
Volume 24, Issue 4  •  fall 2014
IssN: 0843-6096

Pu
bl

ic
at

io
n 

M
ai

l A
gr

ee
m

en
t #

40
05

11
82





Volume 24, Issue 4, Fall 2014  •  cccn.ca 1

Canadian Journal of
Cardiovascular
Nursing

Revue canadienne de soins
in�rmiers
cardiovasculaires

IssN: 0843-6096 Volume 24, Issue 4, fall 2014

2 Editorial Board

3 CCCN Congratulates Board of Directors Member Dorothy Morris

Article
7 Impedance Cardiography-Guided Treatment of Hypertension: A Review of the Literature

Fadi Khraim, PhD, RN, and Rodolfo Pike, RN, MN, NP



2 Canadian journal of cardiovascular nursing

Address
Canadian Council of Cardiovascular Nurses
202–300 march Road, 
Ottawa, Ontario K2K 2E2
Phone: 613-599-9210, fax: 613-595-1155
Email: david@cccn.ca

for information on content, please contact: 
Paula Price, RN, PhD, editor

for general information, please contact: 
cccnmail@cccn.ca

Publishing
The Canadian Journal of Cardiovascular 
Nursing is published four times per year 
by the Canadian Council of Cardiovascular 
Nurses (CCCN).

This is a refereed journal concerned with 
health care issues related to cardiovascular 
health and illness. all manuscripts are 
reviewed by the editorial board and 
selected reviewers. opinions expressed 
in published articles reflect those of the 
author(s) and do not necessarily reflect 
those of the Board of Directors of CCCN or 
the publisher. The information contained in 
this journal is believed to be accurate, but is 
not warranted to be so. The CCCN does not 
endorse any person or products advertised 
in this journal. Produced by Pappin 
Communications, Pembroke, ontario.

Advertising
for information on advertising,  
please see www.cccn.ca for the rate sheet 
with full technical specifications.

Yearly subscription rates*
 Canada International

Individual  $75.00

Institution $100.00 $125.00

If you become a member of CCCN for 
$75.00* (CaD) annually, you will receive your 
journal subscription at no additional charge. 

* Plus applicable taxes

Subscriptions
subscribe online at: www.cccn.ca

or send cheque or money order to:
Canadian Council of Cardiovascular Nurses
202–300 march Road, 
Ottawa, Ontario K2K 2E2

For general information, 
please contact:
david@cccn.ca

indexing
The Canadian Journal of Cardiovascular 
Nursing is indexed in eBsCo.

editor
Paula Price, RN, PhD
Calgary, aB

Associate editors
Odette Doyon, RN, med, PhD
Trois-Rivières, QC

Suzanne Fredericks, RN, PhD 
Toronto, ON

Martha Mackay, RN, PhD, CCCN(C) 
Vancouver, BC

Jo-Ann Sawatsky, RN, PhD 
Winnipeg, mB

Karen Schnell-Hoehn, RN, mN, CCN(C)
Winnipeg, mB

Heather Sherrard, RN, BscN, mHa, CHe
Ottawa, ON

Karen then, aCNP, PhD, CCN(C)
Calgary, aB

lynne e. Young, RN, PhD
Vancouver, BC

Managing editor
Heather coughlin
Pembroke, oN

layout and Design
Sherri Keller
Pembroke, oN

IssN: 0843-6096

Canadian Publications sales 
agreement No. 40051182

Canadian Journal of
Cardiovascular
Nursing

Revue canadienne de soins
in�rmiers
cardiovasculaires



Volume 24, Issue 4, Fall 2014  •  cccn.ca 3

cccN congratulates Board of Directors 
Member Dorothy Morris

Dorothy Morris, RN, 
MA, CCN(C), National 
Director for Health Pro-
motion and Advocacy for 
the Canadian Council of 
Cardiovascular Nurses 
(CCCN), and Nurse 
Educator in Coronary 
Care and Cardiovascu-
lar Intensive Care in Vic-
toria, BC, was recently 
elected to the Board of 
Directors for Hyperten-
sion Canada at its Octo-
ber 18, 2014, Annual General Meeting in Gatineau, Quebec. 
Dorothy is enthusiastic about the opportunity to serve on 
the Board of Directors for both organizations, and further 
the important efforts to reduce hypertension—the number 
one risk factor for death and disability in the world, affect-
ing more than seven million Canadians. She is also grateful 
to have the opportunity to be involved, on behalf of CCCN, 
with the Hypertension Advisory Committee. 

