lipoprotein; ABCA1 = adenosine triphos-
phate-binding cassette-A1; LCAT = lecithin cholesterol acyltransferase; CETP = cholesteryl ester transfer protein; LDLR = 
low-density lipoprotein receptor; SR-B1 = scavenger receptor B1. 
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The explanatory notes are indicated by a clock position using the analogy of a 12-hour clock. 5 and 8 o’clock 
show that plasma delipidation results in the extraction and removal of lipid from plasma (test tubes). As a con-
sequence of plasma delipidation, α-1 HDL is converted to preß-1 HDL and when administered to the vascular 
pool interacts with ABCA1 receptors of arterial wall macrophages and binds with FC to produce relipidated α-4 
HDL, α-3 HDL and α-2 HDL (9 o’clock). During this process CEH within the macrophage is activated and 
converts CE to FC, which binds to the delipidated HDL. Throughout these events LCAT activity works at 
maximum velocity converting FC to CE within the relipidated HDL in the plasma (9 o’clock). During these 
processes CE is removed from the macrophage, ultimately ending up in relipidated α-1 HDL. 
α-1 HDL then has various choices, it can be transported in the vascular system to the liver where it interacts 

with SR-B1 receptors releasing its cholesterol content to the liver. Liver CEH converts CE to FC, which is partly 
converted to bile acids. FC and bile acids are secreted through the gastrointestinal tract to the intestine for reab-
sorption or excretion from the body. 

Another choice of relipidated α-1 HDL is, with the help of CETP, to transfer its CE content to delipidated 
LDL (3 o’clock). In so doing, delipidated LDL, obtained by delipidation of plasma and administered into the 
vascular pool, is relipidated. In the course of these events CETP is activated. Relipidated LDL can then be 
transported to the liver, and interact with LDLR. Consequently the CE content of relipidated LDL may undergo 
the same fate as CE supplied to the liver by HDL, resulting in excretion of FC or its metabolites, bile acids. 

These kinetic and dynamic effects of LA on the body are transient and occur during and temporarily after LA. 
Consequently, LA results in reversal of atherosclerosis (12 o’clock). 

5. Conclusions 
RCT is an essential physiologic process that maintains peripheral and total body cholesterol homeostasis. The 
relationship between RCT and atherosclerosis has long been hypothesised. The molecular mechanisms regulat-
ing stimulation of macrophage RCT by plasma delipidation have now been largely elucidated. 

The data presented in this report provide insights into the molecular regulation of RCT and indicate that the 
dynamic rate of macrophage RCT is more strongly associated with atherosclerosis than the steady-state plasma 
concentration of HDL-C. 

Plasma delipidation therapy makes available essential key elements within the body that stimulate RCT re-
sulting in regression of atherosclerosis. 

Further work is continuing to establish the optimum delipidation conditions to obtain maximum regression of 
atherosclerosis, in a manner, that will have wide clinical applications in patients. 
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Abstract 
Objective: To validate the hypothesis that camel pericardium could be more protected than bovine 
pericardium against calcification process according to the huge difference in their respective life-
style and lifetime. Methods: Glutaraldehyde (GA) fixed bovine and camel pericardium samples (BP 
and CP respectively) were both implanted in 30 New Zealand white rats (2 BP and 2 CP matched 
specimens in each animal) and explanted after 60 days. Unimplanted GA-fixed samples of both 
species served as control. Matched implanted samples and unimplanted samples were randomly 
submitted to elemental analysis by spectroscopy, phospholipid extraction, macroscopic and X-ray 
examination and histology. Results: At 60 days, calcium and phosphorus content were respectively 
9.54% ± 3.1% and 4.79% ± 1.4% of tissue dry weight in BP, and 12.52% ± 2.7% and 6.14% ± 1.3% 
of tissue dry weight in CP (ns). In X-ray analysis, the calcification score was 1.28 ± 0.45 and 2.14 ± 
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0.98 in BP and CP samples respectively without significant difference (p < 0.08). In histology, calci-
fications were lower in BP than in CP: 1.37 ± 0.85 vs 2.28 ± 0.83 (ns); collagen fibers were better 
conserved in BP than in CP: 2.4 ± 0.48 vs 1.87 ± 0.78 (ns), and less disoriented: 25% vs 62% (ns). 
In unimplanted samples, there was a higher but not significant rate of extracted lipids in CP: 5.7 ± 
1.8 vs 9.5 ± 3.8 nanomoles in PS fraction and 11.3 ± 3.7 vs 19 ± 7.7 nanomoles in total fatty acids, in 
BP and CP samples respectively. All results were in conjunction and demonstrated a higher but not 
significant rate of mineralization in camel pericardium after implantation, which could be related 
to a higher but not significant basic rate of phospholipid and fatty acids. Conclusion: This experi-
ment study in a subcutaneous rat model has failed to valid our hypothesis. Because the differences 
observed between bovine and camel pericardium did not reach the significance, at the best, there 
is no difference between both species and at the worst, camel pericardium has a higher rate of the 
phosphatidylserine fraction of phospholipid, and is more sensitive and prompt to calcification. 

