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EDITORIAL  

 

 
In the Name of God, the Most Beneficent, the Most Merciful 

 

Dear colleagues and friends, 

 

We are delighted to present to you Volume 19, Number 2 (Summer, 2018) issue of Iranian 

Heart Journal, which contains some interesting new studies and case reports in the domains of 

cardiovascular medicine and surgery from our colleagues across Iran.  

 

Iranian Heart Journal is indexed in the Scientific Information Database (WWW.SID.IR), 

IMEMR, Index Copernicus, Scopus, and CINAHL, thereby facilitating access to published 

literature. There is no doubt, however, that our journal needs your opinions, ideas, and 

constructive criticism in order to accomplish its main objective of disseminating cutting-edge 

medical knowledge. 

 

As ever before, we continue to look forward to receiving your latest research and cases. 

 

Yours truly, 
 
 

 
 

A. Hussein Tabatabaei, MD F. Noohi, MD 

  

Editor-in-Chief, Chairman, 

Iranian Heart Journal Iranian Heart Journal 
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Original Article       
 Comparison of Bleeding Complications Between Primary PCI and Rescue PCI Procedures                                                                                   Farsavian et al 

Comparison of Bleeding Complications Between  

Primary PCI and Rescue PCI Procedures 
 

Ali -Asghar Farsavian
1
, MD; Seifollah Abdi

2
, MD;   

Mohsen Maadani*
2
, MD; Hosein Farsavian

3
, MD; Meisam Mojri

4
, MD 

 
 

 

ABSTRACT 
 

Background: Bleeding during or after primary percutaneous coronary intervention (PCI) is the most 

 common noncardiac complication in patients treated for cardiac ischemic events. The present 

 study aimed to compare bleeding complications between primary and rescue PCI procedures.  
 

Methods: In a prospective study, the recorded files of 95 consecutive patients who underwent one of 

 the 2 procedures of primary PCI (n=90) or rescue PCI (n=5) were evaluated. The consequences 

 of bleeding were assessed through the measurement of serum hemoglobin levels before, 

 immediately after, and 24 hours after the procedures. Within the hospitalization period and 

 before discharge, any occurrence of bleeding was recorded. 
 

Results: Regarding postoperative events, hematoma was revealed in 3.3% in the primary PCI group 

 and 20% in the rescue PCI group, with no significant difference (P=0.224). Additionally, 

 gastrointestinal bleeding was reported in 2.2% of the patients who underwent primary PCI and 

 none of those in the other group, without any difference (P=0.999). In total, postoperative 

 morbidity was seen in 5.6% in the primary PCI group and in 20% in the rescue PCI group, with 

 no difference (P=0.314). The mean of the decreased level of serum hemoglobin in the primary 

 PCI group and the rescue PCI group was 1.22±1.31 and 1.33±0.90, respectively, with no 

 difference (P=0.849). A multivariate linear regression model, after adjustments for the baseline 

 parameters, showed no difference between the 2 procedures regarding the decreased level of 

 serum hemoglobin. Advanced age was the only variable able to predict higher morbidity. 
 

Conclusions: There were no significant differences in postprocedural complications regarding major 

 bleeding between the 2 procedures of rescue PCI and primary PCI. The main predictor for 

 bleeding after PCI was advanced age. (Iranian heart Journal 2018; 19(2): 6- 12) 
 

KEYWORDS:  Primary PCI, Rescue PCI, Bleeding 
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oronary heart disease is still an 

important cause of death around the 

world. 
1, 2

 ST-elevation myocardial 

infarction (STEMI) is a dangerous 

manifestation of this disease and is mostly 

caused by an acute occlusion of a major 

coronary artery usually due to the disruption of 

an atherosclerotic plaque with subsequent 

formation of an occluding thrombus. 
3
 Effective 

and rapid restoration of the blood flow to the 

ischemic myocardial tissue is the most 

important initial goal in the treatment of 

patients with STEMI. Primary percutaneous 

coronary intervention (PCI) is the preferred 

strategy for reperfusion in the treatment of 

STEMI when feasible and when performed in a 

timely manner. 
4, 5

 Primary PCI has been shown 

to be superior to fibrinolytic therapy. 
6-8

 

However, during or after primary PCI, 

unfavorable events such as bleeding may occur, 

which can influence the prognosis negatively. 

Although bleeding during or after primary PCI 

was long considered inherent to the modern 

therapeutic approach, it is currently seen as the 

most common noncardiac complication in 

patients treated for STEMI. Bleeding 

complications are associated with worse clinical 

outcomes and adverse events such as 

myocardial infarction, stroke, stent thrombosis, 

and death. 
9-12

 There are modifiable and non-

modifiable risk factors for bleeding. The 

choice, dose, and combination of antit-

hrombotic and antiplatelet drugs are probably 

the most readily modifiable risk factors. The 

complexity of these medical agents is 

increasing with regard to the number of agents, 

regimens used, potency, mechanism of action, 

and duration of therapy.  

The incidence of major bleeding in patients 

with acute coronary syndrome as reported in 

randomized trials varies between 0.6% and 

more than 15%, depending on the definition, 

clinical presentation, and treatment of the 

bleeding. 
13-16

 Bleeding is an important 

independent predictor of prognosis in patients 

with STEMI following primary PCI. Major 

bleeding is associated with increased 1-yearôs 

mortality. 
17

 Several potential mechanisms may 

underlie the association between bleeding and 

deterioration of prognosis. Bleeding may lead 

to early cessation of dual antiplatelet therapy, 

which might result in ischemia, hemodynamic 

decompensation, stent thrombosis, recurrent 

myocardial infarction, or death. 
18, 19

 Further, 

bleeding with hypovolemia and impaired 

oxygen-carrying capacity might precipitate 

hyperadrenergic state, hypotension, and heart 

failure. Moreover, bleeding leads to a 

prolonged and complex hospital stay and may 

require invasive monitoring. The impact of 

bleeding on the outcome varies with the initial 

severity insofar as a more severe bleeding 

indicates a greater the impact on the outcome. 
20

  

Rescue PCI for STEMI is defined as 

mechanical reperfusion for failed fibrinolysis. 

The efficacy of rescue PCI has always been 

debated. Despite a high level of immediate 

technical success and the positive impact on the 

ventricular function, conflicting data on 

mortality have been reported. 
21

 Several 

historical explanations may be given. Initially, 

rescue PCI was associated with a high re-

occlusion rate and increased mortality if 

unsuccessful. Contrary to fibrinolysis, the rare 

randomized trials on rescue PCI are 

characterized by small study populations and 

major differences in methodology 
22

. Also, 

there are a few studies that compared 

complications and outcome of the two 

procedures including primary PCI and rescue 

PCI especially in terms of intraoperative or 

postoperative bleeding. The present study 

aimed to compare the bleeding complications 

between primary PCI and rescue PCI in the 

patients with coronary artery disease and 

candidate for PCI.  
 

METHODS 
 

In the current prospective study, the recorded 

files of all consecutive patients with STEMI 

who were referred to Rajaie Cardiovascular, 

Medical, and Research Center within 1 year to 

C 
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undergo one of the 2 procedures of primary PCI 

or rescue PCI were evaluated. In this regard, 

those with left main involvement, candidacy for 

open heart surgery, different types of 

coagulopathies, or a previous history of 

hemorrhagic disorders were not assessed. The 

patientsô baseline characteristics and clinical 

dataðincluding demographic characteristics, 

risk factors for coronary artery disease, oral 

medication, severity of coronary artery 

involvement assessed by coronary angiography, 

and a previous history of any cardiac 

interventionsðwere collected by reviewing the 

recorded files. The consequences of bleeding 

were assessed through the measurement of 

serum hemoglobin levels before, immediately 

after, and 24 hours after the procedures. In 

addition, history of using antiplatelet and 

anticoagulant drugs was also recorded. Within 

the hospitalization period and before discharge, 

any occurrence of bleeding such as cerebral 

hemorrhagic and gastrointestinal bleeding as 

well as bleeding from the saphenous vein 

source was recorded and its severity was 

determined. Any early mortality or 

complication was recorded, and the length of 

hospital stay was assessed.  

The results were presented as means ± standard 

deviations (SDs) for the quantitative variables 

and were summarized by absolute frequencies 

and percentages for the categorical variables. 

The continuous variables were compared using 

the t-test or the nonparametric MannïWhitney 

U test whenever the data did not appear to have 

normal distributions or when the assumption of 

equal variances was violated across the groups. 

The categorical variables were, on the other 

hand, compared using the ɢ
2
 or Fisher exact test 

when more than 20% of cells with expected 

counts of fewer than 5 were observed. The 

Pearson correlation test was applied to examine 

the association between the study measures. 

The main predictors for the occurrence of 

bleeding were assessed by multivariable 

logistic regression modeling. For the statistical 

analyses, the statistical software SPSS version 

20.0 for Windows (SPSS Inc, Chicago, IL) was 

used. A P value of 0.05 or less was considered 

statistically significant. 
 

RESULTS 
 

In the present study, 95 patients were 

categorized into 2 groups of Primary PCI 

(n=90) and Rescue PCI (n=5). The mean age of 

the patients was 58.18±12.65 years in the 

primary PCI group and 57.60±8.35 years in the 

rescue PCI group, and 88.9% and 80% of the 

patients in the 2 groups were male, respectively.  

As is shown in Table 1, there were no 

significant differences in terms of the 

demographic characteristics, previous history of 

cardiovascular disorders or cardiac 

interventions, risk factors for coronary disease, 

number of diseased coronary arteries, 

biochemical laboratory parameters, and left 

ventricular ejection fraction between the 2 

groups. All the subjects in both groups used 

aspirin and also Plavix within the study period. 

However, receiving IIb/IIIa inhibitors was seen 

in 40% of the cases in the primary PCI group 

and use of streptokinase was reported in 4 out 

of 5 patients in the rescue PCI group. 

Regarding the postoperative events, hematoma 

was revealed in 3.3% in the primary PCI group 

and 20% in the rescue PCI group, without 

significant differences (P=0.224). Further, 

gastrointestinal bleeding was reported in 2.2% 

of the patients who underwent primary PCI and 

none of the patients in the other group, with the 

difference not constituting statistical 

significance (P=0.999). In total, postoperative 

morbidity (defined as the presence of at least 

one of the hematoma or gastrointestinal 

bleeding) was seen in 5.6% in the primary PCI 

group and in 20% in the rescue PCI group; 

there was no statistically significant difference 

between the 2 groups (P=0.314). The mean of 

the decreased level of serum hemoglobin in the 

primary PCI group and rescue PCI group was 

1.22±1.31 and 1.33±0.90, respectively, with no 

statistically significant difference (P=0.849). 
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Considering 3 subgroups of decreased levels of 

hemoglobin (ie,  Ó2.0 mg/dL, 0.1 to 1.9 mg/dL, 

and without decrease) showed that the 

frequency of the patients in the 3 categories was 

13.3%, 38.9%, and 47.8% in the primary PCI 

group and 20%, 40%, and 40% in the rescue 

PCI group (P=0.898).      

 
 
 

Table 1. Baseline characteristics and clinical data 

Characteristic Primary PCI   (n=90) Rescue PCI   (n=5) P value 

Male gender 80 (88.9) 4 (80.0) 0.467 

Age, y 58.18 ± 12.65 57.60 ± 8.35 0.890 

Previous PCI 12 (13.3) 0  

Previous CABG 3 (3.3) 0  

Previous CSA 8 (8.9) 1 (20.0)  

Previous UA 1 (1.1) 0  

History of HTN 35 (38.9) 1 (20.0) 0.647 

History of DM 27 (30.0) 1 (20.0) 0.999 

History of HLP 29 (32.2) 1 (20.0) 0.999 

Family history of CAD 15 (16.7) 0 0.999 

Number of involved vessels   

0.158 
 One 44 (48.9) 2 (40.0) 

 Two 22 (24.4) 3 (60.0) 

 Three 24 (26.7) 0 

Use of IIb/IIIa inhibitor 36 (40.0) 0 0.153 

Use of streptokinase  0 4 (80.0) < 0.001 

Serum level of FBS 136.98 ± 58.91 119.60 ± 31.41  

Serum level of LDL 112.10 ± 37.53 91.00 ± 47.76 0.445 

Serum level of HDL 46.00 ± 17.05 39.00 ± 4.83 0.053 

Serum level of TG 144.59 ± 56.13 119.25 ± 65.12 0.497 

LVEF, % 38.18 ± 9.53 36.00 ± 14.32 0.753 

PCI, Percutaneous coronary intervention; CABG, Coronary artery bypass grafting;  
HTN, Hypertension; DM, Diabetes mellitus; HLP, Hyperlipoproteinemia; CAD, Coronary artery disease;  
FBS, Fasting blood sugar; LDL, Low-density lipoprotein; HDL, High-density lipoprotein; TG, Triglyceride;  
LVEF, Left ventricular ejection fraction 

 

 

The multivariable logistic regression model 

illustrated a slight higher prevalence rate of 

morbidity following rescue PCI compared with 

primary PCI (Table 2). Moreover, using a 

multivariate linear regression model showed no 

difference between the 2 procedures regarding 

the decreased level of serum hemoglobin when 

adjusted for the baseline parameters (Table 3). 

Advanced age was the only variable capable of 

predicting higher morbidity in the patients 

undergoing PCI. 

 
 

Table 2. Multivariate logistic regression model 

Item  P value Odds Ratio 95% CI 

Primary PCI 0.049 0.033 0.001 ï 0.979 

Age 0.058 0.905 0.817 ï 1.003 

Previous PCI 0.202 5.764 0.390 ï 85.127 

History of HTN 0.311 3.519 0.309 ï 40.081 

History of DM 0.664 1.685 0.160 ï 17.717 

History of HLP 0.377 0.276 0.016 ï 4.780 

Family history of CAD 0.471 2.897 0.161 ï 52.175 

Number of involved vessels 0.551 0.970 0.878 ï 1.072 

LVEF 0.246 0.452 0.118 ï 1.728 

PCI, Percutaneous coronary intervention; HTN, Hypertension; DM, Diabetes mellitus;  
HLP, Hyperlipoproteinemia; CAD, Coronary artery disease; LVEF, Left ventricular ejection fraction 
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Table 3. Multivariate linear regression model 

Item  Beta  P value 

Primary PCI 0.007 0.971 

Male gender  -0.029 0.867 

Age 0.086 0.581 

Previous PCI 0.110 0.512 

History of HTN -0.254 0.153 

History of DM -0.017 0.923 

History of HLP -0.099 0.575 

Family history of CAD 0.001 0.997 

Number of involved vessels -0.271 0.080 

LVEF 0.113 0.484 

PCI, Percutaneous coronary intervention; HTN, Hypertension;  
DM, Diabetes mellitus; HLP, Hyperlipoproteinemia;  
CAD, Coronary artery disease; LVEF, Left ventricular ejection fraction 

 

DISCUSSION 

 

The present study aimed to assess and compare 

the outcome of the 2 procedures of primary PCI 

and rescue PCI, especially regarding 

hemorrhagic events. Because the bleeding 

complication is common following PCI 

procedures, we considered 2 indices of 

hematoma and gastrointestinal bleeding as the 

main study point. We first showed that only 5% 

of the patients underwent rescue PCI. In fact, 

because this procedure is routinely considered 

for patients with failed fibrinolysis, the 

presence of failed fibrinolysis was indicated to 

be low in our study population and thus most 

patients were candidated for primary PCI. We 

also showed no difference in the occurrence of 

hematoma and gastrointestinal bleeding 

between the 2 procedures. However, our 

multivariable regression model illustrated a 

slightly higher rate of morbidity in rescue PCI 

than in primary PCI, which is not a high-power 

finding because of the small sample size of the 

study population. Furthermore, a decreased 

level of hemoglobin was a rare event following 

both procedures, without a statistically 

significant difference between the 2 study 

groups. In fact, rescue PCI is as safe as primary 

PCI to provide arterial blood supply to ischemic 

tissues.  