The Hypertension Advisory Committee represents 18 
national health care, public health and not-for-profit organi-
zations, formed to guide the development and implementa-
tion of policies and advocacy efforts to reduce the burden of 
hypertension in Canada. The group includes members rep-
resenting the Canadian Nurses Association, Canadian Med-
ical Association, College of Family Physicians and Heart 
and Stroke Foundation of Canada. The group is led by the 
Canadian Institute of Health Research (CIHR) and Heart 
and Stroke Foundation Chair for Hypertension, Dr. Norm 
Campbell from the University of Calgary, and Policy Direc-
tor, Tara Duhaney. The first policy on Restricting Marketing 
of Unhealthy Foods and Beverages to Children and Youth in 
Canada was published one year ago and is available on the 
CCCN website. Two new policies are highlighted in articles 
published in the October 2014 issue of the Canadian Jour-
nal of Cardiology: “Death by Diet: The Role of Food Pric-
ing Interventions as a Public Policy Response and Advocacy 
Opportunity” and “Health Food Procurement Policy: An 
Important Intervention to Aid the Reduction in Chronic 
Noncommunicable Diseases”.

Congratulations, Dorothy.

renew Your 2015 cccN 
Membership  today

Renew or Join CCCN before December 31, 
2014, and you will BE AUTOMATICALLY 
ENTERED INTO A DRAW for a registration to 
the 2015 Canadian Cardiovascular Conference 
(CCC) in Toronto, ON, October 24–27, 2015. 

Visit www.cccn.ca and learn about CCCN member 
benefits, upcoming events and webinars. It is easy to 
renew. Simply visit our website at www.cccn.ca and 
login, or call 613-599-9210.

Canadian Journal of Cardiovascular Nursing

congratulations to our 
2014 cccN Award Winners
cardiovascular Nursing leadership 
excellence Award 2014
Nancy Marco Buckman, University Health Network, 
Toronto, ON

cardiovascular Nursing clinical excellence 
Award 2014
Wynne Chiu, St. Paul’s Hospital, Vancouver, BC

cardiovascular Nursing research excellence 
Award 2014
Monica Parry, University of Toronto, Toronto, ON

canadian cardiovascular congress 2014 
Student Oral Presentation Award
Krystina Lewis, University of Ottawa, Ottawa, ON

canadian cardiovascular congress 2014 
Student Poster Presentation Award
Sheila O’Keefe-McCarthy, University of Toronto, Toronto, 
ON
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Abstract
Background: Hypertension occurs when regulatory mechanisms 
fail, resulting in increased cardiac output (CO) and/or increased 
systemic vascular resistance (SVR). Impedance cardiography 
(ICG) is a non-invasive technology that measures CO and SVR. 

Objective: To assess the literature related to the use of ICG in 
guiding the selection of anti-hypertensive medications in individ-
uals with hypertension. 

Design: PubMed and Cumulative Index to Nursing and Allied 
Health Literature databases were searched for pertinent litera-
ture. Only English language, primary research reports published 
between 1990 and 2014 were included.

Findings: The literature demonstrated significant reduction of 
blood pressure among participants who were treated with ICG-
guided selection of anti-hypertensive medications when compared 
to standard treatment.  

Conclusion: Although the research reviewed is not without lim-
itations (e.g., small sample sizes and small effect sizes), individ-
ualized pharmacologic treatment of uncontrolled hypertension 
based on ICG-obtained hemodynamics seems successful in reduc-
ing blood pressure. Further research within the Canadian context 
that addresses the limitations is warranted. 

