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Dear Readers,

It is our pleasure to present before you the 10th issue of PRIME—“Perfusion-
Related Insights - Management and Evidence”—a quarterly scien�fic newsletter 
that offers current reviews, guidelines, and specialist experiences with regard to 
perfusion strategies.

The current issue brings to you five interes�ng ar�cles under the sec�on "Review 
Ar�cles." Does the ultrafiltra�on technology help in conserving blood during 
cardiac surgery? How can you detect myocardial perfusion impairments in 
pa�ents with uncomplicated type 2 diabetes mellitus at an early stage? What are 
the complica�ons associated with con�nuous-flow le� ventricular assist device? 
How can red blood cell transfusions in cardiac opera�ons be reduced? How can the 
risk of developing neurological complica�ons post cardiac surgery be iden�fied? 
Get answers to these ques�ons and a lot of insigh�ul informa�on through our 
ar�cles under Sec�on I.

Sec�on II will provide you a though�ul take of our experts with examples of two 
case studies. Guidelines for maintaining the ins�tu�on-specific protocols and 
perfusion records, along with blood management are covered in Sec�on III. 
Sec�on IV contains latest updates with regards to associa�on of kidney injury with 
cardiac surgery. Finally, we have Sec�on V to keep you engaged with an interes�ng 
quiz.

We hope that you will enjoy reading our informa�ve newsletter.  We look forward 
to receive your valuable feedback, comments, and sugges�ons to help us work 
better on the future issues.
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SECTION 1

Use of Ultrafiltration as a Blood Management Technique in Cardiopulmonary Bypass

Introduc�on

Methods

In cardiac surgery, ultrafiltra�on presents as a standard 
technique to filter out the excess water. Ultrafiltra�on 
applies hydrosta�c forces to remove the plasma water 
directly across a semipermeable membrane, and thereby 
reverses the process of hemodilu�on. It helps in the 
eradica�on of small molecules, such as water and 
electrolytes, whereas large molecules, like blood cells and 
proteins, remain preserved and concentrated. 

The benefits of ultrafiltra�on include:

• Minimizing the adverse effects of hemodilu�on, such 
as �ssue edema and blood transfusion

• Concentrating the blood and enabling blood 
management

• Decreasing the extravascular lung water

• Reducing the circulatory inflammatory mediators

• Improving the neurologic outcome

• Raising the hematocrit/hemoglobin

• Improving hemostasis

Conventional ultrafiltration works by successfully 
removing the fluid, and returning much of it in the form of 
crystalloids, thereby maintaining the circula�ng volume 
during cardiopulmonary bypass (CPB). Maningding JC et al. 
conducted a compara�ve study in 20 pa�ents to analyze 
the effect of conven�onal ultrafiltra�on during CPB. 

The pa�ents were randomly assigned into two groups: 
group A consisted of 10 pa�ents who underwent cardiac 
surgery with CPB and conven�onal ultrafiltra�on, and 
group B consisted of 10 pa�ents who underwent cardiac 
surgery with conven�onal CPB.

Results 
The study results showed an increase in the hemoglobin 
(Hb) value postopera�vely in group A, as compared to 
group B (Figure 1). Also, the crystalloids (nonblood liquid) 
added during CPB were significantly higher in group A 
versus group B (Figure 2).
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Reference: Maningding JC. Will the use of ultrafiltra�on during bypass reduce blood transfusion compared to conven�onal bypass? [Internet] Available at: 
http://schoolofperfusion.au.dk/fileadmin/Perfusionistskolen/John_Carlo_Maningding.pdf. Accessed on May 11, 2018.
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Ultrafiltration helps to increase the Hb values in patients during a CPB procedure.

Figure 1: Effect of ultrafiltra�on on Hb values
Hb
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Figure 2: Effect of ultrafiltra�on on crystalloids
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Use of Computed Tomography Myocardial Perfusion Imaging for Early Detec�on 
of Myocardial Perfusion Impairments in Pa�ents with Uncomplicated Type 2 

Diabetes Mellitus

Introduc�on 

Methods

Silent myocardial ischemia is commonly present in pa�ents 
with diabetes without coronary artery disease (CAD).
Early detec�on of myocardial ischemia is very important in 
this population to reduce mortality. Multidetector 
computed tomography (MDCT), with a combina�on of 
coronary computed tomography angiography (CCTA) and 
computed tomography myocardial perfusion imaging 
(CTP), helps to simultaneously investigate coronary 
anatomy, cardiac func�on, and myocardial perfusion.
Cai X et al. conducted a prospec�ve study to evaluate, for 
the very first �me, myocardial perfusion at rest in pa�ents 
with uncomplicated type 2 diabetes mellitus (T2DM) by 
using a 320-MDCT. 