Comparisons of our results with those of other 

studies show conflicting results. In a study by 

Ellis et al, 
26

 it was observed that the incidence 

of major bleeding was 8% in the patients 

undergoing rescue PCI and 6% in those 

undergoing primary PCI (P=0.35). The authors 

reported no significant differences in bleeding  

associated with the use of the GP IIb/IIIa 

receptor antagonist, procedural success, or 

major adverse cardiac events. 
26

 Di Mario et al 
27

 reported major bleeding in 10 patients in their 

primary PCI group and 7 in their standard 

care/rescue group (3.4% vs 2.3%; P=0.47). In 

another study, the rates of death/myocardial 

infarction and bleeding complications were 

significantly higher in the thrombolysis 

with rescue PCI group than in the primary PCI 

group (10.0% vs 1.0%; P=0.0380 and 28.10% 

vs 8.91%; P=0.0001, respectively). 
28

 With 

respect to the prediction of major complications 

after PCI, we managed to show only the 

predicting value of advanced age for morbidity 

following the procedure.  Kinnaird et al 
29

 

demonstrated that the patients with 

major bleeding were older than those who had 

minor or no bleeding and more often 

experienced intraprocedural complications such 

as emergency use of intra-aortic balloon pumps. 

The authors also reported that the multivariate 

logistic regression analysis also identified the 

use of intra-aortic balloon pumps, procedural 

hypotension, and age over 80 years as the 

strongest predictors of major bleeding. In this 

regard, we only considered some postoperative 

variables as the predictors of the outcome, 

whereas more intraoperative and postoperative 

indices should be taken into consideration as 

the main indicators for post-PCI morbidity.  

In conclusion, there were no significant 

differences in post-procedural complications 
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regarding major bleeding between the 2 

procedures of rescue PCI and primary PCI. The 

main predictor for bleeding after PCI was 

advanced age among our study population.  
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ABSTRACT 

 
Background: Management and evaluation of pain in children can be challenging due to difficulties in 

 expression and verbalization. The imperative role of nurses in the assessment and management 

 of pain should be considered. The aim of this study was to evaluate the role of the education of 

 ICU nurses in pain assessment and measurement in order to reduce postoperative pain in 

 children. 

 

Methods: In this clinical trial, 146 children aged 3 to 15 years who underwent cardiac surgery were 

 allocated to 2 groups. The control group (n=73) was managed routinely in that analgesics were 

 administered as needed at the discretion of each anesthesiologist. In the trained nurses group 

 (n=73), the ICU nurses received an education program including a pain assessment and 

 treatment protocol. In both groups, pain scores were evaluated and recorded according to the 

 WongïBaker FACES Pain Rating Scale on the first and second postoperative day. Analgesics 

 were administered to alleviate moderate and severe pain, and the nurse was asked to record all 

 pain scores and analgesic drug doses.  

 

Results: Pain scores on the second day decreased in both groups (P<0.001); however, this decreasing 

 trend was steeper in the patients with trained nurses. Analgesic use was higher in the trained 

 nurses group than in the control group (P=0.0001). The postoperative use of sedative drugs in 

 the trained nurses group was less than that in the control group on the first postsurgical day but 

 not on the second day (P=0.120). 

 

Conclusions: Implementation of our pain management protocol by ICU nurses led to an increase in 

 analgesic use and a decrease in sedative drug administration and better pain control in pediatric 

 patients undergoing cardiac surgery. (Iranian heart Journal 2018; 19(2): 13-19) 
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ain is an important and devastating 

postoperative complication and an 

unpleasant experience which many 

children encounter, mostly in cardiac surgeries. 
1
 Therefore, pain management in these patients 

isðalbeit challengingða major priority. 
2-4

 

Pain can affect the healing process, increase the 

metabolic rate, and result in chronic pain. 

Postoperative pain management can reduce the 

length of hospital stay and improve quality of 

life, healing process, respiratory function, and 

oral intake. 
3-6

 Furthermore, physiological and 

psychological distress has been reported in 

pediatrics confronting pain. 
1
 

Pain assessment and management in children 

could be challenging owing to their difficulties 

in expressing and verbalizing their exact point 

of pain and severity. Moreover, pain is often 

not treated adequately and that is why different 

scales for pain assessment have been suggested. 
2,3,7

 The imperative role of nurses in the 

assessment and management of pain should be 

considered. 
3
 To manage postoperative pain, 

nurses in the intensive care unit (ICU) should 

be aware of the importance of pain and seek to 

control it. Due to misunderstandings regarding 

pain scores, various methods and protocols 

have been proposed to date to improve nursesô 

skills. 
8
 

Both pharmacological and non-pharmacological 

methods to treat postoperative pain have been 

proposed. Pharmacological agents include 

opioid and non-opioid drugs, which should be 

administered properly on the basis of pain 

scores. Non-pharmacological approaches 

include a comforting environment and parental 

reassurance and presence. 
3, 9

 Thereby, 

refinement of pain scores is of vital importance. 

Children are often under-medicated for the fear 

of respiratory depression. 
10

 

Despite various available methods, studies have 

shown that pain management to achieve 

optimal levels can be challenging and often not 

well understood. Pain after cardiac anesthesia 

has many side effects; therefore, a thorough 

understanding and management is crucial. The 

aim of the present study was to evaluate the 

effects of education of ICU nurses to use a 

standard protocol for pain assessment and 

measurement in children in order to reduce 

postoperative pain. 

 

METHODS 

 

In this clinical trial, 146 pediatric patients 

candidated for cardiac surgery were allocated to 

2 groups. Patients were included if they were 

aged between 3 and 15 years, were extubated 

within 24 hours after surgery, and had parental 

consent for enrolment. Patients with underlying 

diseases such as those admitted to the operating 

room while intubated, those who were critically 

ill with their sternum left open, and those with 

already prescribed pain relief medications were 

also excluded from the study. With the approval 

of the medical ethics committee of the 

university, written informed consent was 

obtained from the patientsô parents.  

The control group (n=73) was managed 

routinely in that analgesics were administered 

as needed at the discretion of each 

anesthesiologist. In both groups, pain scores 

were evaluated and recorded according to the 

Wong-Baker FACES
®
 Pain Rating Scale on the 

first and second postoperative days. Re-

evaluation of pain was performed 30 minutes 

afterward if analgesic drugs were administered 

to alleviate pain and the nurse was asked to 

record whether they had any injections. 

Additional administration of drugs was 

supervised by the physician. After a week, 

another 73 pediatric patients were entered into 

the study (trained nurses group). The evaluation 

of pain was as aforementioned; however, the 

nurses were provided with specific information 

and protocol for pain management. If the 

patientôs pain score was 4 and above, the nurse 

would inform the physician. Again after 30 

minutes, re-evaluation was recorded. According 

to the score pain, the child was treated with 

certain pain relief medication and doses. The 

scale was described as follows: no pain (0), 

P 
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mild pain (1ï3), moderate pain (4ï6), and 

severe pain (7ï10). The first-level pain relief 

was managed with non-opioid drugs 

(paracetamol 15 mg/kg). Moderate-to-severe 

pain was relieved with morphine sulfate (0.1ï

0.2 mg/kg every 4 hours) or fentanyl (1ï2 

µg/kg every 30ï60 min). 

Statistical analysis was performed with 

Statistical Package for Social Sciences (SPSS) 

for Windows, version 16.0 (SPSS Inc, Chicago, 

IL, USA). The Independent Samples t Test was 

used to compare the mean values between the 

groups. The MannïWhitney U test and the ɢ
2
 

test were employed to compare differences in 

the non-parametric data and nominal data, 

respectively. A P value equal to or smaller than 

0.05 was considered statistically significant 

(Fig. 1). 

 

 
Figure 1.  WongïBaker FACES Pain Rating Scale 

 

 

RESULTS 

 

The demographic parameters and surgical data 

are presented in Table 1. Although significant 

differences were seen in terms of age and 

weight between the 2 groups, there were no 

meaningful differences regarding the other 

demographic data. Of the total of 146 patients, 

78 were male, whereas 68 were women. 

Thoracotomy was less frequent than sternotomy 

in both groups, and the difference in surgical 

incision was not statistically significant 

between the 2 groups (P=0.087). The patients 

in the trained nurses group had a slightly longer 

intubation time than the control group 

(P=0.009); however, our assessment and 

evaluation of pain was started after the 

extubation of the children. 

In the control group, the pain score ranged 

between 4 and 5 on the first postoperative day 

and decreased to about 2 to 3 late in the day. In 

contrast, in the trained nurses group, the pain 

score was lower (about 2ï3) earlier on the first 

day. Overall, the pain scores on the second day 

decreased in both groups; still, this trend was 

statistically significant in the patients with 

trained nurses (P<0.001) (Table 2). 

Opioid (mostly morphine) usage was higher in 

the trained nurses group than in the control 

group on both first and second postoperative 

days (Table 3). While the use of 

sedative/hypnotic drugs (mostly midazolam) 

after surgery in the trained nurses group was 

less than that in the control group on the first 

and second postoperative days, there was no 

difference between the 2 groups on the second 

day (Table 4). 
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Table 1. Demographic values and surgical data in the study groups 

  Trained Nurses 
Group (n=73) 

Control Group 
(n=73) 

P value 

Age, y 5.47±2.94 6.62±3.73 Ò0.001 

Weight, kg 19.02±11 21.96±11.79 Ò0.001 

Sex:               
 male (%) 
 female (%) 

 
46.6 
53.4 

 
60.3 
39.7 

0.091 

Diagnosis:    
 cyanotic (%) 
 non-cyanotic (%) 

 
41.1 
58.9 

 
41.1 
58.9 

0.263 

Surgical approach: 
 open (%) 
 close (%) 

 
84.9 
15.1 

 
83.6 
16.4 

0.824 

Surgical incision:  
 sternotomy (%) 
 thoracotomy (%) 

 
89.5 
10.5 

 
94.5 
5.5 

0.087 

Intubation time, h 10.47±5.77 8.32±3.86 0.009 

 
 

 
Table 2. WongïBaker FACES Pain Rating Scale in both groups 

  Trained Nurses 
Group (n=73) 

Control Group 
(n=73) 

P value 

Postop. day 1 2.36±0.48 4.99±.1.99 0.0001 

Reevaluation after 30 min 2.33±0.47 3.40±1.44 0.0001 

Postop. day 2 2.37±0.75 4.12±1.84 0.0001 

Reevaluation after 30 min 2.30±0.46 3.18±1.27 0.0001 

   *All the data are expressed as means ± SDs. 
 
 

 
Table 3. Analgesic drugs used for pain management in both study groups 

 First Postop. Day Second Postop. Day 

 Trained Nurses 
Group 

Control Group 
(n=73) 

Trained Nurses 
Group 

Control 
Group 

Paracetamol 5 (6.8%) 15 (20.5%) 7(9.6%) 16(21.9%) 

Morphine 26(35.6%) 0 28(38.4%) 0 

Morphine+Paracetamol 8(11.0%) 0 0 1(1.4%) 

Fentanyl 0 0 0 1(1.4%) 

No analgesic use 34(46.6%) 58 (79.5%) 38(52.0%) 55(75.3%) 

Total 73 (100%) 73 (100%) 73 (100%) 73 (100%) 

P value 0.001 0.001 

 
 

 
Table 4. Sedative drugs used in both study groups 

 First Postop. Day Second Postop. Day 

 Trained Nurses 
Group 

Control 
Group 

Trained Nurses 
Group 

Control 
Group 

Midazolam 0 21(28.8%) 0 3 (4.1%) 

Phenobarbital 0 0 0 1(1.4%) 

No analgesic use 73(100%) 52(71.2%) 73 (100%) 69(94.5%) 

Total 73 (100%) 73 (100%) 73 (100%) 73 (100%) 

P value 0.001 0.120 

 
 

DISCUSSION 
 

The results of the current study showed that 

education in ICU nurses about pain assessment 

and management was able to reduce the pain 

score on the second day effectively. Pain 

management protocols confer acceptable 

insight to ICU staff and alleviate postoperative 

pain severity in children undergoing heart 

surgery. The implementation of the protocol 

increases use of opioids and decreases sedative 

drug administration. Nowadays, children still 

encounter pain throughout their ICU stay, and 

their parents complain about their miserable 

experience. Uncontrolled pain is still of a high 

level. 
1,11,12
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Pain is a unique experience which has different 

expressions in individuals. It is a serious 

complication in the postoperative period with a 

high prevalence; management of this serious 

condition may be challengingðespecially in 

children who cannot exactly describe their pain 

or other serious pathophysiologies. Measuring 

the severity of pain in children is problematic in 

that they are unable to exactly certify the 

location and severity of pain. 
12,13

 

Physiological and psychological improvement 

by pain management has been reported in 

previous studies. Pain control and management 

via routine protocols is expedient for patients. 
12,14

 Although subjective complaints of pain are 

the most important tool for the measurement of 

the severity of pain, children are not able to 

describe their pain efficiently. 
15,16

 Therefore, 

the use of various scales such as the Wongï

Baker FACES
®
 Pain Rating Scale can be of 

major benefit. Notably, efficient pain 

management in the first few days after surgery 

may increasingly lower postoperative chronic 

pain. 
11,17

 Previous studies have indicated that 

severe pain on the third postoperative day could 

be estimated as a predictor for chronic pain.
 17,18

 

Previous studies have stated a higher incidence 

of chronic pain in younger ages. 
13

 Pain could 

impede the process of healing, and untreated 

pain may lead to chronic pain and affect other 

body organs. 
5,6

 Increased catecholamine 

release and stress hormones could influence the 

patientôs hemodynamics. 

In the present study, we demonstrated the 

benefits of using pain scales such as the Wongï

Baker FACES® Pain Rating Scale and training 

ICU nurses for pain detection insofar as there 

was a reduction in pain and a decrease in 

opioid-based analgesic consumption on the first 

postoperative day among the study population. 

Given the frequent contact between nurses and 

patients, the role of the former in pain reduction 

and management is of great significance. 

Efforts have been previously made to 

understand, measure, and record childrenôs pain 

levels with a view to controlling their pain fully  

and various guidelines and protocols have been 

proposed.
 13,15

 The use of subjective tools and 

description of pain as mild, moderate, and 

severe can help nurses measure and thereafter 

alleviate childrenôs pain following surgery. 

Recent studies have emphasized on certain pain 

measurement tools, especially in specific 

groups like pediatrics. To that end, education of 

nurses in the ICU has been a major goal. 

Needless to say, proper pain management 

strategies can substantially decrease complaints 

of pain. 
1
 

 

CONCLUSIONS 

 

The results of the current study suggest the 

imperative role of proper pain management 

education in ICU nurses in tandem with 

meticulous drug selection. The nurses in our 

study found the scale an easy tool for the 

description and assessment of pain. The 

development and clinical implementation of 

pain management protocols alongside 

conventional pharmacotherapy is of outmost 

importance in establishing standards and 

validating guidelines to offer solutions and 

render effective treatments.  