Key words: impedance cardiography, hypertension, treat-
ment, hemodynamic measurement

Normal blood pressure (BP) is essential for maintaining 
adequate and effective perfusion to body tissues. In order to 
maintain normal BP, the body regulates both cardiac output 
(CO) and systemic vascular resistance (SVR) (Beevers, Lip, 
& O’Brien, 2001; Conway, 1984). The regulatory mecha-
nisms that adjust CO use one or more of the following means 
in order to control the BP: altering body fluid content, alter-
ing the heart rate, and/or altering the force of contraction. 
On the other hand, SVR is controlled by balancing the mech-
anisms of vasoconstriction and vasodilatation of blood ves-
sels. When the balance between CO and SVR is disrupted, 
BP deviates from normal leading to immediate subnormal 
tissue perfusion and gradual tissue damage. Hypertension 
(HTN) results from elevations of CO, SVR or both. SVR is 
particularly important to the evaluation of individuals with 
HTN because an increase in SVR during everyday stress may 
be implicated as a pathophysiologic mechanism (Sherwood 
& Turner, 1995). Therefore, knowledge of these hemody-
namic elements, CO and SVR, is essential for understand-
ing HTN with relation to its diagnosis and treatment. 

Background
Impedance Cardiography

Hypertension is a leading risk factor for mortality and 
morbidity caused by various cardiac and vascular diseases. 
Worldwide, it is estimated that 54% of cerebrovascular acci-
dents, 47% of myocardial ischemia, 75% of hypertensive dis-
ease, 25% of other cardiovascular disease, 13.5% of all deaths, 
and 6% of lost healthy life years are linked to HTN (Lawes, 
Vander Hoorn, & Rodgers, 2008). In a retrospective popu-
lation-based survey of Canadians in 2007–2008, Robitaille 

et al. (2012) reported that 23% of adult Canadians were diag-
nosed with HTN with about 418,000 newly diagnosed cases 
yearly. Based on trends from previous years, the authors pro-
jected that 26.5% of all Canadian adults would be diagnosed 
with HTN in 2012–2013. 

Impedance cardiography (ICG) is a non-invasive and 
safe, valid, and reliable technology that facilitates the mea-
surement of various indices of cardiac function, including 
heart rate (HR) and stroke volume (SV) (Bayram & Yancy, 
2009; Ventura, Taler, & Strobeck, 2005). Therefore, CO may 
also be derived from the HR and SV measures. Furthermore, 
simultaneous BP measurement permits the derivation of 
SVR, which allows defining the hemodynamic mechanisms 
underlying HTN.

ICG involves recording changes in thoracic imped-
ance using transmitting and sensing electrodes that are 
applied to the bases of the neck and thorax bilaterally (Ven-
tura et al., 2005) (Figure 1). The ICG device introduces a 

impedance cardiography-Guided treatment of 
Hypertension: A review of the literature
fadi Khraim, PhD, RN, and Rodolfo Pike, RN, mN, NP

Figure 1: Illustration of obtaining the hemodynamic 
measurements using ICG

Khraim, F., & Pike, R. (2014). Impedance Cardiography-Guided Treatment of Hypertension: A Review of the Literature. Canadian Journal of Cardiovascular Nursing , 
24(4), 7–12.
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high-frequency, low-amplitude alternating current through 
the transmitting electrodes. The ICG uses Ohm’s Law to 
determine the changes in thoracic fluid content based on the 
impedance (resistance) to the current that travels through 
the chest. Because of the different tissues that occupy the 
chest cavity (i.e., lungs, bone, heart, blood vessels, etc.), 
the impedance to the current travelling in the chest var-
ies. Normally, the current seeks the path with least imped-
ance, which is the fluid-filled structure; the aorta (Bayram 
& Yancy, 2009). Consequently, the sensing electrodes mea-
sure impedance associated with the pulsatile blood flow in 
the aorta that occurs during the cardiac cycle. As the tho-
racic blood volume changes due to systole and diastole, a 
fluctuation of the measured impedance occurs. This fluctu-
ation allows for measurement and calculation of the hemo-
dynamic variables of interest such as the SV, CO, myocardial 
contractility, and total fluid content (Mathews, 2007). These 
hemodynamic measures would normally require expensive 
and invasive techniques that can be done only in the intensive 
care setting. The ability of the ICG to provide such valuable 
hemodynamic measures in the office setting is key in devel-
oping medication treatment protocols tailored according to 
the hemodynamic mechanisms of HTN (Bayram & Yancy, 
2009; Ventura et al., 2005). Therefore, the aim of this report 
is to review the available literature related to the use of ICG-
guided selection of anti-hypertensive medications in individ-
uals with hypertension.