The study included a total of 34 subjects with 544 
myocardial segments; 17 of which had uncomplicated 

T2DM with no significant coronary artery stenosis on 
and 17 were healthy controls. The transmural perfusion 
ra�o (TPR) was used to analyze myocardial perfusion. 

Results
The TPR of 16 myocardial segments was observed 
decreased in the T2DM group, as compared to the c
group, with significant reduc�ons (p < 0.05) found 
the TPR of segments 5, 7, 9, and 10 to 14 (Figure 1).

The overall mean TPR was found to be 1.14 ± 0.01 
control group and 1.07 ± 0.01 in the T2DM gr
p < 0.001 (Figure 2).

Reference: Cai X, Zhang S, Deng D, Li H, Guan X, Fang J, et al. Myocardial perfusion at rest in uncomplicated type 2 diabetes pa�ents without coronary 
disease evaluated by 320-mul�detector computed tomography. Medicine. 2018;97:5(e9762).

CO
NC

LU
SI

ON A 320-MDCT, using a combination of CCTA and CTP, presents as a comprehensive screening tool 
patients with T2DM for early identification of cardiovascular complication and provides long-term 
prognostic information for patients with T2DM.

Res�ng myocardial perfusion changes
can be detected prior to the development of 

cardiac morphology and func�onal 
abnormali�es in pa�ents with T2DM without 

CAD by using a 320-MDCT.

Figure 1: Comparison of TPR distribu�on of 16 segments between 
the study groups
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Reference: Truby LK, Takeda K, Farr M, Beck J, Yuzefpolskaya M, Colombo PC, et al. Incidence and impact of on-cardiopulmonary bypass vasoplegia during heart 
transplanta�on. ASAIO J. 2018 Jan/Feb;64(1):43–51.
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ON This study concluded that BTT with CF-LVAD is a significant risk factor for the development of vasoplegia. 
Vasoplegia was seen in around 16% of the HT recipients during the CPB run, and resulted in significant 
post-transplant mortality.

Heart Transplanta�on Associated On-Cardiopulmonary Bypass Vasoplegia

Introduc�on

Methods

Results

For patients with end-stage heart failure, heart 
transplanta�on (HT) is the only reliable therapy. However, 
due to less organ availability, there are low annual 
transplants and long waitlist periods. A con�nuous-flow 
le� ventricular assist device (CF-LVAD) poses as a “bridge-
to-transplant” (BTT), improving both quan�ty and quality 
of life in pa�ents awai�ng transplanta�on. 

One of the complica�ons associated with the CF-LVAD 
transplant is vasoplegia. Vasoplegia is marked by arterial 
hypotension and a low systemic vascular resistance (SVR). 
It leads to problems in up to 15% of cardiopulmonary 
bypass (CPB) cases. It is known to cause delayed 
extuba�on, increased bleeding issues, prolonged intensive 
care unit stay, and multisystem organ dysfunction, 
ul�mately resul�ng in increased mortality. This study was 
conducted to iden�fy the prevalence of on-CPB vasoplegia 
and its impact on post-transplant morbidity and mortality.

A retrospec�ve review of 138 HTs in pa�ents aged 18 years 
and above was conducted, with the primary post-
transplant outcome of interest as 30-day survival. A total of 
85 pa�ents underwent transplanta�on using a CF-LVAD, 
with an increasing propor�on each year.

Around 16% of the patients developed on-bypass 
vasoplegia. The mean SVR during each bypass run was

5695 dynes s/cm  in vasoplegic pa�ents, as compared to 
5983 dynes s/cm  in nonvasoplegic pa�ents (Figure 1).

Also, the on-bypass hypotension with a median mean 
arterial pressure (MAP) was found to be 58.4 mmHg in 
vasoplegic pa�ents, whereas it was 64.4 mmHg in 

nonvasoplegic pa�ents (p < 0.001) [Figure 2]. A 30-day 
survival was observed to be 86.4% in vasoplegic pa�ents 
and 99.1% in nonvasoplegic pa�ents (p = 0.001) [Figure 3].

Figure 1: Comparison of the mean SVR during CpB

Figure 2: Comparison of MAP during CPB

Figure 3: Comparison of a 30-day survival between the study groups
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Blood Management in Adult Cardiac Opera�ons

Introduc�on

Methods 

Bleeding and allogeneic transfusion are the major 
problems associated with open-heart surgical procedures. 
The risks carried by blood products include immunologic 
sensitization, anaphylactic reaction, and disease 
transmission. The use of practical, evidence-based 
strategies is important to op�mize blood transfusion. 
Pa�ent blood management programs employing mul�ple 
combined strategies help to minimize unnecessary 
exposure to blood transfusions. This retrospec�ve study 
analyzed the use of a structured blood management 
program in reducing transfusions and transfusion-related 
complica�ons during adult cardiac surgery. 