 

Limitations  

Our research has some limitations. Firstly, the 

allocation of patients to each group was not 

randomized. Indeed, we studied the control 

group in the first step and 1 week later set up 

the training course and then studied the second 

group. Accordingly, this study is a ñquasi-

experimentalò and ñnon-randomizedò trial. 

Secondly, we did not evaluate the pain score at 

different hours of the day. It is also deserving of 

note that the children in the trained nurses 

group were about 1 year younger than their 

counterparts in the control group (statistically 

significant difference); however, it seems that 

this different exerted no meaningful impact on 

pain assessment and treatment in our study. 

Thirdly, we did not follow up the patients with 

respect to chronic postoperative pain. 
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ABSTRACT 
 

 

Background: Occupational stress is the leading cause of many disorders in employees. Drivers are a 

 high-risk group for work-related stress. The purpose of this study was to determine the 

 association between cardiovascular risk factors and occupational stress among locomotive 

 operators. 
 

Methods: This cross-sectional study recruited 350 locomotive operators. The Osipow questionnaire 

 was used to measure stress. After 10 hours of fasting, systolic and diastolic blood pressures 

 were recorded. Intravenous blood samples were also taken. Two groups of job stress were 

 included as ñtrivial and trivial-to-average stressò and ñaverage-to-acute and acute stressò. The 

 MannïWhitney U test was utilized to compare the risk factors of cardiovascular disease 

 between the 2 groups. The association between education level and job experience was assessed 

 using the ɢ
2
 test. 

 

Results: Of the 350 participants, 250 (71.43%) individuals reported average-to-acute stress, 30 (8.57%) 

 reported acute stress, and 70 (20%) reported average stress. There was a significant relationship 

 between education level and job experience (P=0.000). There were no significant differences 

 between the 2 groups in the smoking rate (P=0.92), triglyceride level (P=0.55), and diastolic 

 blood pressure (P=0.21), while the trivial and trivial-to-average stress group had significantly 

 higher blood glucose levels (P=0.024) and systolic blood pressures (P=0.000) than the other 

 group. Finally, the blood cholesterol level in the average-to-acute and acute stress group was 

 significantly higher than that of the other group (P=0.000). 
 

Conclusions: High rates of occupational stress were reported in the studied locomotive operators. 

 Stress may have effects on blood glucose, triglyceride, and cholesterol levels in this job group. 
 (Iranian heart Journal 2018; 19(2): 20-26) 
 

KEYWORDS: Risk factors, Cardiovascular disease, Occupational stress, Osipow,  

Locomotive operators, Cardiovascular risk factors 
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ardiovascular disease is the main cause 

of mortality in developed countries 

inasmuch as it is responsible for more 

than 50% of all mortalities. 
1
 In spite of a 

decline in the fatality from heart disease in 

recent years, the frequency of chronic heart 

disease is still high in modern societies. 
2
 

Therefore, cardiovascular disease remains a 

critical public health problem for countries and 

their health-care organizations. 
3
 The 

occurrence of cardiovascular disease is greatly 

determined by its risk factors. 
4
 The increased 

mortality rate is frequently attributed to the 

associative risk factors of cardiovascular 

disease such as tobacco consumption, lack of 

physical activity, hypertension, overweight, 

hyperinsulinemia, and hypercholesterolemia. 
5
 

Occupational stress is physical and 

psychological strain which happens when there 

is an inconsistency between the objective or 

cognitive demands for the job and the 

individualôs compatibility. 
6
 It has been 

described as the feeling of pessimistic 

emotional states such as disappointment, 

reduced work undertaking, occupational 

discontent, poor motivation, anxiety, 

depression, and unhappiness attributed to job-

related factors. 
7
 

Occupational stress is associated with various 

types of chronic health problems such as 

hypertension and cardiovascular disease. 
8
 

Previous studies have demonstrated the role of 

stress in the development of cardiovascular 

disease, 
9
 with certain relationships between 

occupational stress and hypertension and heart 

disease. 
8,10
 In addition, according to the recent 

review studies, a relationship exists between 

psychosocial stress and cardiovascular 

disease.
11

 

According to the literature, 30% of workers 

suffer from work-related stress in the developed 

countries and the rate of workers with stress in 

the underdeveloped countries is worse than that 

in the developed societies. 
11,12

 Higher 

incidence rates of cardiovascular disease were 

found between shift workers and bus and taxi 

drivers. 
13

 A previous study showed that the 

level of occupational stress was high among 

public transport drivers, who were exposed to 

various stressors due to the nature and type of 

their job. 
14

 The relationships between stress 

and cardiovascular risk factors such as diabetes, 

body mass index, hypertension, hyperlipidemia, 

smoking, and triglyceride level have been 

previously investigated and these studies have 

reported conflicting results. 
15,16

  

Based on the above information about the high 

prevalence of heart disease and stress as a risk 

factor for cardiovascular disease, we sought to 

determine the relationship between 

occupational stress and the rate of 

cardiovascular disease in locomotive drivers.  

 

METHOD S 

Participants 

This study was conducted as a cross-sectional 

descriptive-analytical research in 2015. The 

sampling method was cluster sampling, with 

each cluster being a province in Iran. From each 

cluster, 29 subjects were sampled and also from 

Tehran Province 31 subjects were participated. 

The study group was comprised of 350 

locomotive operators in 12 provinces of Iranð

namely Azerbaijan, Fars, Lorestan, Khorasan, 

Mazandaran, Markazi, Semnan, Tehran, 

Khuzestan, Yazd, Isfahan, Hormozgan, and 

Zanjan. In this study, based on 95% confidence 

interval, 8% error level, and 80% study power, 

a total of 325 samples were estimated for the 

sample size. Finally, given a churn rate of 10%, 

350 samples were collected. The following 

formula was used to estimate the sample size 

based on the aforementioned information: 
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The ñPò in this formula is the prevalence of 

stress in locomotive operators. According to the 

literature, no published study has reported the 

prevalence of job stress in locomotive operators 

in Iran; therefore, to determine the sample size 

for the present study, we considered a 

prevalence rate of 50% for stress. 

 

Measurements 

A questionnaire was used for gathering 

demographic and job stress information. The 

questionnaires were filled through interviewing 

the respondents. For measuring job stress, the 

Osipow questionnaire (reviewed in 1998) was 

used. 
17 

The questionnaire consists of 60 

questions grouped in 6 subscales, with 10 

questions in each subscale. The answers were 

ranked based on a 5-point Likert scale (1 to 5). 

The total score of all the questions was 

calculated and interpreted according to the 

manual of the questionnaire. The scores ranging 

between 60 and 119 were referred to as mild 

stress, between 120 and 179 as average stress, 

between 180 and 239 as average-to-acute stress, 

and between 240 and 300 as acute stress. Based 

on the scores of the Osipow questionnaire, the 

subjects were divided into 2 groups: the mild 

and mild-to-average stress group and the 

average-to-acute and acute stress group. The 

validity and reliability of the questionnaire has 

been confirmed in previous studies. 
18

 A 

questionnaire was used to gather job experience 

and level of education. 

All subjects with at least 3 years of job 

experience were included, and individuals with 

any history of diabetes or heart disease and 

those using medications for hypertension, 

hyperlipidemia, blood pressure, and cholesterol 

were excluded from the study. 

All  the participants were given a written 

information sheet about the study and were 

asked to refer to a health-service center after 10 

hours of fasting for blood lipid and glucose 

measurement as well as systolic and diastolic 

blood pressure test. (The tests were confirmed 

by an attending physician.) The test was carried 

out in the sitting position using a standard 

mercury manometer after a short resting time. 

The result was the average of 2 consecutive 

tests. Additionally, an intravenous blood 

sample was taken to check cholesterol, 

triglyceride, and blood glucose level 

concentrations using an automatic analyzer.  

 

Statistical Analysis 

In this study, the results are reported in 2 parts. 

In the first part, descriptive statistics were used 

to describe the frequencies and percentages for 

the prevalence of occupational stress in the 

locomotive operators and in the next part, 

inferential statistics were conducted, after 

performing the ShapiroïWilk test to assess the 

normality of the variables. In addition, the ɢ
2 

test was applied to evaluate the association 

between the level of education and job 

experience in the 2 groups affected by stress. 

Further, comparisons were made in terms of the 

smoking rate; glucose, triglyceride, and 

cholesterol level; and diastolic and systolic 

blood pressures between the 2 groups using the 

MannïWhitney U test. The data were analyzed 

using SPSS, version 16.0 (SPSS Inc, Chicago, 

IL, USA).  

 

RESULTS 

 

In the present study, 350 locomotive operators 

participated. The age range of the study 

population was between 24 and 59 years, with 

the mean age of 36.7±8.13 years, and all the 

subjects were male. The average working hours 

of the locomotive operators were 13.62±3.64 

hours, and 59 (16.86%) of the study samples 

reported to be smokers. The level of cholesterol 

was higher than 200 mg/dL in 39 (11.14%) 

participants, triglyceride level was above 240 

mg/dL in 21 (6%), systolic blood pressure was 

higher than 140 mm Hg in 11 (3.14%), and 

diastolic blood pressure was higher than 90 mm 

Hg in 17 (4.86%). 

The results of the Osipow questionnaire showed 

average stress in 70 (20%) participants, 
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average-to-acute stress in 250 (71.43%), and 

acute stress in 30 (8.57%). Therefore, 70 (20%) 

participants were placed in the mild and mild-

to-average stress group and 280 (80%) in the 

average-to-acute and acute stress group. The 

ShapiroïWilk test to assess the normality of the 

variables showed that the distribution for all the 

variablesðnamely blood glucose, triglyceride, 

and cholesterol levels and diastolic and systolic 

blood pressuresðwas not normal (P=0.000). 

The frequencies of education level and job 

experience in both groups are demonstrated in 

Table 1. The results of the ɢ
2
 analysis 

confirmed that there was a significant 

association between the level of education and 

job stress in both groups. Additionally, job 

experience and job stress had significant 

associations in both groups (P=0.000). 

According to this result, the association 

between the age level and job stress in the 2 

groups was significant (Table 1).  

There was no significant difference between the 

2 groups in terms of smoking per day. On the 

other hand, the mean difference in blood 

glucose levels between the 2 groups was 

determined and it was significantly higher in 

the trivial and trivial-to-average stress group 

than in the average-to-acute and acute stress 

group (P=0.024). No significant difference was 

found between the 2 groups apropos the level of 

blood triglycerides (P=0.55). The level of blood 

cholesterol in the mild and mild-to-average 

stress group was significantly higher than that 

in the other group (P=0.000). For diastolic 

blood pressure, there was no considerable 

difference between the 2 groups (P=0.21). The 

mean difference in systolic blood pressure 

between the 2 group was reported to be 

significant insofar as the systolic blood pressure 

average in the subjects with trivial and trivial-

to-average stress was higher than that in the 

subjects with average-to-acute and acute stress 

(P=0.000).  
 
 
 

Table 1. Association between the level of education and job experience in both groups affected by stress 

Parameter 
First Group

* 
n=70 

(20%) 
Second Group 

** 

n=280 (80%) 
P value 

Level of education    

 High school 23 (32.86) 28(10.0) 

0.000  Diploma 28(40.0) 197(70.36) 

 Associate degree 19(27.14) 55(19.64) 

Job experience (y)    

 1-10 24 (34.28) 173(61.78) 

0.000  11-20 19(27.14) 51(18.22) 

 >20 27(38.57) 56(20.0) 

Age (y)  

 20-30 16 (22.86) 122 (43.57) 

0.006 
 30-40 27 (38.57) 97 (34.64) 

 40-50 22 (31.43) 47 (16.78) 

 >50 5 (7.14) 14 (5.00) 

             *Trivial and trivial-to-average stress **Average-to-acute and acute stress 
 
 
 

Table 2. Comparisons of the cardiovascular risk factors between the 2 groups affected by job stress 

Risk Factor First Group (n=70)  
Second Group 

(n=280)  
P value

*** 

Smoking rate (per day) 3.11±11.2 3.25±8.9 0.92 

Blood glucose level 97.2± 42.7 85.3±12.3 0.024 

Blood triglycerides level 179.2±103.3 171.4±78.3  0.55 

Blood cholesterol level 145.3±32.7 194.3±17.6 0.000 

Diastolic blood pressure 76.2±21.8 79.6±11.7 0.21 

Systolic blood pressure 132.2±13.2 113.3±13.1 0.000 

*Trivial and trivial-to-average stress **Average-to-acute and acute stress   *** From the MannïWhitney U test 
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DISCUSSION 
 

The present study was conducted to determine 

work-related stress and its association with the 

risk factors of cardiovascular disease. A 

relatively high rate of job stress was observed 

in this study insofar as average and acute stress 

was observed in 80% of the participants.  

The correlation between smoking and stress 

was positive but not significant. Kouvonen et al 
15

 (2005) reported a nonsignificant relationship 

in this regard. Pelfrene et al 
19

 (2002) 

demonstrated no significant relationship 

between the risk factors of cardiovascular 

disease and job stress. The results of the present 

study are consistent with the findings of the 

previous studies in this regard. At any rate, 

considering the cross-sectional nature of the 

current study and the negative correlation 

between job stress and the risk factors of 

cardiovascular disease in the long term, further 

studies are needed to determine the probable 

correlation between stress and the risk factors 

of cardiovascular disease.  

We found a significant and strong correlation 

between job stress and blood glucose. 

Golmohammadi et al 
20

 (2006) conducted a 

study on diabetic patients and found a 

significant relationship between job stress and 

diabetes. However, their results are not 

perfectly comparable with the findings of the 

present study due to the use of different tools in 

the studies. Belkic et al 
21

 (2004) reported a 

significant correlation between the risk factors 

of cardiovascular disease, whereas the results 

reported by Demiral et al 
22

 (2006) did not 

confirm those findings. The results of the 

current study are consistent with the findings of 

the study carried out by Belkic et al 
21

 (2004).  

We found a nonsignificant relationship between 

occupational stress and blood triglyceride levels 

and a significant correlation between 

occupational stress and blood cholesterol levels. 

Previous studies such as those performed by Su 

et al 
23

 (2001) and Netterstrom et al 
24

 (1991) 

demonstrated no significant relationship 

between stress and high blood cholesterol 

levels. In contrast, a survey performed by 

Kobayashi et al 
25

 (2005) found a significant 

and positive relationship between high blood 

cholesterol levels and stress, which chimes in 

with our results. The probable reasons for the 

different findings may be related to the nature 

of the current study and the cultural divergence 

when designing the questionnaire. Furthermore, 

Kobayashi et al 
25

 (2005) and Yadegarfar et al 
26

 (2010) determined no significant relationship 

between stress and high blood triglyceride 

levels,
 
which is in agreement with the results of 

the present study. 

Our results showed significant relationships 

between stress, level of education, job 

experience, and age. According to the results of 

a study conducted by Balakrishnamurthy and 

Shankar 
27

 (2009), younger subjects 

experienced higher levels of stress. The main 

reasons for the incidence of higher stress among 

younger workers may be in consequence of 

their comparatively low level of work 

experience in a new environment. The results of 

the present study are concordant with the 

findings of the previous studies in this field.  

We observed high diastolic blood pressure 

among the participants, but there was no 

significant relationship between high diastolic 

blood pressure and job stress. A large survey in 

the city of Tehran, entitled ñHealthy Bloodò 

(1997), reported high diastolic blood pressure 

in about 23% of the population. 
28

 Warren et al 
26

 (2010) found no relationship between job 

stress and the risk factors of cardiovascular 

disease, although they observed a high rate of 

stress among their study participants. Our 

results are inconsistent with those reported by 

Warren et al 
26

 (2010). 