Methods
PubMed and Cumulative Index to Nursing and Allied 

Health Literature (CINAHL) databases were searched for 
available literature related to the use of ICG-guided selection 
of anti-hypertensive medications in individuals with hyper-
tension. To capture all possible literature in this area, a com-
bination of the following key words was used in the search: 
impedance cardiography, hypertension, and treatment. The 
search was limited to English language, and original research 
published between January 1990 and April 2014. Following 
examination of the titles and abstracts of the identified liter-
ature, only reports of clinical studies that examined the out-
comes of using ICG-guided treatment of hypertension were 
included. Duplicate reports, clinical case reports, editorials, 
and clinical reviews were excluded.

results 
The literature search resulted in 96 articles of which 10 

reports met the inclusion criteria for the review. The reports 
included in this review were of studies that compared the 
effectiveness and advantages of using ICG-guided selection 
of anti-hypertensive medications in patients with uncon-
trolled hypertension with treatment that used standard 
guidelines for selection of anti-hypertension medication. 
The studies originated from Poland, Romania, Japan, and the 
United States. Of the 10 reports, nine compared the clinical 
outcomes (e.g., changes on BP) (Table 1) and one explored 

table 1: Summary of Studies and its results for Using icG-guided treatment vs. Standard treatment

Author Design Sample 
characteristics

intervention Key results

sramek et 
al. (1996)

• one group pre-
test & post-test

• 3 weeks treatment 
program

• N=322
• Uncontrolled 

HTN (maP ≥ 105, 
treated with 
≥ 2 anti-HTN 
medication)

• selection of anti-HTN medication based 
on ICG- obtained hemodynamics as 
suggested by the ICG device (algorithm 
not explained)

• 63% achieved normotensive status 
(defined as maP<105)

Taler et al. 
(2002)

• Randomized 
clinical trial

• 3 months 
treatment 
program

• ICG group (n=50) 
& specialist-care 
group (n=54)

• Uncontrolled 
HTN (BP> 140 
when taking ≥2 
medication)

ICG group:
• for low Co and/or high sVR:

• add/increase VD
• Discontinue or reduce agents that 

lower CO
• for high Co and/or low sVR:

• add/increase BB or Csa
• Reduce or discontinue VD

• High TfC (every visit):
• add or increase diuretic

• The use of ICG significantly (p<0.01) 
reduced BP in the ICG-care group when 
compared with the specialist-care 
group  (169±3/87±2 to 139±2/72±1 mm 
Hg and 173±3/91±2 to 147±2/79±1 mm 
Hg, respectively)

sharman et 
al. (2004)

• Retrospective 
chart review

• Treatment of HTN 
using ICG during 
a minimum of 
3 months and 3 
visits.

• N=21
• Uncontrolled 

HTN (BP≥ 140/90, 
and taking 2 or 
more anti-HTN 
medications)

• used the algorithm described in Taler et 
al. (2002)

• Compared to entry BP measures, the 
use of ICG reduced sBP (142 vs.157, 
p<0.05)

• Reduction in DBP was not statistically 
significant

continued on page 9…

Impedance Cardiography-Guided Treatment of Hypertension: A Review of the Literature
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smith et al. 
(2006)

• multi-centre 
randomized 
clinical trial

• 3 months with 5 
visits treatment 
program

• ICG group 
(n=69) & control 
group (n=95)

• Uncontrolled 
HTN (BP= 140-
179/ 90-109, 
and taking 
1-3 anti-HTN 
medications)

ICG-care group: 
• low/normal  Co and high sVR:
• add or increase aCeI, aRB, CCB, or VD
• Reduce BB
• high Co and  normal sVR:
• add or increase BB or Csa
• reduce VD
• High fluid content (every visit):
• add or increase diuretic