Over a period of 12 months, the study evaluated
243 patients who underwent cardiac surgery with 
card iopu lmonary bypass  (CPB),  a long  with an  
implementa�on of a new blood management program 
(Group 1: Blood conserva�on) and 275 pa�ents with no 
blood conserva�on (Group 2: Control). In the blood 
management program, the bypass circuit was asep�cally 
assembled using a low-prime integrated oxygenator and 
reservoir, along with a Terumo System 1 pump console.

On the contrary, the control group consisted of a 
conven�onal oxygenator and reservoir. The sta�c prime 
volume for the circuit was approximately 250 mL for Group 
1 and 450 mL for Group 2.

Reference: Budak AB, McCusker K, Gunaydin S. A cardiopulmonary bypass based blood management strategy in adult cardiac surgery. Heart Surg Forum. 2017 Oct 
24;20(5):E195–8.
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Blood management programs implementing multiple strategies help to prevent the undesirable clinical 
outcome associated with transfusion of RBCs during CPB in the adult population.

Results
The study showed that around 56% pa�ents in the control 
group were transfused with red blood cells (RBCs),
as compared to 29.2% in the blood conserva�on group
(p < 0.01) [Figure 1]. 

Similarly, the blood transfusion rate (1.7 ± 1 vs. 3.05 ± 1 units), 
postopera�ve hemorrhage (545 ± 50 vs. 775 ± 55 mL), 
respiratory support dura�on (12.4 ± 7 vs. 16.8 ± 8 h), and 
ICU stay (2.2 ± 1.1 vs. 3.5 ± 1.2 days) were found to be 
significantly better in the blood conserva�on group, as 
opposed to the control group.

A well-structured blood conserva�on
program helps to reduce the RBC

transfusions, without compromising
on pa�ent safety.

Figure 1: Prevalence of blood transfusions
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Monitoring of Cerebral Perfusion in Adult Pa�ents Undergoing Cardiac Surgery

Introduc�on

Methods

Strokes associated with adult cardiac surgery cause 
dangerous neurocogni�ve complica�ons, which o�en 
remain undetected in the periopera�ve period. The 
tradi�onal strategies to monitor periopera�ve altera�ons 
may not be able to uncover the acute changes in the 
cerebral perfusion, and thus makes it difficult to attain an 
op�mal cerebral perfusion. Noninvasive cerebral oximetry 
monitoring may help clinicians to detect and respond to 
changes in perfusion. Slater T et al. conducted a feasibility 
check of noninvasive cerebral oximetry monitoring into 
the postopera�ve care environment.

A total of 37 adult pa�ents above 18 years of age and 
undergoing aor�c valve surgery (with or without other 

Results
Around 94% of the pa�ents underwent postopera�ve 
cerebral oximetry monitoring. Nurses completed the 
evalua�on of 97% of the pa�ents using cerebral oximetry 
monitoring. All the nurses who used the monitoring 
system to evaluate pa�ents agreed that it was easy to
use (Figure 1). 

cardiac surgeries) were subjected to noninvasive cerebral 
oximetry monitoring over the 4-month project period. 

Reference: Slater T, Stanik-Hutt J, Davidson P. Cerebral perfusion monitoring in adult pa�ents following cardiac surgery: An observa�onal study.
Contemp Nurse. 2017 Dec;53(6):669–80.
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ON This study concluded that a standardized procedure like noninvasive cerebral oximetry monitoring can 
help the clinicians to early detect and lessen the risks of developing the neurocognitive decline in the 
postoperative period following cardiac surgery. It, thus, helps in improving the quality of care for such 
patients.

Figure 1: Responses of nurses on cerebral oximetry monitoring
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Transporting a patient with ECMO support to the tertiary level ICU is safe and has a positive impact on the 
patient's outcome.

SECTION 2

Contributed by: Mr. Elayaraja, Manipal Hospital, Bangalore

Extracorporeal Membrane Oxygena�on - A Unique Case Experience

Introduc�on

Case

Pa�ents requiring extracorporeal membrane oxygena�on 
(ECMO) are o�en transferred from one center to another. 
The ECMO to ECMO transfer can be done via roadways or 
airways. Interhospital transports on ECMO can be 
performed safely; however, in case of cri�cally ill pa�ents 
on mul�-modal organ support, such transport is risky and 
requires strict adherence to protocol format. 