 
Keywords 
Pericardium, Calcification, Bovine, Camel, Xenograft Tissue, Heart Valve Substitutes 

 
 

1. Introduction 
Structural dysfunction, due to calcification and non-calcific deterioration, is the major cause of failure of bio-
prosthetic heart valves. Glutaraldehyde (GA) was introduced for fixation of bioprosthetic valves to decrease 
immunogenecity, increase crosslinking of connective tissue proteins, and increase strength and durability [1]. 
Consequently, it has been used extensively for the preservation of bovine pericardium derived valves and por-
cine aortic valves. However, it has been found that GA fixation stimulates dystrophic calcification, as a conse-
quence of xenograft cells devitalization and a toxic effect of unstable cross-linking. The mechanism of minera-
lization of GA-fixed bioprosthesis consists of attraction and precipitation in which activated phosphatases bind 
to calcium upon lipid-based cell debris, which are full of phospholipids [2] [3]. Despite the controversies around 
the different effects of GA on the calcification process [4] [5], GA-fixed tissue remains the basic concept of xe-
nograft engineering and GA is the standard fixative with no alternative in view. Nevertheless, additional antical-
cificant treatments have been developed to block calcification at the cellular level and to provide better structur-
al integrity [6] [7]. 

Regardless of the fixation and the post-fixation treatments of the pericardium, we have considered that the 
animal origin of the xenograft could influence the process of calcification and we have tested this hypothesis in 
a comparison between bovine and camel origin. The main objective of this study was finding a potential differ-
ence in the degree of calcification for GA-fixed bovine (BP) and camel pericardium (CP) in a subcutaneous rat 
model. The organisms live a diverse lifestyle with a variance of eating habits, habitats and life expectancy which 
could involve variety of components present in BP and CP, being able to influence the calcification process of 
their respective tissue. 

2. Material and Methods 
2.1. Tissue Preparation 
Samples of bovine pericardium (BP) and camel pericardium (CP) were obtained from a local abattoir. The re-
moval of any adherent adipose tissue was followed by rinsing in 0.9% cold physiological saline. Samples were 
pre-fixed with a high concentration of glutaraldehyde (0.625%) for a period of 30 minutes. To remain consistent, 
using a round cutter instrument, the samples were assembled into 0.8 cm2 sections. Subsequently, all samples 
were stored by immersion in 0.625% GA at 4˚C for 24 hours. 