• Compared to their baseline measures, 
the use of ICG significantly (p<0.05) 
reduced BP in the ICG-care group when 
compared with the standard treatment 
group:

• sBP 19±17 vs 11±18 mmHg, and DBP 
(12±11 vs 5±12 mmHg)

sramek et 
al. (2008)

• one group pre-
test & post-test

• 3 months 
treatment 
program

• N=56
• Uncontrolled 

HTN

• selection of anti-HTN medication 
according to ICG- obtained 
hemodynamics:
• Diuretics for hypervolemia
• Negative inotropes for hyperinotropy
• VD, aCeI, or aRB for vasoconstriction

• 84% achieved normotensive status (not 
defined)

aoka (2009) • one group pre-
test & post-test

• 4.7± 4.3 months 
treatment 
program (average)

• N=113
• Uncontrolled 

HTN

• selection of anti-HTN medication 
according to ICG- obtained 
hemodynamics (not defined)

• 72% achieved target BP reduction 
(<140/90)

Krzesinski 
et al. (2012)

• Two groups pre-
test & post-test

• Both office-based 
and ambulatory 
BP measurements 
were performed

• 3 months 
treatment 
program

• Untreated 
primary HTN 
or treated but 
Uncontrolled  
HTN

• Random 
assignment: 
ICG-guided 
treatment 
group (n=41) 
& standard 
treatment group 
(n=34)

ICG-care group:
• If Co is high, BB was given.
• If TfC is high, a thiazide diuretic is given.
• If sVR is high, aCeI or aRB is given 

(in combination with CCB if sVR was 
significantly high)

• In case of  complex hemodynamic 
disturbances, drug combinations were 
given

• If 24-hour BP > 140/90, then aCeI/aRB 
(in a & b) or a diuretic (in c) is added

• The use of ICG significantly (p<0.05) 
reduced BP in the ICG-guided 
treatment group when compared with 
the standard treatment group for the 
following:

• office sBP 18.1±12.8 vs 10.7±11.7 mmHg, 
and DBP (12.2±7.2 vs 8.9±8.8 mmHg)

• ambulatory 24-hour sBP (16.7±9.3 vs 
10.5±11.9 mm Hg)

• ambulatory 24-hour sBP (16.7±9.3 vs 
10.5±11.9 mm Hg)

• ambulatory day-time sBP (10.5±11.7 vs 
17.2±10.1 mm Hg)

aoka et al. 
(2013)

• one group pre-
test & post-test

• eight weeks 
treatment plan

• Untreated 
primary HTN 
(BP≥140/90):

• High Co group 
(n=17)

• High sVR group 
(n=24)

• High Co group were BB (atenolol)
• High sVR were given long-acting CCB 

(controlled release nifedipine)

• Treatment with BB for high Co group 
and with CCB for high sVR reduced 
blood pressure equally (average 
reduction in BP was 12.5±7.8 mmHg and 
15.6±13.3 mmHg, respectively

Krzesinski 
et al. (2013)

• Two groups pre-
test & post-test.

• 3 months 
treatment 
program

• Untreated 
primary HTN 
or treated but 
uncontrolled  
HTN (BP> 140 
when taking 1 or 
2 medications)

• Random 
assignment: 
ICG-guided 
group (n=44) 
& standard 
treatment group 
(n=47)

• used the algorithm described in 
Krzesinski et al. (2012)

• The use of ICG significantly (p<0.05) 
reduced BP in the ICG-guided group 
when compared with the standard 
treatment group 12 weeks after 
treatment

• office sBP reduction was (131.6±11.4 vs. 
136.12±12.0 mmHg) and DBP (83.7±6.7 vs. 
87.0±7.1 mmHg)

• ambulatory night time sBP reduction 
(117.2±9.8 vs 121.3±9.5 mmHg), and sBP 
(68.4±6.4 vs. 71.9±7.2 mmHg)

HTN= hypertension, sBP= systolic blood pressure, DBP=diastolic  blood pressure, ICG= impedance cardiography, Co= cardiac output, 
sVR= systemic vascular resistance, TfC= total fluid content, maP= mean arterial pressure, CCB= calcium channel blocker, BB=β-blocker, 
VD=vasodilator, aCeI=angiotensin converting enzyme inhibitor, aRB=angiotensin  receptor blocker, Csa= central sympathetic agonist