 

Study Limitation s 

The results of the present study (as a cross-

sectional study) are less reliable than those 

reported by studies conducted in a longer period 

of time. Therefore, our results cannot be drawn 

upon as a basis to claim that there is no 

relationship between job stress and the risk 



     Á
     Ira

n
ia

n
 H

e
a

rt J
o
u

rn
a

l; 2
0

18; 1
9 (2

)                   

 Occupational Stress and Risk Factors of Cardiovascular Disease                                                                                                                 Shahbazi  et al 

 25 

factors of cardiovascular disease. Long-term 

studies are required to find the probable 

relationship and confirm the validity of the 

results. Another limitation of the current study 

was the participantsô relatively low level of 

concentration when filling out the questionnaire 

during the interview because to avoid any 

inconvenience to the locomotive operators, we 

conducted the interview session at the end of 

their work shift. Poor cooperation of the staff 

due to their time shortage was another 

limitation of the study. 

 

CONCLUSIONS 
 

The majority of the participants in the present 

study suffered from high occupational stress. 

Nonetheless, no significant relationship was 

found between job stress and the risk factors of 

cardiovascular disease, which may be due to the 

nature of the study (cross-sectional) and the 

relative young age of the participants. 
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ABSTRACT 

 
Background: The evaluation of the left ventricular ejection fraction (LVEF) is important for predicting 

 mortality and identifying high-risk patients. We aimed to identify factors affecting the variation 

 in the LVEF measurement via echocardiography and contrast left ventriculography (CVG). 

 

Methods: A total of 4422 patients (mean age=59.0±10.52 y, range=22ï88) who underwent 

 echocardiography and CVG within the same hospitalization period (0- to 14-day intervals) were 

 included. Data were obtained from the Echocardiography Data Bank and the Coronary 

 Angiography Data Bank in Tehran Heart Center. 

 

Results: The correlation between the estimation of the EF by echocardiography and CVG was good 

 (r=0.716); however, there was no point-by-point agreement. In 21.5% of the patients, 

 echocardiography and CVG estimated the EF equally, and a difference greater than 20% was 

 found in 1.8% of the patients. The differences between the 2 measurements were remarkable 

 either in the patients with EFs greater than 50% or in those with EFs of 50% or less by CVG 

 (59.71±3.72 by CVG vs 55.96±7.57% by echocardiography in EFs>50% and 40.69±8.96 by 

 CVG vs 43.90±10.71% by echocardiography in EFsÒ50%). By linear regression analysis, the 

 presence of pathologic Q wave, atrial fibrillation and left bundle branch block, moderate and 

 severe mitral regurgitation, increased LV size, and increased interventricular septal diameter 

 resulted in a higher EF value via CVG, whereas in those with EFs of 50% or less, the EF by 

 echocardiography was higher. No effect of time gap between the measurements was found. 

 

Conclusions: According to our study, the EF measurements obtained by echocardiography and CVG 

 varied on an individual basis. The level of the EF was the most important factor correlating with 

 the difference between the measurements by the methods. (Iranian heart Journal 2018; 19(2): 27-35)  
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he evaluation of the left ventricular 

ejection fraction (LVEF) is important for 

predicting mortality due to cardiac 

disease and has been used to identify high-risk 

patients willing to enroll in primary treatment 

trials. 
1-4

 Measuring the EF is essential in 

evaluating the level of the cardiac function, 

management of medical treatment, and 

selection for procedures like replacement of an 

automated implantable cardioverter-

defibrillator.  

Different surveys have compared the 

measurements of the EF by invasive and 

noninvasive modalities such as contrast left 

ventriculography (CVG), radionuclide 

ventriculography, single-photon emission 

computed tomography, and echocardiography. 
4-10

 Some clinical situations may necessitate the 

application of one method, so it is important for 

the clinician to know whether the estimates of 

the EF are comparable between the available 

methods. If these methods can be used 

interchangeably, this could reduce the need for 

multiple tests and the cost for patients. 

The correlation between ventriculography and 

echocardiography in most of the studies 

conducted hitherto has been good, although the 

concordance between them is varied. 
4,11

  

Moreover, concordance between these methods 

may vary on account of the fact that the 

methods are equipped with advanced 

technology and new studies may, therefore, 

yield different results. Therefore, we aimed to 

compare the EF measurements via 

echocardiography and CVG in a single 

hospitalization period amongst a large patient 

population. 

 

METHODS 

  

In a retrospective design, between January 2010 

and January 2015, a total of 4264 patients who 

underwent echocardiography and CVG within 

the same hospitalization period were included 

in the study. The number of hospitalized 

patients for coronary angiography in the above 

period of time was 28 168 and among them 

4422 patients had echocardiography at the same 

hospitalization. Of the 4422 patients, a total of 

4264 patients had complete data for analysis 

and were subsequently included in the study.   

All the data regarding past medical history, 

coronary artery risk factors, sign and symptoms 

at admission time, ECG changes, and drug 

history were prepared using the angiography 

database, in which the information was 

obtained through a comprehensive interview 

and examination by cardiologists prior to 

angiography. A trained nurse was responsible 

for taking blood pressure (using a mercury 

device), height, and weight of each patient. The 

definition of the variables in the data bank was 

published previously. 
12

  

 

Echocardiography  

Standard 2D echocardiography was performed 

for all the study subjects by experienced 

echocardiography specialists.  The 

measurements were taken according to the 

guidelines of the American Society of 

Echocardiography. 
13

 The LVEF images were 

acquired from the apical long-axis, 2-, and 4-

chamber views and evaluations were based on 

eyeball estimation using the biplane Simpson 

rule. 
14

 The LV size was categorized as follows: 

1) normal and 2) dilated (mild, moderate, and 

severe). Diastolic dysfunction was categorized 

as: 1) normal and 2) abnormal. 
15

 The severity 

of the regurgitation of the mitral and tricuspid 

valves was graded as normal, mild, moderate, 

and severe 
16

 and was categorized as: 1) none, 

2) mild, 3) and moderate or higher for the 

present study. 

 

Contrast Ventriculography  

CVG was performed via the single-plane 

method with a Philips device (Version H 3000) 

using the right anterior oblique projections at a 

film rate of 12.5 frames/s. Injections of 20 to 30 

cc of nonionic contrast (Visipaque TM) using 

an automated injector were done, and the EF 

was estimated visually according to the current 

T 
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guidelines. The patients with atrial fibrillation 

underwent the catheterization process after their 

heart rate was reduced to fewer than 80 bpm. 

Therefore, the EF estimation for this group of 

patients was performed in the same manner as 

that for the patients with normal sinus rhythms.  

Intraobserver variability for CVG was assessed 

via the assessment of 18 randomly selected 

patients by 1 observer twice at an interval of 6 

months. These patients were assessed by a 

second observer to obtain interobserver 

reproducibility of the same set of 

measurements. Inter- and intraobserver 

variabilities for echocardiography were 

determined by the random selection of 10 

echocardiograms for analysis at least 6 months 

later by the same echocardiographer. These 10 

echocardiograms were independently analyzed 

by the second blinded observer. Inter- and 

intraobserver variabilities were calculated via 

dividing the mean difference between the 

observations by their average measurement. 
17,18

 

 

Statistical Analysis 

The results are presented as means ± standard 

deviations (SDs) for the numerical variables or 

by absolute frequencies and percentages for the 

categorical variables. The continuous variables 

were compared using the Student t-test or the 

nonparametric MannïWhitney U test whenever 

the data did not appear to have normal 

distributions, while the categorical variables 

were compared using the ɢ
2
 or Fisher exact 

testðas required. Paired sample t-tests were 

conducted to determine significant differences 

between the values measured by the 2 tests. The 

Difference between the 2 methods was obtained 

by subtracting the echo measurements from the 

CVG measurements (CVG EF ï Echo EF). 

Furthermore, the patients were divided into 2 

groups according to the evaluation across the 

quintiles of the EF by CVG: EFs greater than 

50% and EFs equal to or less than 50%. 

The correlation between the 2 methods was 

assessed using the Pearson correlation 

coefficient (r), and a 95% confidence interval 

(CI) was also obtained. The correlations were 

considered poor if r was less than 0.25, fair if r 

was greater than 0.25 but less than 0.50, 

moderate to good if r was greater than 0.50 but 

less than 0.75, and good to excellent if r was 

greater than 0.75.  

A linear regression analysis was performed for 

to examine the factors significantly associated 

with the difference between the 2 modalities. 

The variables included in this analysis were 

comprised of age, gender, absolute time gap 

between the 2 clinical measurements, LV size, 

mitral regurgitation severity, interventricular 

septal diameter (IVSd), EF level, existence of 

diastolic dysfunction, and existence of left 

bundle branch block (LBBB) and right bundle 

branch block (RBBB).  

Only those patients with complete data of the 

mentioned variables were entered into the 

analysis. For the statistical analysis, the 

statistical software SPSS, version 15.0, for 

Windows (SPSS Inc, Chicago, IL) was utilized. 

All  the P values were 2-tailed, with statistical 

significance of equal to or less than 0.05. 

 

RESULTS 

 

The mean age of the study population (66.9% 

male), was 59.04±10.52 years, ranging between 

22 and 88 years. The baseline characteristics of 

the patients are depicted in Table 1. Overall, 

there was no significant difference between the 

mean EF estimated by echocardiography and 

that by CVG (49.18±1.20% vs 49.02±11.84%, 

respectively; P=0.226). In addition, there was a 

good correlation between the EF values 

measured by these 2 methods (r=0.716; 

P<0.001). The mean differences between the 

EF measurements with respect to the EF 

quintile are shown in Table 2. (Due to the 

importance of low EFs, the first quintile was 

divided into 2 categories.) 
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Table 1. Patientsô characteristics (N= 4422) 

Demographic Number  Valid Percent 

Medical history   

 Hypertension 2230 51.3% 

Congestive heart failure 456 10.3% 

Diabetes  1380 31.8% 

Stroke 154 3.6% 

Hypertriglyceridemia 994 24.5% 

Hypercholesterolemia 1446 35.3% 

Positive family history 992 23.2% 

Current cigarette smoking  1108 25.5% 

Chronic lung disease 126 3.1% 

Admission presentation   

 Stable angina 1108 25.6% 

Unstable angina 1030 23.8% 

ECG    

 Q wave  1547 35.9% 

Atrial fibrillation 96 2.2% 

Right bundle branch block 50 2.1% 

Left bundle branch block 87 3.5% 

Drug history   

 ACEI 2525 58.3% 

ASA 3958 91.4% 

Beta-blocker 3631 83.9% 

Thrombolytic agent 420 9.7% 

Physiologic date mean ± standard deviation 

 Systolic blood pressure (mm Hg) 127.50 ± 21.24 

Diastolic blood pressure (mm Hg) 82.68 ± 14.59 

Body mass index (kg/m
2
) 27.21 ± 4.59 

ECG, Surface electrocardiography; ACEI, Angiotensin-converting enzyme inhibitor 
 
 

 

Table 2. Mean differences between the EF measurements via 
echocardiography and ventriculography according to the EF 
quintile 

Quintile EF (%) 
By CVG 

EF Difference 
(EF echo ï CVG) 

1 Ò 40 -4.74 ± 8.12 

2 40-50 -1.58 ± 7.84 

3 51-55 1.93 ± 6.55 

4 55-60 3.24 ± 7.85 

5 > 60 10.09 ± 6.65 

EF, Ejection fraction; CVG, Contrast left ventriculography 
 

When the patients were divided into 2 

categories in terms of the EF values by CVG, 

the differences between the 2 measurements 

were statistically significant in each category as 

follows: echocardiography showed lower 

values of the EF in the patients with EFs above 

50% by CVG, while it demonstrated higher 

values in the patients with EFs of 50% or less 

by CVG (59.71±3.72 by CVG vs 55.96±7.57% 

by echocardiography in EFs>50% and 

40.69±8.96 by CVG vs 43.90±10.71% by 

echocardiography in EFsÒ50%). The related 

scatter plot is illustrated in Figure 1. The 

reference line is 45ę and the points laid on the 

line are those which were equally estimated by 

the 2 modalities. Despite the good correlation 

found across the 2 methods, their agreement 

was not point by point. The actual and absolute 

mean differences between the EF measurements 

were -0.16±8.71% and 6.55±5.74%, 

respectively. According to Figure 2, the 

histogram of the differences between the 2 

methods was normally distributed. In 21.5% of 

the patients, echocardiography and CVG 

estimated the EF equally. In 41.0% of the 

patients, the difference between the EF 

measurements via echocardiography and CVG 

was up to 5%. A difference of greater than 5% 

and 10% or less was found in 22.8%, a 

difference of greater than 10% and 20% or less 

in 13.0%, and a difference of greater than 20% 

in 1.8% of the patients. 

Figure 3 shows the Bland and Altman plot, 

indicating the level of agreement between the 

methods. Using an average difference of -0.16 

and an SD of 8.71 points, we found that the 

limits of agreement between the methods (95% 

CI) ranged from a lower limit of -17.24 to an 
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upper limit of 17.56. With respect to these 

limits of agreement, the agreement between 

echocardiography and CVG reached 94.5%.  

The mean time interval between the 2 

modalities was 2.99±2.62 days (range= 0ï14 

d). Regarding the sequence of the modalities, in 

55.2% of the patients, CVG was the first 

modality and in 36.5% echocardiography was 

done prior to CVG. Measurement by the 2 

methods was performed in 8.3% of the cases 

(386 patients) on the same day. The difference 

between the 2 measurements was not correlated 

with the sequence of the methods in the 

univariate analysis. All the analyses were 

repeated for the subgroup of patients in whom 

CVG and echocardiography were performed on 

the same day. The results were similar to those 

obtained from the whole population. 

By linear regression analysis, the variation 

between the methods was correlated with the 

patient-related characteristics. According to 

Table 3, CVG was more likely to report the EF 

values higher than echocardiography in the 

presence of pathologic Q wave, atrial 

fibrillation and LBBB, diastolic dysfunction, 

moderate or severe mitral regurgitation, 

increased LV size, and IVSd; whereas in EFs 

equal to or less than 50%, the value by 

echocardiography was higher. No effect of 

absolute time gap was observed. 
 
 

Table 3.   Result of the multivariable linear regression analysis with respect to the factors which potentially 

could correlate with the variation between echocardiography and contrast ventriculography 

Variable ɓ Coefficient 95% CI P value 

Age -0.014 -0.038 , 0.010 0.265 

Gender 0.184 -0.715 , 0.347 0.497 

Presence of pathologic Q wave 1.561 1.033 , 2.090 <0.001 

Presence of atrial fibrillation 2.756 1.212 , 4.301 <0.001 

Interventricular septal diameter 0.092 0.016 , 0.169 0.018 

Diastolic dysfunction 2.457 1.923 , 2.991 <0.001 

Left ventricular dilation 2.539 1.820 , 3.258 <0.001 

Mild mitral regurgitation  0.249 -0.283 , 0.780 0.359 

Moderate and severe mitral regurgitation 0.832 0.001 , 1.663 0.050 

Right bundle branch block -1.316 -3.007 , 0.376 0.127 

Left bundle branch block 2.888 1.555 , 4.221 <0.001 

Ejection fraction Ò50% by angiography -8.361 -8.896 , 7.826 <0.001 

Absolute time gap 0.070 -0.023 ,  0.163 0.139 

                R square=20.4%   CI, Confidence interval 
 
 

 

Figure 1. Scatter plot for the ejection fraction 
measurements by echocardiography and 

angiography 
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Inter - and Intraobserver Variabilit ies  
For echocardiography, the mean difference of 

the EF values was 3.89±1.81% between the first 

and the second measurements by 1 observer and 

2.06±1.40% between the 2 distinct observers.  