2.2. Subcutaneous Implantation 
The round samples, both BP and CP, were implanted subcutaneously in thirty 2-week-old New Zealand white 
rats. The surgical procedure was conducted under general anesthesia by the effect of ether. The dorsal area was 
shaved and disinfected prior to implantation of tissue samples which were rinsed in saline for 3 min to remove 
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any residual storage solution. Each rat received 4 samples, 2 BP and 2 CP; each sample was implanted through 
an incision of 1 cm into the dorsal wall. The unimplanted remaining samples, BP and CP, were stored in 0.625% 
GA at 4˚C as a control group. All animals utilized in this research were cared for according to the policies and 
principles established by the Animal Welfare Act and the NIHGuide for Care and Use of Laboratory Animals. 
After 60 days, the animals were sacrificed using an overdose of barbiturates and the samples were retrieved and 
oriented to three different analysis. For elemental analysis, 10 samples, 5 BP and 5 CP, were stored under cold 
conditions. For lipid extraction and fatty acid analysis, 4 samples, 2 BP and 2 CP, were frozen using liquid ni-
trogen. For morphology and radiography, 10 other samples were collected, 5 BP and 5 CP, and then they were 
fixed in 4% formaldehyde for histologic analysis. The BP and CP samples explanted were matched by animals 
to avoid any variations due the hosts and were identified numerically. Concurrently, the unimplanted and stored 
during the same 60 days BP and CP samples were rinsed in saline for 3 min to remove any residual storage solution, 
and then were oriented to the different analysis, as the explanted samples; they were identified as 0 (BP0, CP0). 

2.3. Elemental Analysis 
Calcium contents were assessed by atomic absorption spectroscopy. Samples were dried to a content weight in a 
desiccator oven and hydrolyzed with HNO3 (0.75 mol/l) at 68˚C for 15 hours. After centrifuging at 2500×g, the 
fluid was removed, diluted and the calcium content was determined using the atomic absorption spectrometer 
UNICAM Solaar 989. A calibration curve was plotted using a set of crescent concentrations of a calcium stan-
dard solution and distilled water blank. Calcium contents, expressed as percentage of tissue dry weight, 
represent the mean of at least three different spectrometric determinations. Phosphorous contents, expressed, as 
percentage of tissue dry weight, were assessed by inductively coupled analysis. 

2.4. Phospholipid Analysis 
The lipids and then the phospholipids were extracted and separated into different classes. The phosphatidyl se-
rine fraction (PS) was transesterified and the fatty acid methyl esters were analyzed by gas chromatography. 
Each fatty acid is expressed in % relative to the total fatty acids in the fraction PS.  

2.5. Macroscopic Examination and X-Ray Analysis 
The morphology of each sample was assessed before submission to X-ray analysis using mammography tech-
nique. For X-ray analysis the presence of calcium deposits was quantified on the basis of a 0 - 4 score as follows: 
0 = absent; 1 = focal, pinpoint, <1 mm of diameter; 2 = focal, >1 mm of diameter or pinpoint multiple; 3 = mul-
tiple >1 mm diameter; 4 = massive deposition. 

2.6. Histology 
The pericardial samples, BP and CP, were fixed in 4% formaldehyde, processed, and stained with hematoxylin- 
eosin (H&E) and von Kossa staining. The following parameters were evaluated: 
• Presence, amount and type of mineralization (nodular and laminar, whether calcium deposits occurred on 

cells, collagen fibers or both) on Von Kossa stained sections.  
• Presence, amount and type of inflammatory reaction (either granulomatous, lymphocytic or neutrophilic) on 

hematoxylin-eosin stained sections.  
A semi quantitative method was applied on histologic sections to evaluate the amount of mineralization and 

inflammatory infiltrate: (0) absent; (1) minimal; (2) mild; (3) moderate; and (4) severe. 

2.7. Statistical Analysis 
Quantitative data were presented as mean ± SEM. The statistical analysis included a variance check (ANOVA); 
The nonparametric Mann-Whitney U and Wilcoxon rank sum tests were used with a pairwise comparison of 95% 
confidence intervals. The probability was set at p < 0.05 for significance. 

3. Results 
All animals except one survived to the surgical procedure and they could be sacrificed at 60-day follow-up. 
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Implanted pericardium samples were matched by animal and then randomly distributed to the different analyses. 
Unimplanted samples were randomly distributed to the different analyses after storage. 

3.1. Elemental Analysis 
In unimplanted samples, calcium and phosphorus contents were at the limit of detection without difference be-
tween bovine and camel origin (Table 1). In implanted samples, calcium and phosphorus contents ranged from 
4.22% to 15.93% and 2.33% to 7.70% respectively. In matched implanted samples, calcium and phosphorus 
contents were higher in camel pericardium (Table 1) showing a higher mineralization process in this group. 
However, the difference between BP and CP were not significant (Figure 1). 