…continued from page 8
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the short- and long-term cost-effectiveness of using ICG-
guided treatment of uncontrolled HTN compared to using 
standard treatment (Ferrario & Smith, 2006). Furthermore, 
three of the reports were conference abstracts. The confer-
ence abstracts by Sramek, Tichy, Hojerova, and Cervenka 
(1996) and Sramek, Badila, Bartos, Tirziu, and Ghiorge 
(2008) did not publish subsequent full research reports that 
could have provided additional data related to the studies.

Methodological Approaches
The methodological approaches of the studies were varied. 

All studies were prospective except for the study by Sharman, 
Gomes, and Rutherford (2004) who used a retrospective 
chart review design. Five studies used quasi-experimental 
designs (one-group pre-test post-test design) (Aoka, 2009, 
Aoka, Hagiwara, & Kasanuki, 2013; Sharman et al., 2004; 
Sramek et al., 2008; Sramek et al., 1996). The other four stud-
ies were randomized clinical trials with two-group (an ICG-
guided treatment group and a control group) pre-test post-test 
designs (Krzesinski, Gielerak, & Kowal, 2013; Krzesinski, 
Gielerak, Kowal, & Piotrowicz, 2012; Smith, Levy, & Ferrario, 
2006; Taler, Textor, & Augustine, 2002) with only Smith et 
al. (2006) being a multicentre study. The sample sizes of the 
individual studies were varied (Table 1). The smallest sample 
size used was reported by Sharman et al. (2004) (N=21) and 
the largest was by Sramek et al. (1996) (N=322), where the 
authors reported using random sampling.

Office-based BP measurement was used to assess partici-
pants’ BP changes in all studies. In addition, Krzesinski et al. 
(2012) and Krzesinski et al. (2013) reported using ambula-
tory BP measurement, in which participants wore ambulatory 
devices that measured their BP within specified intervals daily 
throughout the study period. Moreover, the studies demon-
strated a wide variation of follow-up periods for their partici-
pants ranging from three weeks to 18 months. The follow-up 
periods often included several visits to the clinic where BP, 
ICG, and other biophysiologic measures were taken. The meth-
odological variations and similarities are described in Table 1. 

Treatment protocols. The various ICG-guided treatment 
protocols that were reported in the studies are described in 
Table 1. Whenever a standard treatment protocol was pre-
scribed to participants, it was based on local, national, or 
regional clinical practice guidelines for the treatment of HTN 
in the country where the study was conducted.

Outcomes of the Studies
Blood pressure reduction. Overall, all of the studies 

reported significant reduction in BP among participants 
treated with ICG-guided selection of anti-hypertensive medi-
cations compared to those treated using standard HTN treat-
ment protocols. All reports further demonstrated that a higher 
percentage of participants treated with ICG-guided anti-hyper-
tension treatment protocols achieved the target BP reduction 
compared to those treated with standard treatment guidelines. 
The randomized clinical trials reported insignificant baseline 

differences in attributes such as BP. Nonetheless, at the con-
clusion of the follow-up periods, significant reductions of BP 
were noted in the ICG-guided groups compared to the con-
trol groups. For example, Taler et al. (2002) reported that at 
the conclusion of the study all participants had lower BPs than 
their baseline. Taler et al. (2002) further maintained that those 
in the ICG-guided group (n=50) had significantly greater BP 
reduction than those assigned to the control group (n=54) 
(BP: 139/72 mmHg vs 147/79 mmHg, respectively; p<0.05). 
The other randomized clinical trials obtained similar results. In 
those studies, the authors reported achieving the desired BP 
reduction among 57%-84% of study participants following the 
initiation of the ICG-guided protocol of selecting anti-hyper-
tensive medication. Table 1 provides a summary of the main 
findings pertaining to BP reduction in all studies.