For CVG, the inter- and intraobserver 

variabilities were 3.25±3.73% and 1.50±6.30%, 

respectively. 

 

DISCUSSION 

 

The present study on patients who had various 

indications for coronary angiography showed 

that despite a good correlation between 

echocardiography and angiography in the 

measurement of the EF, there was no point-by-

point agreement between these modalities. This 

variation was influenced by patient-associated 

characteristics. Increased IVSd and LV size; 

severity of mitral regurgitation; and presence of 

pathologic Q wave, atrial fibrillation, and 

LBBB resulted in higher EFs by CVG. In the 

EFs of 50% or less, echocardiography reported 

higher values than did angiography. 

The main advantage of the present study over 

previous studies is the inclusion of a large 

sample size of patients, in whom both tests 

were performed within a single hospitalization 

period using state-of-the-art diagnostic 

equipment. The most similar study to ours is a 

multicenter one evaluating 741 patients after 

myocardial infarction. In that study, the test 

results in 1 index hospital admission are 

compared. 
5 
The present study is a single-center 

one, evaluating 4422 patients (of about 6 fold) 

with different indications for angiography 

within the same hospitalization period. 

Previous studies have reported that the 

difference between the mean values of the EF 

by echocardiography and CVG is not 

significant and that there is a good linear 

correlation between cross-sectional 

echocardiography and CVG methods. 
5,8-10

 The 

present study also demonstrated no remarkable 

difference between the mean EF by the 2 

methods and found a good correlation between 

them (r=0.716; P<0.001). Joffe et al 
5
 reported 

Bland-Altman 95% confidence limits, ranging 

from -20 to +20 points. This figure in our study 

was narrower and ranged between -17.24 and 

+17.56 points; this means that the variation 

Figure 2. Distribution of the differences in the left 
ventricular ejection fraction estimation between 
echocardiography (Echo) and contrast ventriculography 
(CVG) 

 

Figure 3. Bland-Altman plot of agreement between 
echocardiographic (Echo) and contrast vetriculographic 
(CVG) left ventricular ejection fraction. The dotted lines 
indicate 95% confidence intervals for the difference 



     Á
     Ira

n
ia

n
 H

e
a

rt J
o
u

rn
a

l; 2
0

18; 1
9 (2

)                   

 LV EF by Echocardiography Compared to Angiography                                                                                                                                   Sadeghian et al 

 33 

between the methods ranged between 0 and 

about 34 points. 

Recent guidelines recommend the quantitative 

estimation of echocardiograms instead of 

ñeyeballò methods which is more useful owing 

to such factors as speed, economy, and 

feasibility. A systematic review of 43 published 

studies showed that on average, 

echocardiographic methods (Simpson rule and 

subjective visual assessment) do not 

systematically under- or overestimate the EF to 

any major extent.
 11
 Because the EF parameter 

is an important guide for patient management, 

the guidelines almost have special 

recommendations with respect to the EF level. 

Whereas the variability in diagnostic 

procedures is of less importance in normal 

ranges of the EF, treatment decision is 

important in lower ranges of the value. A recent 

study on patients with acute myocardial 

infarction concluded that the variation between 

the EF measurements by echocardiography and 

ventriculography was not caused by the level of 

the EF. 
5
 Nonetheless, echocardiography in that 

study yielded slightly higher values for the EF 

at low EF levels and slightly lower values at 

high EF levels and these small differences were 

not statistically significant. In our study, the 

impact of the level of EF was more prominent 

than that of the other factors. We observed that 

in the patients with low EFs, the mean 

difference between the 2 modalities was 

significant compared to those with a high EF 

level. In the EFs greater than 50%, 

echocardiography estimated the value lower 

than CVG, while in the EFs equal to or less 

than 50% the echocardiographic estimation was 

higher than that of CVG. After adjustment for 

the other factors, this effect was significant. A 

possible explanation for this finding may be 

due to dye effect on the LV contractility, which 

is obvious in low EFs. 
19

 

The present study also found that in addition to 

the level of the EF, some other patient-related 

factors such as the presence of Q wave, atrial 

fibrillation, LBBB, LV dilation, moderate or 

severe mitral regurgitation, diastolic 

dysfunction, and increased IVSd were 

correlated with the amount of difference 

between the 2 measurements. The mechanisms 

of these observations, however, need to be 

clarified in future studies.  

According to a previous study, the presence of 

atrial fibrillation may render the assessment of 

the LV ventricular systolic function by any 

method less accurate. 
11 

McGowan et al 
11

 in 

their review on studies including a small 

number of subjects with atrial fibrillation 

concluded that for the EF determination, the 

presence of atrial fibrillation might have 

contributed to a poor agreement between the 

visual assessment by echocardiography and the 

measurement by CVG. Similarly, the present 

study found that the presence of atrial 

fibrillation significantly correlated with the 

difference between these methods. 

Via the same method, Joffe et al 
5 

reported that 

the contemporariness and the small time gap 

between the diagnostic modalities showed that 

the variation in the EF estimation was not 

related to a time interval between the tests. Our 

study, with a larger study population, confirms 

this conclusion. 

 
CONCLUSIONS 

  
The present data set showed that the EF 

measurements obtained by echocardiography 

and CVG varied on an individual basis and this 

variation was influenced by patient-associated 

characteristics. The level of the EF was the 

most important factor affecting the 

measurement by the 2 methods. 
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ABSTRACT 

 
Background: The presence of pericardial effusion (PE) in the setting of infective endocarditis (IE) may 

 be a sign of more severe IE. In this study, we aimed to determine the prevalence and prognostic 

 significance of PE in patients with native valve IE. 

 

Methods: The Iranian Registry of Infective Endocarditis (IRIE) is a single-center observational 

 hospital-based study of patients with IE. Between 2002 and 2015, all patients with a diagnosis 

 of IE who had been enrolled in the IRIE were evaluated. 

 

Results: A total of 445 patients (68.3% male) were enrolled in this registry, and 221 (49.7%) patients 

 had PE. PE was more prevalent in the patients with native valve IE and those with right-heart 

 involvement (65% in right-heart IE vs 50% in left-heart IE; P=0.002). The rate of in-hospital 

 mortality was 20% and 19.2% in the patients with and without PE, respectively, and the 

 presence of PE was not a predictor of in-hospital death in our multivariate analyses. 

 Additionally, there was no relationship between the rates of IE-related complications and the 

 severity of PE. However, the prevalence of PE was higher in the patients with right-sided IE as 

 well as in those with aortic root abscess and systemic emboli at presentation. 

 

Conclusions: The prevalence of PE in the setting of IE was relatively high in the present study. Most 

 cases of PE had mild effusion, and there was no relationship between the severity of PE and IE-

 related complications as well as in-hospital mortality. (Iranian heart Journal 2018; 19(2): 36-43) 
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Infective endocarditis (IE) is an infection of the 

myocardial tissue which predominantly 

involves the heart valves. IE has a poor 

prognosis, with an in-hospital mortality rate of 

15% to 20%. 
1-3

 IE may cause several types of 

cardiac complications such as heart failure as 

the result of valvular insufficiency, perivalvular 

abscesses, intracardiac fistulae, myocardial 

infarction, aneurysms, and aortic dissection. 
3,4

 

The pericardium can also be involved in IE. 

The presence of pericardial effusion (PE) in the 

setting of IE may be a sign of more severe IE. 

The prevalence of pericardial involvement has 

been reported from 20% in pathologic studies 

to more than 50% in echocardiographic-based 

studies. Although PE is a prevalent finding in 

IE, tamponade and purulent PE are very rare. 

The inflammatory process, peri-annular 

invasion, development of heart failure, and 

infection itself can cause PE in the setting of IE.
 

5-12
 

In patients with native valve IE, PE is more 

common in younger patients and those who 

suffer from renal insufficiency. It has been 

shown that intravenous drug abuse and right-

sided endocarditis are more common in patients 

with mild-to-moderate PE than in other groups 

of patients with IE.
 6
 

The Iranian Registry of Infective Endocarditis 

(IRIE) is a single-center observational hospital-

based study of IE patients admitted to Rajaie 

Cardiovascular, Medical, and Research 

Centerða tertiary center for cardiovascular 

medicine in Tehran, Iran. In the present study, 

we aimed to determine the prevalence and 

prognostic significance of PE in patients with 

native valve IE enrolled in the IRIE 

 

METHODS 

 

Between 2002 and 2015, all patients with a 

definitive diagnosis of IE who had been 

admitted to our center were enrolled in the 

IRIE. Data on admission and throughout the 

hospital course were collected by an expert 

registry team. The presence of PE on admission 

or its development during the hospital course 

was checked via echocardiographic data. The 

assessment of the severity of PE was based on 

the recommendations of the American Society 

of Echocardiography.
 13

 

All the data were recorded in dedicated 

software designed by the Medical Intelligent 

Technology Team of Rajaie Cardiovascular, 

Medical, and Research Center. The recorded 

data were controlled by a trained team and 

expert cardiologists every day. 

The study was approved by the institutional 

ethics and research committee, and informed 

consent was obtained from all the participants.  

 

Statistical Analysis 

IBM SPSS statistics, version 19, for Windows 

(IBM Corp, Armonk, NY, US) was applied for 

all the statistical analyses. The Kolmogorovï

Smirnov test was used to assess the normal 

distribution of the variables. The categorical 

data were presented as counts (percentages) and 

the continuous variables as means (standard 

deviations [SDs]). 

The Student t-test was used to compare the 

continuous data, and the ɢ
2
 test was applied for 

the categorical data. The logistic regression 

analysis (binary regression analysis/low 

likelihood with backward elimination) was 

employed for multivariable analysis. A P value 

smaller than 0.05 was considered statistically 

significant. 

 

RESULTS 

 

A total of 445 patients (68.3% male) with a 

definitive diagnosis of IE were enrolled in the 

current study. The mean (SD) of age was 45.1 

(16.3 [between 17 and 93 y]). Detailed data 

regarding the IRIE will be presented later. 

Among the 445 patients suffering from IE, 221 

(49.7%) had PE. Table 1 depicts the 

demographic and clinical characteristics of the 

IE patients with PE. Approximately, 55% of the 

patients had PE on admission and the rest had 

developed PE during their disease course. The 
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mean (SD) of age in the patients with PE was 

43.4 (15.9), and 70% of them were male. 

PE was significantly more prevalent in the 

patients with native valve IE than in those with 

prosthetic valves or device-related endocarditis 

(54% vs 36.5%, respectively; P=0.01).  

Among the 221 patients with PE, 34 (15.4%) 

had IE of the prostatic valve or the intracardiac 

device and 187 (84.6%) had native valve IE. 

Twenty of the 187 patients had a history of 

rheumatic heart disease, and 58 of them had 

congenital heart disease. 

Bicuspid aortic valve and patent ductus 

arteriosus were the most common diagnoses 

among the patients with congenital heart 

disease. The rest of the patients had diagnoses 

of degenerative valve diseases, including mitral 

valve prolapse or non-rheumatic valvular 

dysfunction (stenosis or regurgitation). Eleven 

patients had multi-valve IE. 

Figures 1 to 3 depict the pattern of the cardiac 

abnormalities in the patients with or without 

PE. The pattern of the valvular disorders 

(rheumatic or non-rheumatic) as well as the 

congenital heart anomalies was not different 

between the patients with PE and those without 

PE. However, the prevalence of PE was 

significantly higher in the patients with 

degenerative valvular heart disease than in the 

other groups (P=0.03). 

Table 2 presents comparisons of the vegetation 

locations in the patients with and without 

vegetation. PE was significantly more prevalent 

in the patients who had vegetation on their 

tricuspid valve (P<0.001). 

 
Table 1. Demographic and clinical characteristics of the infective endocarditis patients with pericardial effusion (N=221) 

Value Characteristic 

155(70)/ 66(30) Gender, number (%) (male/female)   

43.4(15.9) Age, y, mean (SD) 

139(62.9) Left-sided native valve endocarditis, n (%) 

57(25.8) Right-sided native valve endocarditis, n (%) 

24(10.9) Left-sided prosthetic valve endocarditis, n (%) 

7(3.2) Right-sided prosthetic valve endocarditis, n (%) 

3(1.4) Device-related endocarditis, n (%) 

41(18.6) Endocarditis in intravenous drug abusers, n (%) 

 
 

Table 2. Comparisons of vegetation locations between the patients with pericardial effusion and those without it 

P value Pericardial Effusion 
number (%) 

Vegetation Location 

No, n=224 Yes, n=187 

0.1 92(41) 71(37.9) Mitral valve 

0.5 93(41.5) 72(38.5) Aortic valve 

<0.001 24(10.7) 47(25.1) Tricuspid valve 

0.6 4(1.7) 7(1.3) Pulmonary valve 
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Figure 1. Comparisons of the frequency of rheumatic valvular disorders in the patients with and without pericardial effusion (N=187) 
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Figure 2. Comparisons of the frequency of non-rheumatic valvular heart disorders between the patients with 

pericardial effusion and those without it (N=187) 
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Figure 3. Comparisons of the frequency of congenital heart disease between the patients with 

pericardial effusion and those without it (N=187) 

 

 

Severity of PE  

PE was mild in 73% of the patients, moderate 

in 20%, and severe in 7%. Tamponade was 

diagnosed in 15 (3.4%) patients.  

PE was significantly more prevalent in the 

patients with right-heart involvement (65% in 

right-heart IE vs 50% in-left heart IE; 

P=0.002). Nonetheless, moderate-to-severe and 

severe PE (more-than-moderate PE) was 1.8 

times more prevalent in the patients with left-

heart involvement than in those with right-heart 

involvement (28.3% vs 15.7%; P<0.001). 

More-than-moderate PE was more commonly 

seen in the patients with aortic and mitral valve 

IE. The prevalence of aortic and mitral valve IE 

in the patients with more-than-moderate PE was 

40% and 34%, correspondingly. Regarding 

right-heart involvement, moderate-to-severe PE 

and severe PE were seen in 11 (22%) and 2 

(4%) patients with tricuspid and pulmonary 

valve IE, respectively. 

The incidence of tamponade was also higher in 

the patients with left-heart IE. (87.5% of the 

patients with tamponade had left-heart IE.) 

 
Complications of native valve IE in the 

patients with PE 

Table 3 shows the rate of native valve IE 

complications in the patients with or without 

PE. The rates of 4 complicationsðnamely 

embolic events (P=0.002), aortic root abscesses 
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(P=0.004), lung abscesses (P=0.005), and need 

for surgical interventions (P<0.001)ðwere 

significantly higher in the patients with PE than 

in the rest of them.  

There was no significant difference regarding 

the other complications such as renal failure, 

cardiac fistulae, myocardial aneurysm, 

pseudoaneurysms, heart failure, splenic or brain 

abscesses, brain emboli, and death between the 

2 groups. Moreover, in-hospital mortality was 

not different between the patients with and 

without PE (20% vs 19.2% in the patients with 

and without PE, respectively). 