3.2. Phospholipid Analysis 
The phospholipid analysis was done on 8 unimplanted samples (4 BP and 4 CP) and 4 matched implanted sam-
ples (2 BP and 2 CP). In unimplanted bovine and camel samples, the phosphatidylserine fraction ranged from 
4.6 to 8.5 Nanomoles and from 4.6 to 15.2 Nanomoles respectively, and the total fatty acids in PS fraction, after 
new calibration, ranged from 6.9 to 16.9 Nanomoles and from 9.2 to 30.4 Nanomoles respectively, showing a 
higher rate of extracted lipids in camel samples: in mean, 5.7 ± 1.8 vs 9.5 ± 3.8 (ns) Nanomoles in PS fraction 
and 11.3 ± 3.7 vs 19 ± 7.7 (ns) Nanomoles in total fatty acids, in bovine and camel samples respectively. How-
ever, the distributions of the fatty acids were comparable between camel and bovine pericardium samples 
(Figure 2). In implanted samples, results were similar: in mean, 3.5 ± 1 vs 16.8 ± 8.5 (ns) Nanomoles in PS 
fraction and 7.1 ± 2 vs 33.6 ± 17 (ns) Nanomoles in total fatty acids, in bovine and camel samples respectively 
with a comparable distribution of fatty acids (Figure 2). Interestingly, PS fraction and total fatty acids were in 
implanted samples lower in BP and higher in CP in comparison with respective unimplanted samples. 
 
Table 1. Calcium and Phosphorous contents in bovine (BP) and camel (CP) pericardium matched samples. 0 indicates un-
implanted samples; 1 to 5 indicate implanted samples. Results are expressed in % of tissue dry weight. 

Content Samples 0 1 2 3 4 5 Mean 

Calcium 
BP <300 ppm 8.59 11.21 10.12 13.54 4.22 9.54 ± 3.1 

CP <300 ppm 13.62 12.04 7.71 13.32 15.93 12.52 ± 2.7 

Phosphorous 
BP 0.09 4.34 5.61 5.01 6.64 2.33 4.79 ± 1.4 

CP 0.10 6.66 5.93 3.81 6.49 7.70 6.14 ± 1.3 

 

 
Figure 1. Histogram of calcium and phosphorous content expressed 
as percentage tissue dry weight. BP, bovine pericardium, CP, camel 
pericardium. 
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Figure 2. Histogram of means for fatty acids present in unimplanted and implanted BP and CP sam-
ples. BP, bovine pericardium, CP, camel pericardium. 

3.3. Macroscopic Examination and X-Ray Analysis 
The macroscopic aspect of unimplanted and stored samples looks like fine; all are soft, supple, nongritty and 
well preserved without obvious difference between bovine and camel samples (Figure 3(a) & Figure 3(b)). On 
the contrary, all implanted samples look like small bones, more and less rigid, thickened, hard and gritty, as the 
consequence of the mineralization and calcification process during the implantation period; there was no visible 
difference between bovine and camel samples (Figure 3(c) & Figure 3(d)). 

The X-ray analysis involved 14 matched implanted samples (7 BP and 7 CP); the presence of calcium deposit 
was quantified on the basis of a 0 - 4 score (Figure 4) by two independent observers. The calcification score was 
1.28 ± 0.45 and 2.14 ± 0.98 in BP and CP samples respectively without significant difference (p < 0.08).  

3.4. Histology 
Histological analysis involved 4 unimplanted samples (2 BP and 2 CP). There was no difference in the cell 
components: all pericardium samples had absence of lymphocytes, neutrophils, giant cells and calcification. The  
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Figure 3. Morphology of pericardium samples before specif-
ic analysis. (a) BP unimplanted sample (b) CP unimplanted 
sample (c) BP implanted sample (d) CP implanted sample. 
BP, bovine pericardium, CP, camel pericardium. 