Cost-effectiveness. Ferrario & Smith (2006) used data col-
lected from another related study (Smith et al., 2006) to esti-
mate the short- and long-term cost-effectiveness of ICG-guided 
treatment among participants with uncontrolled HTN. Cost-ef-
fectiveness was defined as the incremental cost (i.e., office visits, 
medications, ICG testing, etc.) per incremental reduction of 
SBP or DBP measured by mm Hg during the trial. The investi-
gators reported that, when compared to standard treatment that 
used predefined HTN treatment protocols based on national 
guidelines (n=95), ICG-guided treatment of HTN (n=69) sig-
nificantly reduced costs (p<0.05). The short-term cost-effec-
tiveness of using ICG-guided treatment among patients with 
uncontrolled HTN was $20 per incremental reduction of SBP 
measured by mm Hg (vs $36 for standard care) and $23 per 
incremental reduction DBP measured by mm Hg (vs $79 for 
standard care). The estimated long-term cost-effectiveness for 
using ICG-guided treatment was $476 in savings and 0.109 
quality-adjusted life-years gained per patient (amounts are in 
U.S. dollars). The authors further reported that treating 9.2 
patients with ICG would result in one year of life saved.

Discussion
ICG is a non-invasive technology that is becoming increas-

ingly useful in hemodynamic patient monitoring. It offers 
the health care provider measurements of important cardiac 
hemodynamics and, therefore, can facilitate the process of 
medication selection for individuals with HTN (Ventura et al., 
2005). This report provides a review of studies that assessed 
the use of ICG-guided selection of anti-hypertensive medi-
cations among patients with uncontrolled HTN. The designs 
of the studies were varied; hence, influencing their inability 
to assess causal relationships. Of the reports reviewed, only 
four were of randomized clinical trials. Randomized clinical 
trials are the research ‘gold standard’ when the aim is to infer 
causality. This is because of random assignment of participants 
to either the intervention or control group which makes any 
differences that appear in the post-test a result of the interven-
tion rather than a possible difference between the two groups 
(Campbell & Stanley, 1966).  Consequently, randomized 
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clinical trials are superior in their ability to produce gener-
alizable results compared to studies that used quasi-experi-
mental designs. Therefore, the lack of significant differences 
of participants’ baseline characteristics in the ICG-group and 
the control group in the randomized clinical studies contrib-
uted to the convincing nature of the evidence. 

Literature related to HTN control demonstrated that even 
a modest sustained reduction in BP (5-6 mmHg) was asso-
ciated with 20–40% reduction in stroke, coronary heart dis-
ease, and major cardiovascular events (Collins et al., 1990). 
A later meta-analysis of 147 trials on the benefits of using var-
ious drug therapies to reduce BP among patients with HTN 
reported comparable results (Law, Morris, & Wald, 2009). 
In this meta-analysis, the authors reported that lowering sys-
tolic BP by 10 mmHg or diastolic BP by 5 mmHg using any of 
the main classes of BP-lowering medications was associated 
with 20% reduction in coronary heart disease events, 32% 
reduction in stroke, and 25% reduction in heart failure. This 
further highlights the potential advantage of ICG-guided 
treatment of uncontrolled HTN as an effective approach to 
reduce mortality and morbidity among patients with HTN.

Nurses play a pivotal role in blood pressure management 
of patients diagnosed with HTN. Their role is particularly 
emphasized with patient education related to attaining a 
healthy lifestyle including weight management, dietary 
sodium restriction, exercise, smoking cessation, alcohol 
reduction, stress management, and monitoring for med-
ication compliance in order to achieve BP control. ICG, a 
non-invasive tool, can be easily used by nurses to obtain data 
about the hemodynamics of patients with HTN. Nurses can 
identify altered hemodynamics and alert members of the 
health care team about the findings, allowing health care pro-
viders to use ICG-guided medication selection in order to 
optimize BP control. For advanced practice nurses, such as 
nurse practitioners, they can use ICG to assist with their own 
clinical decision-making to guide antihypertensive therapy.