However, there was no relationship between the 

severity of PE and the development of 

complications, and the rates of the 

complications mentioned in Table 3ðincluding 

in-hospital deathðwere not higher in the 

patients with more-than-moderate PE (All 

Ps>0.05). 

 
 

Table 3. Comparisons of native valve infective endocarditis-related complications between the patients with 
pericardial effusion and those without it 

P value 
Pericardial Effusion , number(%) 

Complication 
No Yes 

0.3 10(5.4) 7(3.6) Dehiscence 

0.02 11(4.9) 24(12.8) Abscess 

0.002 41(18.3) 68(36.3) Embolic event on presentation 

0.3 10(10.8) 15(8) History of renal failure 

0.4 56(25) 63(33.6) Renal failure during admission 

0.3 8(3.6) 12(6.4) Cardiac fistula 

0.004 7(3.1) 22(11.7) Aortic root abscess 

0.4 1(0.5) 0 Intramyocardial abscess 

0.3 16(7.1) 21(11.2) Pseudoaneurysm 

0.2 24(10.7) 17(9) Heart failure 

0.8 13(5.8) 14(7.4) Splenic abscess 

0.7 3(1.3) 4(2.1) Brain abscess 

0.005 10(4.5) 26(15) Lung abscess 

0.3 3(1.3) 6(3.2) Mycotic aneurysm 

0.5 17(7.6) 20(10.6) Brain emboli 

<0.001 88(39.3) 136(72.7) Surgical intervention 

0.6 43(19.2) 39(20) Death 

 

 

Independent predictors of more-than-

moderate PE 

A binary logistic regression model was applied 

to find the independent predictors for more-

than-moderate PE. It showed that mitral valve 

involvement, aortic valve involvement, history 

of intravenous drug abuse, valvular dehiscence, 

and presence of fistulae were the predictors of 

more-than-moderate  PE (Table 4). 

Additionally, the logistic regression analysis 

revealed that the presence of more-than-

moderate PE could be an independent predictor 

of need for surgery (ɓ=1.48, P=0.03, OR [95% 

CI]=4.4 [1.1 to 17.4]). However, many of the 

surgeries were due to pericardial drainage in the 

patients with impending to tamponade. The 

multivariate analysis also showed that the 

presence of more-than-moderate PE could not 

be an independent predictor for in-hospital 

mortality. Table 5 shows the independent 

predictors of mortality in the patients with 

native valve IE. 
 
 

Table 4. Independent predictors of more-than-moderate pericardial effusion in the patients with infective endocarditis 

No Variable Beta Sig. Odds Ratio (95% CI) 

1   Intravenous drug abusers infective endocarditis 1.212 .035 3.359(1.1-10.3) 

2   Vegetation site mitral valve -1.417 .008 0.24(0.09-0.7) 

3   Vegetation site aortic valve -1.214 .026 0.29(0.1-0.9) 

4   Dehiscence 2.059 .036 7.8(1.1-53.6) 

5   Cardiac fistula 1.575 .020 4.8(1.2-18.3) 
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Table 5. Independent predictors of mortality in the patients with infective endocarditis 

No Variable Beta Sig. Odds Ratio (95% CI) 

1   Left-sided native valve infective endocarditis -1.351 .007 0.26(0.09-0.7) 

2   Intravenous drug abusers -2.323 .002 0.09(0.02-0.4) 

3   Presence of vegetation -1.452 .009 0.23(0.07-0.7) 

4   Mitral vegetation 1.229 .010 3.4(1.3-8.6) 

5   Renal failure 1.366 .002 3.9(1.7-9.1) 

6   Heart failure 1.466 .025 4.3(1.2-15.5) 

 

 

DISCUSSION 

 

In our study, the prevalence of PE in patients 

with IE was approximately 50%. The 

prevalence of PE was higher in the patients 

with native valve IE than in those with 

prosthetic valve IE. There are limited studies 

regarding PE in the setting of IE, and most of 

them are case reports or case series with small 

sample sizes. In these studies, the prevalence of 

PE was between 8% and 50%. 
4,6-12,14,15

 

Considering the large sample size of our study, 

the current prevalence may be more acceptable. 

In the present study, most cases of PE were 

mild and the involvement of the right-heart 

valves may be a predisposing factor for PE. We 

also found a high prevalence of PE among the 

patients who had intracardiac abscesses 

secondary to their IE. It seems that right-sided 

heart failure secondary to the presence of 

abscesses and inflammatory processes in the 

heart tissue may increase the chance of the 

development of PE. In a study by Reid et al, 
7
 

the prevalence of PE was 54% and 

inflammatory response, heart failure, 

periannular complications, and infection itself 

were considered the predisposing factors of PE.
 
 

Regarding in-hospital mortality and IE-related 

complications, we found no relationship 

between PE and in-hospital mortality of IE in 

the current study. The rate of in-hospital 

mortality was 20% and 19.2% in the patients 

with and without PE, respectively, and the 

presence of PE was not a predictor of death in 

the multivariate analyses. We also found no 

relationship between the rates of IE-related 

complications and the severity of PE; however, 

the prevalence of PE was higher in the patients 

with right-sided IE as well as in those with 

aortic root abscesses and systemic emboli at 

presentation. Further, the chance of surgical 

interventions showed an increase in the patients 

with PEðparticularly during the first days of 

admission. 

There are conflicting data regarding the severity 

of PE and the rate of mortality and/ or 

complications in the setting of IE. Regeurio et 

al 
6
 studied 457 patients with IE between 1990 

and 2007 and found that massive PE could be a 

predictor for late mortality (mortality after a 

year). In their study, 23% of the patients with 

IE had mild-to-moderate PE and massive PE 

was seen in only 2% of the study population. 

The authors also found a high rate of 

intravenous drug abuse and right-sided IE 

among the patients with PE and reported that 

the rates of periannular abscesses and systemic 

emboli were higher in the patients who had 

massive PE. The predisposing factors of PE in 

the study by Regeurio and colleagues included 

native valve involvement, renal failure, and 

lower age.
 
 

The prevalence of PE in a study by Reid et al 
7
 

was 54%. The authors reported no in-hospital 

mortality in their patients with PE. They had 2 

cases of surgical drainage of tamponade, and 

there was no difference between the patients 

with or without PE in terms of IE-related 

complications except for more prolonged fevers 

in those with PE.
 
 

In a case report, Chang et al 
9
 reported a patient 

with aortic valve IE and massive PE. In our 

study, although the prevalence of PE was 

higher in the patients with aortic root abscesses, 

there was no relationship between the severity 

of PE and aortic valve involvement. 
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Study Limitations 

The utilization of registry-based data is the 

strength of the present study. Nevertheless, the 

absence of long-term follow-up information is a 

limitation of this study. The IRIE is an ongoing 

registry, and the patients who have been 

included since 2015 have been followed up for 

2 years now. Comprehensive data regarding 

this registry, including the follow-up 

information, will be presented later. 

In conclusion, the prevalence of PE in the 

setting of IE was relatively high in the current 

study. Still, most of the cases were mild and 

there was no relationship between the severity 

of PE and IE-related complications and/or in-

hospital mortality. Further studies are needed to 

clarify the prognostic significance of PE in the 

long term. 

  

Conflict of Interest:  None declared. 

 

Acknowledgements: 

We would like to thank our colleagues in the 

Iranian Registry of Infective Endocarditis and 

the IT Department of Rajaie Cardiovascular, 

Medical, and Research Centerðin particular Dr 

Yousef Moghaddam, Mr Peyman Tabatabaie, 

and Dr Behshid Ghadrdoost. 

This study was approved by the Ethics 

Committee of Rajaie Cardiovascular, Medical, 

and Research center, and the patients gave 

informed consent.  

This paper has not been published or submitted 

in any other journal, and all the authors have 

read and approved the manuscript and have no 

disclosures to admit.  

The authors herewith disclose that this study 

has no relationship with industry and financial 

associations and no competing interest has been 

declared. 

 

REFERENCES 
 

1. Hoen B, Duval X. Infective Endocarditis. New 

England Journal of Medicine. 

2013;368(15):1425-33. PubMed PMID: 

23574121. 

2. Cahill TJ, Prendergast BD. Infective 

endocarditis. The Lancet. 2016 

2016/02/27/;387(10021):882-93. 

3. Murdoch DR, Corey GR, Hoen B, Miró JM, 

Fowler VG, Bayer AS, et al. Clinical 

presentation, etiology, and outcome of infective 

endocarditis in the 21st century: the 

International Collaboration on Endocarditisï

Prospective Cohort Study. Archives of internal 

medicine. 2009;169(5):463-73. 

4. Mocchegiani R, Nataloni M. Complications of 

Infective Endocarditis. Cardiovascular & 

Hematological Disorders-Drug Targets. 

2009;9(4):240-8. 

5. Perdekamp M, Serr A, Hench J, Mattern D, 

Bohnert M. Hemopericardium caused by 

endocarditis ulcerosa: an unusual cause of 

sudden death in adolescence. Archiv fur 

Kriminologie. 2001;210(5-6):158-66. 

6. Regueiro A, Falces C, Cervera C, del Rio A, 

Paré JC, Mestres CA, et al. Risk factors for 

pericardial effusion in native valve infective 

endocarditis and its influence on outcome. The 

American journal of cardiology. 

2013;112(10):1646-51. 

7. Reid CL, Rahimtoola SH, Chandraratna P. 

Frequency and significance of pericardial 

effusion detected by two-dimensional 

echocardiography in infective endocarditis. The 

American journal of cardiology. 

1987;60(4):394-5. 

8. Alió -Bosch J, Tornos-Mas M, Soler-Soler J. 

Cardiac tamponade as an initial clinical 

presentation of infective endocarditis. 

International journal of cardiology. 

1987;14(3):373-6. 

9. Chang K, Seung K-B, Shin W-S, Kim P-J, Ihm 

S-H, Lee D-G, et al. Infective endocarditis of 

the aortic valve complicated by massive 

pericardial effusion and rupture of a sinus of 

valsalva into the right atrium. Journal of the 

American Society of Echocardiography. 

2004;17(8):910-2. 

10. Katz LH, Pitlik S, Porat E, Biderman P, Bishara 

J. Pericarditis as a presenting sign of infective 

endocarditis: two case reports and review of the 

literature. Scandinavian journal of infectious 



     Á
     Ira

n
ia

n
 H

e
a

rt J
o
u

rn
a

l; 2
0

18; 1
9 (2

)                   

     Á
     Ira

n
ia

n
 H

e
a

rt J
o
u

rn
a

l; 2
0

18; 1
9 (2

)                   

 Prevalence and Prognostic Significance of Pericardial Effusion in Native Valve Endocarditis                                                                                     Firouzi et al 

 43 

diseases. 2008;40(10):785-91. 

11. Ribeiro P, Shapiro L, Nihoyannopoulos P, 

Gonzalez A, OAKLEY CM. Pericarditis in 

infective endocarditis. European heart journal. 

1985;6(11):975-8. 

12. Rose RL, Higgins LS, Helgason AH. Bacterial 

endocarditis, pericarditis and cardiac 

tamponadez. The American journal of 

cardiology. 1967;19(3):447-51. 

13. Klein AL, Abbara S, Agler DA, Appleton CP, 

Asher CR, Hoit B, et al. American Society of 

Echocardiography clinical recommendations for 

multimodality cardiovascular  imaging  of  

patients  with pericardial disease: endorsed by 

the Society for Cardiovascular Magnetic 

Resonance and Society of Cardiovascular 

Computed Tomography. Journal of the 

American Society of Echocardiography. 

2013;26(9):965-1012. e15. 

14. Arita M, Kusuyama Y, Takatsuji M, Kawazoe 

K, Masuyama Y. Septal myocardial abscess and 

infectious pericarditis in a case of bacterial 

endocarditis. Japanese circulation journal. 

1985;49(4):451-5. 

15. Arnett EN, Roberts WC. Valve ring abscess in 

active infective endocarditis. Frequency, 

location, and clues to clinical diagnosis from the 

study of 95 necropsy patients. Circulation. 

1976;54(1):140-5.

 



     Á
     Ira

n
ia

n
 H

e
a

rt J
o
u

rn
a

l; 2
0

18; 1
9 (2

)                   

Isovolumic Relaxation Time as an Indicator of Diastolic Dysfunction in Hypertrophic Cardiomyopathy                                                             Alizadehasl et al 

 

 44 

Original Article  
Isovolumic Relaxation Time as an Indicator of Diastolic Dysfunction in Hypertrophic Cardiomyopathy                                                             Alizadehasl et al 
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ABSTRACT 
 

Background: Hypertrophic cardiomyopathy (HCM) is clinically characterized by the presence of left 

 ventricular hypertrophy in the absence of hypertension and valvular heart disease. Diastolic 

 dysfunction is an important pathology in patients with HCM, and it is characterized by 

 abnormal relaxation, increased left ventricular filling pressure, pulmonary congestion, and 

 ultimately cardiac symptoms. The present study aimed to assess the isovolumic relaxation time 

 (IVRT) in patients with HCM as an important indicator of diastolic dysfunction. 

 

Methods: Nineteen control subjects and 35 patients with HCM were included in the present study. 

 Diagnosis was based on the confirmation of unexplained myocardial hypertrophy in the left 

 ventricle by conventional echocardiography. The peak velocity of early (E) and late (A) filling, 

 E-wave deceleration time (DT), and the E/A ratio were assessed using pulsed-wave Doppler 

 (PWD) echocardiography at the tip of the mitral valve leaflets in the apical 4-chamber view. 

 The IVRT was measured in the 4-chamber view via the PWD method. To that end, the filtering 

 gain of the images was adjusted and the IVRT was estimated. 

 

Results: The mean age of the patients was 31±16 years. The IVRT more significantly increased in the 

 patients with HCM than in the control group (P<0.01). The IVRT rose more significantly in the 

 patients with no left ventricular outflow tract (LVOT) obstruction than in those with LVOT 

 gradients (97±38 vs 82±29; P<0.001). The mean septal thickness was 24±7 mm in the patients 

 with HCM, and increased septal thickness was significant in the patients who received 

 implantable cardioverter defibrillators (P<0.05). 

 

Conclusions: The diastolic function was impaired in our patients with HCM. Moreover, the IVRT as a 

 noninvasive index of the diastolic function was prolonged in those with HCM. (Iranian heart 

 Journal 2018; 18(2): 44-49) 
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ypertrophic cardiomyopathy (HCM) is 

a primary myocardial disease in which 

hypertrophy occurs in the left ventricle 

(LV) independent of load. Hypertrophy 

occasionally occurs because of high blood 

pressure or pressure overload. Impaired 

relaxation in the LV is the hallmark of every 

type of hypertrophy, 
1
 and it eventually causes 

increased LV end-diastolic pressure as well as 

pulmonary congestion and edema, while the 

systolic function of the LV remains normal. 
2-4

  

In the wide range of HCM, physical 

examination is not the best diagnostic method 

inasmuch as most patients do not have left 

ventricular outflow (LVOT) obstruction and 

their examination is almost normal. 

Additionally, the initial suspicion in these 

people arises from their family history, 

abnormal ECG pattern, systolic murmur, or 

new symptoms during exercise. 
5,6

 

Histopathological features of HCM include 

myocardial fiber disarray, which causes 

impairment in myocardial relaxation and 

stiffness in the myocardium. 
2,7,8

 

The present study aimed to assess the 

isovolumic relaxation time (IVRT) in patients 

with HCM, which is regarded as an indicator of 

diastolic dysfunction in these patients. 
 