 

 
(a)                            (b) 

Figure 4. Mammography X-ray analysis of implanted sam-
ples. (a) shows a CP implanted sample with obvious calcium 
deposits with a score of 4. (b) shows a CP implanted sample 
with calcifications score of 1.BP, bovine pericardium, CP, 
camel pericardium. 

 
collagen fibers were present at a score of 3 and were well oriented in all samples (Figure 5, IV).  

Histological analysis involved 16 matched implanted samples (8 BP and 8 CP). The different microscopic as-
pects observed are illustrated in Figure 5 and semi-quantitative scores are summarized in Figure 6. Calcifica-
tions were lower in BP than in CP: 1.37 ± 0.85 vs 2.28 ± 0.83 (ns); collagen fibers were better conserved in BP 
than in CP: 2.4 ± 0.48 vs 1.87 ± 0.78 (ns) and less disoriented: 25% vs 62% (ns). The inflammatory infiltration 
by lymphocytes and giant cells was overall low with a light difference between BP and CP (ns). 

4. Comments 
Calcification is an important factor in clinical dysfunction of bioprosthetic heart valves. The onset of calcifica-
tion has been postulated to originate from an electrostatic attraction between the acid phospholipids of the con-
nective tissue and calcium. Accelerated calcification is associated with young recipient age, glutaraldehyde (GA) 
fixation, and high mechanical stress. Xenograft heart valves treated with GA and mounted in a rigid stent are the 
most widely used cardiac bioprostheses. Although stable cross-links in cellular and extracellular matrix proteins 
are considered to reduce immunogenicity, GA treatment has been demonstrated to increase calcification by fix-
ing cellular debris in place [1] [2]. 
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(a)                                       (b) 

(1) 

     
(a)                                       (b) 

(2) 

     
(a)                                       (b) 

(3) 

     
(a)                                       (b) 

(4) 

Figure 5. Histology of pericardium samples. (1) Implanted camel pericardium (a) Light microscopy in stained with H&E 
showing mild disruption of collagen fibers of the pericardial matrix; (b) High microscopy with Von Kossa staining showing 
severe calcifications (brown deposits). (2) Implanted bovine pericardium stained with H&E, (a) Light microscopy showing 
the presence of inflammatory cells (lymphocytes and giant cells); collagen fibers of the pericardial matrix remaining well 
oriented; (b) High microscopy showing giant cells. (3) Implanted camel pericardium with Von Kossa staining (a) Light mi-
croscopy and (b) High microscopy showing severe disruption of collagen fiber of the pericardial matrix with severe calcifi-
cation (brown deposits). (4) Unimplanted camel pericardium (a) stained with H&E showing a normal pericardial matrix with 
well-oriented collagen fibers and without inflammatory cell; (b) Von Kossa staining showing no calcification. 
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Figure 6. Histogram of mean scoring for microscopic examinations 
of implanted samples. BP, bovine pericardium, CP, camel pericar-
dium. 

 
Cells are the predominant location of mineralization and the usual pretreatment of commercially available bi-

oprostheses with GA, done to improve tissue durability, also potentiate calcification [4] [8]. GA fixation devita-
lizes but does not remove connective tissue cells that are prone to be the initial site of calcium deposition. Calci-
fication of the extracellular matrix structural proteins collagen and elastin has been studied; collagen and elastic 
fibers can serve as nucleation sites for calcium phosphate minerals, independent of cellular components [9]. 

Tremendous efforts have been made to solve this problem and numerous experiments have been carried out to 
investigate different calcium mitigating agents. Nowadays, all new anticalcificant treatments aim at washing re-
sidual GA out; thereafter, either additional surfactants are applied or methods to block calcification at the cellu-
lar level or to extract cells are used [6] [10]. At present, not all details of the different treatments are fully dis-
closed. 

Significant correlations between phospholipid levels and calcification have been well established and phos-
pholipids appear to be a significant contributor to the calcification of bioprosthetic tissue [2] [3]. Other mechan-
isms may also contribute to the observed calcification, as residual aldehyde toxicity and mechanical and cellular 
factors. Different lipoprotein profiles, potential differences in calcium metabolism, hematologic differences may 
play a role in the onset of calcification [11] [12]. 