The reviewed reports demonstrated that ICG-guided med-
ication selection for uncontrolled HTN appears beneficial in 
lowering BP more effectively than standard treatment pro-
tocols. Standard treatment protocols that are based on local, 
national, or regional clinical practice guidelines are criticized 
because they often lack specific guidelines for the treatment 
of uncontrolled HTN (Al-Ansary et al., 2013). These guide-
lines are also criticized for being dissimilar and inconsistent 
with regard to the selection of first line anti-HTN medication 
classes of pharmacological therapy, the adjustment of ther-
apy itself, and inconsistency related to using a combination of 
anti-HTN medications (Al-Ansary et al., 2013). On the other 
hand, the success in lowering BP among participants treated 
with ICG-guided medication selection may theoretically be 
explained by the individualization of the treatment protocol 
based on the hemodynamic mechanism causing HTN. The 
individualized treatment protocol allows the health care pro-
vider to tailor and then to adjust the pharmacological therapy 

to target the hemodynamic mechanisms (CO and SVR) 
underlying high BP (Aoka et al., 2013; Ventura et al., 2005). 

While using a randomized clinical design is a major strength 
of some of the studies, the relatively small sample sizes and 
small effect sizes of these studies are limitations. Cohen’s 
(1992) formula to calculate the effect size for BP reduction in 
those studies was used (i.e., the difference between two means 
divided by a standard deviation for the data). The effect sizes 
for three of the randomized clinical trials ranged from 0.39 to 
0.61 (Krzesinski et al., 2012; Krzesinski et al., 2013; Smith et al., 
2006). According to Cohen (1992), an effect size that is less 
than 0.8 is considered either small or medium. Therefore, it is 
plausible that the statistically significant reductions of BP in 
those studies were not a reflection of true effect of using ICG 
as a part of the HTN treatment protocol (Button et al., 2013). 
When this occurs, it weakens the reliability of those studies 
and reduces the generalizability of their results. On the other 
hand, the calculated effect sizes of the BP reductions in the 
study conducted by Taler et al. (2002) were extraordinarily 
large (effect sizes ranged between 4.0–7.0, N=104). Such very 
large effect sizes were mainly due to lack of BP variability (i.e., 
small standard deviations) in this study. The surprisingly low 
variability in BP was neither explained in the report by Taler et 
al. (2002), nor could it be explained in light of the other stud-
ies reviewed in this report or according to other literature relat-
ing to BP variability among patients with HTN (Hansen et 
al., 2010; Pierdomenico et al., 2006). It is notable to mention 
that the definition of “uncontrolled hypertension” (primarily, 
a BP ≥ 140/90 mm Hg and taking one or more medication) 
that was used in five of the studies was similar to the definition 
endorsed in the literature (Calhoun et al. 2008).

The only study that compared the cost-effectiveness of 
using ICG-guided to standard-care treatment of uncon-
trolled HTN reported significant advantages for using ICG. 
However, it is important to note that this study explored the 
projected long-term cost-effectiveness of using ICG-guided 
treatment and not the actual costs associated. So, more 
research that focuses on the actual cost-effectiveness of using 
ICG-guided treatment is warranted. 

conclusion
ICG technology potentially offers health care providers, 

such as advance practice nurses and physicians, the needed 
tools to make individualized decisions related to the selection 
of effective anti-hypertensive medication based on the hemo-
dynamic mechanism underlying HTN. The literature reviewed 
demonstrated that the use of ICG-obtained hemodynamics 
in guiding the selection of medication to treat patients with 
uncontrolled HTN has potential effectiveness and advan-
tage over conventional clinical practice guidelines. In Can-
ada, HTN is a leading risk factor for mortality and morbidity. 
Despite the existence of evidence from other nations (i.e., U.S., 
Japan, Poland, and Romania), literature in the area using ICG 
to guide treatment of HTN originating from Canada is lacking. 
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ICG-guided treatment for Canadians with uncontrolled HTN 
appears promising. However, the authors believe that the effec-
tiveness and advantages of using ICG-obtained hemodynam-
ics in tailoring medication therapy to reduce BP need to be 
examined first given the identified limitations of the evidence 
presented and based on the process by which Canadian HTN 
treatment guidelines are revised. The authors believe that ICG 
is going to have a great impact on the health outcomes among 
Canadians treated for HTN.	 ♥
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