METHODS 
 

Patients 

A total of 35 patients (20 women and 15 men) 

with HCM, at a mean age of 31±16 years, were 

included in the present study. Diagnosis was 

based on the confirmation of unexplained 

myocardial hypertrophy in the LV via 

conventional echocardiography.  A 

normal sinus rhythm and an LV ejection 

fraction of at least 55% were detected in all the 

patients. All the medications taken by the 

patients were discontinued for at least 48 hours 

before the study. The control group comprised 

19 patients at a mean age of 31±13 years with 

no history of cardiovascular disease but with 

normal physical examination, ECG, and 

echocardiographic findings. 

Echocardiography 

Imaging was performed in the left lateral 

decubitus position using a VIVID  3 

echocardiography device. The diameters of the 

atria and ventricles were measured in the 

standard views using 2D and the M-mode 

method. The LV volumes were measured 

according to the disc summation method. The 

transmitral LV filling signal was assessed 

manually by using pulsed-wave Doppler 

(PWD) echocardiography at the tip of the mitral 

valve leaflets in the apical 4-chamber view, and 

the following variables were assessed: peak 

velocity of early (E) and late (A) filling, E-

wave deceleration time (DT), and the E/A ratio. 

The gradient of the LVOT was assessed using 

continuous wave Doppler interrogation in the 

region below the aortic valve and by the 

assessment of the Doppler velocity profile, 

LVOT obstruction at rest was considered a 

gradient of equal to or greater than 30 mm Hg. 

The IVRT is the interval between the closure of 

the aortic valve and the start of ventricle filling 

following mitral valve opening. To assess the 

IVRT in the 4-chamber view, the operator 

should turn the probe anteriorly so that the 

aortic valve and the outflow tract are in clear 

view. During PWD, the sample volume is 

placed between the aortic and mitral valves so 

that the aortic and mitral valve signals can be 

clearly assessed. Thereafter, the filtering gain of 

the images is adjusted and the IVRT is 

measured (Fig. 1). 
 

 
Figure 1. Pulsed-wave Doppler for the evaluation of the 

isovolumic relaxation time (IVRT) 

H 
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RESULTS 
 

Of all the patients, 25 (72%) reported dyspnea, 

27 (78%) palpitation, and 17 (48%) chest pain. 

Two patients reported a history of at least 1 

episode of syncope. The demographic details 

and the physical examination data of both HCM 

and normal groups are shown in Table 1. 

 

Echocardiographic results for the patients 

with HCM and the control group  

The IVRT increased more significantly in the 

patients with HCM than in the control group 

(P<0.01) and in the patients with LVOT 

gradients. The IVRT had a more significant rise 

in the patients with no LVOT obstruction than 

in the patients with LVOT gradients (97±38 vs 

82±29; P<0.001). Moreover, the early diastolic 

flow velocity (E wave) was significantly lower 

and the late diastolic flow velocity (A wave) 

was higher in the patients without LVOT 

gradients (P<0.01 and P<0.05, respectively). 

The demographic details, clinical symptoms, 

and echocardiographic data in the 2 groups of 

patients, with and without LVOT gradients at 

rest, are shown in Table 2. The mean septal 

thickness was 24±7 mm in the patients with 

HCM, and increased septal thickness was 

significant in the patients who received 

implantable cardioverter defibrillators 

(P<0.05). The echocardiographic characteristics 

of the case and control groups are illustrated in 

Table 3.  

 
Table 1. Demographic and physical examination data of 

both HCM and normal groups 

Characteristic/ Variable 
HCM 
(n= 35) 

Control 
(n = 19) 

Age, y 31±16 32±13 

Gender (male) 57% 58% 

BMI,  kg/m
2
 23.6 23.2 

Dyspnea 72% - 

Palpitation 78% - 

Chest pain 48% - 

HCM, Hypertrophic cardiomyopathy; BMI, Body mass 
index 

 
Table 2. Demographic and physical examination data and the IVRT of the patients with and without LVOT obstruction 

Characteristic/ 
Variable 

LVOT Gradient 
Ó 30 mm Hg 

(n= 11) 

LVOT Gradient 
< 30 mm Hg 

(n = 24) 

P 
value 

Age, y 30±14 32±17 

<0.001 

Gender (male) 54.5% 58.3% 

BMI, kg/m
2
 23.9 23.3 

Dyspnea 69% 75% 

Palpitation 75% 79% 

Chest pain 54.5% 58% 

IVRT 82±29 97±38 

IVRT, Isovolumic relaxation time; LVOT, Left ventricular outflow tract; BMI, Body mass index 

 
Table 3. Conventional echocardiographic parameters in the normal subjects and those with HCM 

 Patients with HCM 

Characteristic/ 
Variable 

Control 
(n=19) 

HCM 
(n=24) 

P value 
ICD + 
(n=6) 

ICD ï 
(n=18) 

P value 

LVEF, % 60±5 60±10  60±10 60±10  

LVEDVI 70±8 63±17  53±15 65±12  

Septal thickness, mm 9±1 24±7  27±8 21±6 <0.05 

LA area, cm
2
 17±3 19±5  18±3 19±4  

E/A ratio - 0.8±0.3  0.8±0.3 0.8±0.3  

DT, ms - 229±56  215±49 235±59  

IVRT, ms 55±20 82±29 <0.01 103±40 90±35  

LVOT gradient, mm Hg 0 15±5  17±7 13±7  

SAM, mm 0 6  1 5  

HCM, Hypertrophic cardiomyopathy; LVEF, Left ventricular ejection fraction; LVEDVI, Left ventricular end-diastolic volume 
index; LA, Left area; DT, Declaration time; IVRT, Isovolumic relaxation time; LVOT, Left ventricular outflow tract; SAM, 
Systolic anterior motion; ICD, Implantable cardioverter defibrillator 
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DISCUSSION 

 
HCM is a complex genetic disorder and a major 

cause of disability and mortality in all age 

groups. This disease has a medallion autosomal 

dominate trait. 
5
 Diastolic dysfunction of the 

hypertrophied LV is an important presentation 

of hypertrophic cardiomyopathy, and it causes 

clinical symptoms in patients. 
7,9

 

The present study aimed to investigate diastolic 

dysfunction in the LV using the IVRT in 

patients with HCM. Clinically, HCM is LV 

hypertrophy in the absence of hypertension and 

valve diseases. HCM with no cardiovascular 

causes occurs in almost 1:500 people in the 

general population. 
Almost 25% of patients with HCM have a 

significant gradient of at least 30 mm Hg in the 

LVOT at rest. 
5,6

 In a study conducted by 

Betocchi et al 
10

 on 44 patients with HCM, the 

LV end-diastolic pressure and the left atrial 

end-diastolic pressure had significantly 

increased compared to those in the control 

group and the LV ejection fraction was higher 

in the patients with HCM, while the peak filling 

rate was the same in both groups. The authors 

also reported that the IVRT had a significant 

rise in HCM. In addition, diastolic dysfunction 

was observed in 82% of their patients with 

HCM, and passive diastolic function was 

impaired in 55%. Another interesting point in 

that study was that the IVRT was the same in 

both groups with and without LVOT 

obstruction, while in the patients with high 

LVOT gradients, the peak systolic pressure was 

higher. In fact, isovolumic relaxation disorder 

occurs due to such different reasons as 

subendocardial ischemia, changes in ventricular 

loading, 
10

 and an increase in the cytosolic 

calcium level. 
11 

In the present study, the IVRT was higher in the 

patients with HCM, which agrees with the 

results obtained by Betocchi and colleagues; 

nonetheless, the IVRT was lower in the patients 

with LVOT obstruction than in those without 

LVOT gradients in our study.  

In a study by Spirito et al, 
3
 impaired LV filling 

was demonstrated in HCM, but the important 

point was that not only patients with diffuse 

hypertrophy but also those with mild segmental 

LV hypertrophy had a regional diastolic 

abnormality. In fact, the cardiomyopathy 

process in these patients suggests that the filling 

disorder is not limited to the wall thickness, but 

there is abnormality in the myocardial tissue.  
A study by Kato et al 

8
 on 36 patients with non-

obstructive HCM showed that the peak negative 

mitral valve gradient provided important 

information about active relaxation and passive 

stiffness and could be an index for the follow-

up of patients with increased ventricular mass 

in echocardiography. The authors also showed 

that reduced mass in LV hypertrophy led to a 

reduction in cardiac complications. In a study 

by Matsumura et al 
12

 on patients with HCM, 

the early diastolic mitral annular velocity (E') as 

assessed by tissue Doppler imaging exhibited a 

clear reduction and the E/E' ratio correlated 

with the New York Heart Associationôs 

function class and exercise capacity of the 

patients.  

The importance of diastolic dysfunction in 

patients with HCM has highlighted the 

importance of using noninvasive methods such 

as echocardiography to assess the presence and 

severity of the diastolic function in this group 

of patients. 
2,13

 

Guodong et al, 
14

 investigating the early 

diastolic mitral annular velocity during exercise 

to identify the diastolic dysfunction in patients 

with HCM and normal ejection fractions, 

showed that a higher E/E' worsened the 

patientsô prognosis and that after 

cardiopulmonary exercise testing, tissue 

Doppler imaging was an appropriate method for 

predicting exercise capacity in patients with 

HCM. There are various less dependent preload 

methods for demonstrating diastolic disorders 

in HCM, including early flow propagation 

velocity and early diastolic annular velocity, 

which can assist in estimating the ventricular 

filling pressure. 
15-17 
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CONCLUSIONS 
 

Previous studies have demonstrated diastolic 

dysfunction and increased LV end-diastolic 

pressure in HCM in different ways and through 

various echocardiographic techniques. 

Abnormalities in the IVRT can be deemed an 

indicator of LV diastolic dysfunction. 
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ABSTRACT 

 
Background: This study attempted to evaluate functional and structural cardiac states using 

 echocardiography in patients with white-coat hypertension in comparison with true 

 hypertension and normotensive conditions.   
 

Methods: The study population consisted of 72 individuals, aged 25 to 75 years. The subjects were 

 assigned to 4 groups: white-coat hypertensives (n=20), controlled true hypertensives (n=20), 

 uncontrolled true hypertensives (n=12), and a normotensive group (n=20). Whilst the 4 sub-

 groups in the study exhibited a similar gender distribution, the normotensive subjects were 

 significantly younger; however, there was no discrepancy in the mean age between the white-

 coat hypertensive group and the other hypertensive subgroups. Univariate comparisons between 

 the functional and structural cardiac parameters of the white-coat hypertensives and the other 

 study groups revealed low deceleration time and Eô-wave velocity and high E-wave velocity 

 and left ventricular internal dimension indices compared with the other 2 hypertensive groups.  
 

Results: After adjustment for sex and age, the white-coat hypertensive group revealed differing results 

 in 2 indices of Eô wave velocity and interventricular septal thickness (IVST) when compared 

 with the other three. A number of features were identified as the hallmarks of white-coat 

 hypertensives: specific functional and structural cardiac changes such as low IVST in 

 comparison with the uncontrolled hypertensives; presence of diastolic dysfunction, which was 

 not found in the normotensives; and greater cardiac mass than that in the normotensives, less 

 than that in the uncontrolled hypertensives, but closer to that in the controlled hypertensives.  
 

Conclusions: Although the prognosis for patients with white-coat hypertension is not as grave as that 

 for those with true hypertension, it is considerably worse than the prognosis among the normal 

 population. (Iranian heart Journal 2018; 19(2): 50-56) 
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he term ñwhite-coat hypertensionò is 

defined as the elevation of office blood 

pressure with normal ambulatory blood 

pressure which might need to be controlled by 

antihypertensive treatment. 
1
 This concept was 

primarily applied by Pickering in 1988 for 

subjects who were not receiving 

antihypertensive medications. 
2
 The exact 

prevalence of this phenomenon has not been 

determined, but the usual range in large 

population-based studies is estimated to be 

between 18% and 33% across the general 

hypertensive patient populationðwith a higher 

rate among those with persistent hypertension. 
3 

Nowadays, controversy persists as to whether 

the nature of white-coat hypertension is a real 

hypertensive state needing antihypertensive 

medications or whether it is an unreal state not 

in need of treatment. In fact, variability of 

blood pressure in an office or clinic is a 

challenge for clinicians to manage 

appropriately. 
4
 In this context, reduced risk for 

myocardial infarction, stroke, and heart failure 

with pharmacotherapy in the affected subjects 

has recently been suggested. 
5
 On the other 

hand, the measurement of blood pressure can 

not only be affected by technical and observer 

biases but can also, potentially, be influenced 

by differing states such as general clinics and 

emergency wards. 
6
  

Differences in clinical conditions and outcomes 

between true and white-coat hypertensives have 

previously been investigated. Some imaging 

studies on the carotid artery have shown similar 

intima-media thickness and the cross-sectional 

area of this artery in patients with true 

hypertension and those with white-coat 

hypertension and that these measurements are 

higher than those in individuals with a normal 

blood pressure status. Further, an increased left 

ventricular mass index has been found in the 

white-coat hypertension status. 
7
 A higher 

serum homocysteine level and a higher left 

ventricular mass index are 2 major 

cardiovascular risk parameters which are 

significantly greater in both true and white-coat 

hypertension groups than in individuals with a 

normal hypertension state. 
8-9

 However, the 

prognostic value of white-coat hypertension re  

mains to be debated. Although some recent 

studies have demonstrated a high risk of 

cardiovascular mortality and morbidity even 

after adjustment for potential confounders in 

the white-coat hypertension group and also 

sustained hypertensive subjects compared with 

normotensive subjects, 
10

 there are only a few 

published studies which compare structural and 

functional cardiac conditions between patients 

with white-coat hypertension and true 

hypertension. Accordingly, in the present study, 

we sought to evaluate functional and structural 

cardiac states using echocardiography in 

patients with white-coat hypertension and 

compare the findings with those in patients with 

true hypertension.   

 

METHODS 
 

Study Population 
The study population consisted of 72 

individuals, aged 25 to 75 years, who were 

consecutively referred to the Cardiology Clinic 

at Shariati Hospital, Isfahan in 2013. Those 

with any clinical evidence of secondary causes 

of hypertension, pregnancy, valvular heart 

disease, identified atrial fibrillation, or working 

at night shifts were not included in the study. 

All the participants gave their informed consent 

from the outset of the study, which was 

approved by the Review Committee of Islamic 

Azad University, Najafabad Branch.  
 

Blood Pressure Assessment 

Blood pressure was measured using a mercury 

sphygmomanometer whilst the subjects were in 

a seated position with their arm placed 

comfortably at heart level. Blood pressure was 

measured by the same practitioner twice: once 

in the outpatient clinic and again in the 

echocardiography department. Ambulatory 

blood pressure monitoring was performed for 

24 hours using a Spacelab Ambulatory blood 

pressure monitor. All the patients were 

T 
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evaluated on a working day, and they were 

instructed to carry out their usual daily 

activities. The subjects were considered 

normotensive if they had a blood pressure (BP) 

less than 140/90 mm Hg and a 24-hour 

ambulatory BP less than 135/85 mm Hg. 