The animal origin of the xenograft could also influence the process of calcification [13]. We have tested this 
hypothesis in a comparison between bovine and camel origin. The organisms live a diverse lifestyle with a va-
riance of eating habits, habitats and life expectancy which could involve variety of components present in BP 
and CP, able to influence the calcification process of their respective tissue. The difference in lifestyle between 
the two species is the huge, that a significant difference in the calcification process of pericardium could be ex-
pected. This study used the subcutaneous implantation of specimens. The subcutaneous model has emerged as a 
technically convenient and economically advantageous vehicle for investigating host and implant determinants 
and mechanisms of mineralization, as well as for screening potential strategies for inhibition of calcification [11] 
[13] [14]. The rat subcutaneous implant is a favorable low cost model with easy availability. 

In our experiments, a difference in rate of calcification of the implanted specimens between bovine and camel 
pericardium origin was observed. The calcium measurements using spectroscopy analysis were in conjunction 
with the X-ray analysis and the histological score of calcification of samples: all results demonstrated a higher 
rate of mineralization in camel pericardium specimens. The phospholipid analysis was focused on phospatidyl-
serine fraction and corresponding fatty acids in unimplanted samples, showing higher levels in camel pericar-
dium, with a similar distribution of fatty acids. All differences observed between bovine and camel pericardium 
did not reached the level of significance, probably as a consequence of the limited number of specimens ana-
lyzed. However, even if the results observed were not in the expected direction, this study has confirmed that 
donor species could influence calcification of tissue valve substitutes [13] and correlation between phospholipid 
levels and mineralization [3]. Only Phospatidylserine fraction was analysed because it has been described as the 

0

0.5

1

1.5

2

2.5

3

Lymphocytes Giant cell Collagen Calcification

BP 

CP



F. Al Harmoodi et al. 
 

 
708 

main phospholipid involved in the process of calcification [1] and also to limit the cost of the study. Interesting-
ly, the distributions of fatty acids were similar in implanted and unimplanted samples, and in bovine and camel 
origin, showing that volume of phospholipid is maybe more determinant than specificity in the process of calci-
fication. However, it is well established that additional treatment to remove phospholids from the xenograft tis-
sue or to neutralizes the toxic residual aldhehyde groups have failed to prevent mineralization; the role of resi-
dual matrix immunoreactivity could be predominant. 

Tissue engineering heart valves constructed from a xenogeneic or an allogeneic heart valve scaffold even-
tually covered with autologous endothelial cells are considered to overcome all these obstacles [10] [15]. Sever-
al studies have led to the selection of human allograft, not xenografts, as a basis for decellularization technolo-
gies designed to obtain functioning valve extracellular matrix (ECM) scaffolds for tissue engineering of heart 
valves, a goal which involves a unique combination of biological, engineering, and technological hurdles [12] 
[15]. The tissue engineering heart valve is the prototype multidisciplinary collaborative project that is virtually 
ideal as the archetype for the new era of bioengineered solutions to complex cardiac diseases. 

A limitation of the study is a lack of investigation on mechanical properties like elasticity and strength as well 
as resistance to enzymatic and cellular digestion. Such investigations would have been planned if this study had 
been able to demonstrate a lower mineralization process in camel pericardium and so a possible benefit to de-
velop its use. 

5. Conclusion 
Calcification and deterioration of GA-fixed heart valve substitutes remain a concern. We made the hypothesis 
that camel pericardium could be more protected than bovine pericardium against calcification according to the 
huge difference in their respective lifestyle and lifetime. Our experiment study in a subcutaneous rat model has 
failed to valid this hypothesis. Because the differences observed between bovine and camel pericardium did not 
reach the significance, at the best, there is no difference between both species and at the worst, camel pericar-
dium is more sensitive and prompt to calcification, with a higher rate of the phosphatidylserine fraction of 
phospholipid. These observations led us to interrupt our research in camel tissue substitute and to orient them to 
tissue engineering heart valves which could be more promising according to the lower impact of immunological 
and enzymatic reactions. 
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