White-coat hypertension was defined as office 

readings of a systolic blood pressure (SBP) of 

at least 140 mm Hg or a diastolic blood 

pressure (DBP) of at least 90 mm Hg and 

average ambulatory BP of less than 135/85 mm 

Hg (Franklin et al, 2013). In this regard, true 

hypertension was defined as a clinic SBP of 

equal to or greater than 140 mm Hg or a clinic 

DBP of at least 90 mm Hg and an average 

ambulatory SBP of equal to or greater than 135 

mm Hg or an average ambulatory DBP of at 

least 85 mmHg, or patients undertreated with 

any antihypertensive treatment without any 

evidence of secondary hypertension. According 

to these definitive criteria, the subjects were 

assigned to the white-coat hypertension group 

(n=20), controlled true hypertension group 

(n=20), uncontrolled true hypertension group 

(n=12), and normotensive group (n=20).  
 

Echocardiography Assessment 
All the participants were evaluated via 2D 

echocardiography for functional and structural 

heart assessment by an expert fellow of 

echocardiography. In this regard, both systolic 

and diastolic cardiac parameters such as left 

ventricular ejection fraction 

(LVEF), interventricular septal thickness 

(IVST), left ventricular internal dimension 

(LVID),  and left ventricular posterior wall 

thickness (PWT) as well as the diastolic 

function parameters such as E, Eô, and 

deceleration time (DT) were evaluated. The 

echocardiography measurements were then 

compared with the normal ranges assessed in 

some sex- and age-matched normotensive 

subjects without any evidence of cardiovascular 

disorders. Additionally, cardiac mass was 

measured using the following formula:  
LV mass= 

0.8  (1.04   ([LVID+PWT+IVST]
3
 ï [LVID]

3
) + 0.6 

Statistical Analysis 
The results were presented as medians (first and 

third quartiles) for the quantitative variables 

and were summarized by absolute frequencies 

and percentages for the categorical variables. 

The continuous variables were compared using 

the ANOVA test and/or nonparametric 

KruskalïWallis test whenever the data did not 

appear to have normal distributions or when the 

assumption of equal variances was violated 

across the 2 groups. The categorical variables 

were, on the other hand, compared using the ɢ
2
 

or Fisher exact test when more than 20% of 

cells with an expected count of less than 5 were 

observed. The multivariable linear regression 

modeling was employed to assess group 

differences adjusted for baseline variables, 

including gender and age. For the statistical 

analysis, the statistical software SPSS, version 

19.0, for Windows (SPSS Inc, Chicago, IL) was 

used. A P value of 0.05 or less was considered 

statistically significant. 

 

RESULTS 
 

The 4 subgroups of participantsðcomprising 

white-coat hypertensives, normotensives, 

controlled true hypertensives, and uncontrolled 

true hypertensivesðwere similar in terms of 

gender distribution (male frequency = 40.0%, 

30.0%, 40.0%, and 50.0%ðrespectively; 

P=0.727). However, the normotensive subjects 

were significantly younger (mean age = 

59.75±9.95 y in the white-coat hypertension 

group, 38.10±12.27 y in the normotensive 

group, 59.55±15.62 y in the controlled 

hypertensive group, and 59.00±12.95 y in the 

uncontrolled hypertensive group; P<0.001), 

with no discrepancy between the white-coat 

hypertension group and the other hypertensive 

subgroups.  

As is shown in Table 1, the mean clinic SBP 

value was significantly high in the white-coat 

hypertensives by comparison with the 

normotensives and controlled hypertensives, 

but not with the uncontrolled hypertensives. 
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The mean DBP in the white coat-hypertension 

group was lower than that in the other 

hypertensive groups; it was high only in 

comparison with the normotensives. In other 

words, daytime as well as night-time SBP and 

DBP values in the white-coat hypertensives 

were significantly low when compared with the 

respective values in the uncontrolled 

hypertensives but were high when compared 

with the corresponding values in the 

normotensives or controlled hypertensives.  

Univariate comparisons of the functional and 

structural cardiac parameters between the 

white-coat hypertensives and the other study 

groups showed that the median of cardiac mass 

was high in the white-coat hypertensives 

compared with the normotensive groups (127.5 

vs 101.1; P=0.005). With respect to differences 

in the cardiac left ventricular mass, although the 

uncontrolled hypertensive group had 

significantly higher mass than the normal and 

controlled hypertensive groups, no statistical 

difference was observed apropos cardiac mass 

between the controlled hypertensives and the 

white-coat hypertensives (P=0.091). On the 

other hand, the median of cardiac mass was 

high in the white-coat hypertensives compared 

with the normotensive subjects (Table 2). In 

this context and after adjustment for sex and 

age, the white-coat hypertensive group revealed 

differing results in 2 indices of Eô-wave 

velocity and IVST, when compared with the 

other 3 subgroups (Table 3). 

In ventricular measurements, the white-coat 

group exhibited similar thickness in both the 

septum and the posterior wall to the controlled 

hypertensive group but these values were lower 

than those in the uncontrolled hypertensives 

and greater than those in the normotensive 

subjects. In this group, the E-wave velocity was 

equal to that in the normotensives and higher 

than that in both controlled and uncontrolled 

hypertensives; nonetheless, the Eô-wave 

velocity indices were lower than those in the 

normotensives. 

 

Table 1. Blood pressure variables of the participants in the 4 subgroups examined (median [first and third quartiles]) 

Variable 
White-Coat 

Hypertensives 
Normotensives 

Controlled 
Hypertensives 

Uncontrolled 
Hypertensives 

P value 

Echo-SBP 
150 

(150 ï 160)* 
100 

(110 ï 130)* 
132.5 

(121.2 ï 140) * 
150 

(150 ï 160) 
< 0.001 

Echo-DBP 
90 

(80 ï 97.5)* 
70 

(60 ï 80)* 
80 

(70 ï 83.7) 
90 

(80 ï 90) 
< 0.001 

Max-SBPday 
145 

(138 ï 150.7)* 
133 

(117 ï 148) 
153.5 

(143.2 ï 158.0) 
176.5 

(163.5 ï 182)* 
< 0.001 

Max-DBPday 
84 

(76.7 ï 94.7)* 
83 

(77 ï 95) 
88 

(76 ï 98.7) 
106 

(93.7 ï 116.7)* 
0.006 

Max-SBPnight 
125.5 

(121.7 ï 135.2)* 
110 

(107 ï 128) 
124 

(116.2 ï 137.2) 
167.5 

(154.2 ï 178.5)* 
< 0.001 

Max-DBPnight 
69 

(64.2 ï 81.7)* 
70  

(64 ï 83) 
76 

(63.5 ï 84.7) 
93.5 

(80.5 ï 111.7)* 
< 0.001 

Min-SBP day 
94 

(89.2 ï 101)* 
89  

(86 ï 101) 
96 

(90.2 ï 100.7) 
120 

(114.5 ï 134.7)* 
< 0.001 

Min-DBP day 
46.5 

(41.2 ï 60)* 
54  

(47 ï 60) 
49.5 

(41 ï 55.2) 
57 

(53 ï 71.5)* 
< 0.001 

Min-SBP night 
96.5 

(91.2 ï 102.2)* 
93  

(88 ï 97) 
101.5 

(93.2 ï 110.7) 
131.5 

(113.2 ï 136.5)* 
< 0.001 

Min-DBP night 
49 

(44.2 ï 54.7)* 
49  

(46 ï 54) 
53.5 

(46.5 ï 58.2) 
62 

(54 ï 69.5)* 
< 0.001 

Mean-SBPday 
116.5 

(114.2 ï 122)* 
108  

(99 ï 118)* 
119 

(111.5 ï 128) 
144 

(138.5 ï 153.7)* 
< 0.001 

Mean-DBPday 
67 

(61.2 ï 70.7)* 
65  

(61 ï 73) 
66 

(60.5 ï 75.5) 
142.5 

(125.5 ï 149.7)* 
< 0.001 

Mean-SBPnight 
113 

(108 ï 116.7)* 
100 

(96 ï 110) 
113.5 

(105.7 ï 122.7) 
147 

(137 ï 156)* 
< 0.001 

Mean-DBPnight 
62.5 

(55 ï 67.2)* 
59 

(55 ï 64) 
62 

(54.7 ï 69.7) 
79.5 

(67.2 ï 86.5)* 
< 0.001 

* Statistically significant difference between the white-coat hypertensives and the other groups 
SBP, Systolic blood pressure; DBP, Diastolic blood pressure 
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Table 2. Echocardiography parameters of the participants in the 4 subgroups examined (median [first and third quartiles]) 

Variable 
White-Coat 

Hypertensives 
Normotensives 

Controlled 
Hypertensives 

Uncontrolled 
Hypertensives 

P value 

LVEF 
0.6  

(0.55 ï 0.6) 
0.6  

(0.6 ï 0.6) 
0.6  

(0.6 ï 0.6) 
0.6 

(0.55 ï 0.6) 
0.198 

DT 
214  

(169 ï 278) 
189  

(158 ï 215) 
229  

(177.2 ï 285.2) 
247  

(186.5 ï 365.5) 
0.039 

E wave 
0.8  

(0.7 ï 0.97) 
0.86  

(0.70 ï 1.03) 
0.75  

(0.64 ï 0.92) 
0.66  

(0.56 ï 0.80) 
0.038 

Eô wave 
0.06  

(0.05 ï 0.07) 
0.10  

(0.09 ï 0.11) 
0.07  

(0.06 ï 0.08) 
0.06  

(0.04 ï 0.07) 
< 0.001 

IVST 
0.92  

(0.81 ï 1.00) 
0.72  

(0.65 ï 0.81) 
0.87  

(0.72 ï 1.03) 
1.10  

(1.07 ï 1.19) 
< 0.001 

LVID 
4.64  

(4.07 ï 4.88) 
4.54  

(4.27 ï 4.90) 
4.3  

(3.88 ï 4.76) 
4.22  

(4.07 ï 4.82) 
0.411 

PWT 
0.81  

(0.78 ï 0.96) 
0.69  

(0.64 ï 0.79) 
0.80  

(0.69 ï 1.00) 
1.04  

(0.87 ï 1.10) 
< 0.001 

LV mass 
127.5  

(115.2 ï 157.5) 
101.1 

(89.4 ï 124.3) 
126.0  

(82.1 ï 150.1) 
153.2  

(123.6 ï 217) 
0.005 

LVEF, Left ventricular ejection fraction; DT, Declaration time; IVST, Interventricular septal thickness; LVID, 
Left ventricular internal dimension; PWT, Left ventricular posterior wall thickness 

 
Table 3. Multivariate linear regression model adjusted for 

sex and age 

Variable Beta 
Standard 

Error 
P value 

DT 

     Study group -1.327 13.101 0.920 

     Sex -18.387 27.038 0.499 

     Age 2.439 0.957 0.013 

E wave 

     Study group -0.017 0.024 0.480 

     Sex 0.081 0.049 0.108 

     Age -0.001 0.002 0.459 

Eô wave 

     Study group -0.005 0.002 0.014 

     Sex -0.001 0.005 0.743 

     Age 0.001 0.001 < 0.001 

IVST 

     Study group 0.047 0.020 0.020 

     Sex -0.139 0.041 0.001 

     Age 0.003 0.001 0.029 

PWT 

     Study group 0.034 0.020 0.084 

     Sex -0.096 0.041 0.023 

     Age 0.003 0.001 0.032 

Cardiac mass  

     Study group 7.275 4.221 0.089 

     Sex -39.162 8.907 < 0.001 

     Age 0.483 0.312 0.126 

DT, Declaration time; IVST, Interventricular septal 
thickness; PWT, Left ventricular posterior wall thickness 

 

DISCUSSION 
 

Assessment of the outcome of white-coat 

hypertension in recent studies has indicated an 

unfavorable prognosis for affected patients. As 

is clearly shown in some recent observations, 

compared with normotensive individuals, the 

risk of cardiovascular mortality as adjusted for 

potential confounders has demonstrated a 

progressive significant increase in white-coat 

hypertensives and even this patient group has 

also exhibited a marked increase in the adjusted 

risk of developing sustained hypertension over 

a 10-year time period (Mancia et al, 
10

 2013 and 

de la Sierra et al, 
1
 2013). It has been even 

suggested that measuring home blood pressure 

levels, along with the other traditional risk 

factors, may be enough to stratify the 

cardiovascular risk (Hänninen et al,
7
 2012). A 

li terature review suggests that the increased risk 

of mortality and morbidity in these patients can 

be due to various underlying cardiovascular 

abnormalities and metabolic disturbances, so 

that compared with normotensives, subjects 

with white-coat hypertension have been shown 

to be at increased cardiovascular risk. Thus, it 

seems that the presence of structural or 

functional heart disturbance is bi-directionally 

associated with the progression of white-coat 

hypertension and results in an unfavorable 

outcome. The present study was conducted to 

assess both structural and functional heart states 

in subjects with white-coat hypertension and 

compare them with those in normotensives. We 
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have succeeded in clarifying that both structural 

heart status and diastolic functional status 

(indicated by a decreased Eô-wave index and 

increased DT) could be impaired in these 

affected patients when adjusted for sex and age 

variables.  

Taking into account the association between 

IVST changes and white-coat hypertension; 

although increased IVST was shown in both 

controlled and uncontrolled hypertensives 

compared with normotensives, as was similarly 

shown by Grossman and colleagues 
7
 (2008), 

this index was significantly higher in the white-

coat hypertensives than in the normotensives. 

We observed that changes in the diastolic 

function parameters (eg, decreased Eô-wave 

velocity) indicated a higher rate of diastolic 

dysfunction in the white-coat hypertensives 

than in the normotensives. In addition and in 

comparison with the true hypertensive groups, 

IVST and PWT were both higher in the white-

coat hypertensives than in the normal subjects 

but lower than those in the uncontrolled 

hypertensives. On the other hand, although the 

diastolic function was more impaired in the 

white-coat hypertensives than in the normal 

subjects, this impairment was not as high as 

that of the uncontrolled hypertensive group. In 

other words, diastolic dysfunction in the white-

coat hypertensives was somewhere in the range 

between the normotensives and the controlled 

subjects but markedly lower than that in the 

uncontrolled hypertensives.  

Therefore, a high IVST and a high rate of 

diastolic dysfunction compared with those in 

normal people can be 2 main hallmarks of 

subjects with white-coat hypertension in 

comparison with normotensives. The clinical 

importance of this issue should, however, be 

evaluated in future studies. 

It is also deserving of note that based on our 

univariate analysis, the median of cardiac mass 

in the patients with white-coat hypertension 

was significantly higher than that in the 

normotensive groups and its value was 

consistent with that among the patients with 

controlled hypertension and considerably less 

than that among those with uncontrolled 

hypertension.   

Although, after we made adjustments for sex 

and age, this difference was insignificant, the 

results of the previous studies are conflicting. 

Hernández del-Rey and colleagues 
16

 (2003) 

reported that the left ventricular mass was 

significantly greater in their patients with 

white-coat hypertension than in their other 

grade 1 to 2 hypertensive patients even after 

adjustment for age, gender, body mass index, 

and smoking. Contrarily, Rizzo et al 
15

 (1996) 

indicated that neither the left ventricular mass 

index and the left ventricular mass/height nor 

relative wall thickness was significantly high in 

white-coat hypertensives when compared with 

normotensives, but age and sex were associated 

with the left ventricular mass index, left 

ventricular mass/height, and relative wall 

thickness. In total, cardiac mass seems to be 

more affected by its own hypertension state and 

also underlying predisposing factors, which 

may be affected by patientsô gender, advanced 

age, and comorbidities. 

In conclusion, white-coat hypertension can be 

accompanied by both special functional and 

structural cardiac changesðespecially high 

IVST in tandem with diastolic dysfunction, 

which can be the major hallmarks of white-coat 

hypertension and may be associated with 

unfavorable outcomes in affected patients.  
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