A 23-year-old man was presented with the complaints
of dyspnea, fever, chest discomfort, diarrhea, and extreme 
weakness. The patient developed these symptoms
3 weeks ago during his visit to India. He had a history
of scleroderma and Raynaud's disease for 3 years.
The pa�ent's examina�on revealed tachycardia, systolic 
blood pressure of 80 mmHg, and ST-segment eleva�on in 
leads V2–V5 on electrocardiogram. The echocardiography 
imaging showed global le� ventricular (LV) hypokinesia, 
severe LV dysfunc�on (EF = 15%), severe right ventricular 
dysfunc�on, and restric�ve filling pattern. The pa�ent was 
admitted to cardiac intensive care unit (ICU) and was given 
inotropic support and oxygen therapy. His laboratory 
inves�ga�ons of cardiac biomarkers were abnormal.
The pa�ent's coronary angiogram revealed mild coronary 
artery disease. In view of hypotension, intra-aor�c
balloon pump was inserted through the le� femoral artery, 
and the pa�ent was kept on inotropic support. However, 
the pa�ent's condi�on deteriorated with persistent 
hypotension. Therefore, the cardiac team decided to 

provide the ECMO support; and ECMO transport via road 
was ini�ated. 

Important factors, such as logis�c, geographical factors, 
transport vehicle, personnel, and equipment, were 
considered in the planning of ECMO transport. The ECMO 
procedure was initiated under local anesthesia.
The pa�ent was sedated and given an an�coagulant.
The 17 Fr Medtronic femoral arterial cannula and 21 Fr 
Medtronic femoral venous cannula were placed in the 
femoral artery and femoral vein, respec�vely. For the distal 
limb perfusion, a 10 Fr DLP cannula was introduced into 
the superficial femoral artery. Primed MAQUET EXTRA 
CORPOREAL MEMBRANE OXYGENATOR - the ECMO 
machine was connected to the cannula. A�er hemostasis 
was confirmed, cannulas were secured to the skin at 
mul�ple sites and groin incision was closed. The pa�ent 
was then shi�ed to the original center. At this center, the 
pa�ent was admitted to the cardiac ICU, and inotropic 
support was readjusted. Meanwhile, the pa�ent was 
diagnosed with myocardi�s and given intravenous IgG 
therapy for 7 days. On the 6th day, the ventricular func�on 
gradually recovered to normal. Magne�c resonance 
imaging showed maintained LV systolic func�on, mild LV 
hypertrophy, and no LV ou�low tract obstruc�on; while 
cardiac magne�c resonance showed no evidence of 
infarc�on, inflamma�on, or infiltra�ve cardiomyopathy.
At the �me of discharge, the pa�ent was hemodynamically 
stable. There were no complica�ons occurred during 
device implanta�on as well as during pa�ent transport.

Methods 
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Simultaneous Controlled Upper and Lower Body Perfusion

Modifica�on of rou�ne cardiopulmonary bypass circuits 
has been shown to improve simultaneous upper body and 
lower body perfusion and reduces the circulatory arrest, 
deep hypothermia, and perfusion-related risk in the 
complex aor�c debranching procedure.

A 22-year-old female presented with a clinical history
of Takayasu's aortoarteritis and aortic aneurysm.
The involvement of aorta, severe aor�c regurgita�on, 
annuloaor�c ectasia, le� caro�d and subclavian artery 
stenosis were also observed. The Bentalls procedure,
arch debranching, and arch replacement (Elephant Trunk 
Fashion) were recommended to the pa�ent.

For upper body circula�on, Dedico d905 oxygenator
with an extra-arterial pump was used for circuit setup; 
whereas for lower body perfusion, a 22 Fr Medtronic 
cannula was used (Figure 1). While for bilateral cerebral 
perfusion, 14-mm and 7-mm gra�s were used. For upper 
body circula�on, blood flow and perfusion pressure were 

2maintained at 0.8–1.0 lit/min/m  and 40–50 mmHg, 
respec�vely. For lower body circula�on, blood flow

Case 

Method and perfusion technique used

2and perfusion pressure were 1.6–2.0 lit/min/m  and
60–80 mmHg, respec�vely. A hypothermic blood coronary 
os�al with St. Thomas solu�on was used for myocardial 
protec�on. Arch reconstruc�on was done in the Elephant 
trunk fashion using a 28-mm Dacron gra�. Branch gra�s of 
14 mm and 7 mm were used for innominate and le� 
common caro�d arteries, respec�vely. On the 3rd day 
a�er opera�on, the pa�ent was shi�ed from the intensive 
care unit to the general ward, and on the 11th day, the 
pa�ent was discharged. 

Contributed by: S. Azarudeen, V. Baskaran, Ananthu V, Dr. Sylvester and Dr. E. Sheriff
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ON Simultaneous individually controlled upper and lower body perfusion helped in avoiding spinal, visceral, 
renal, and lower limb ischemia. It also reduced lactic acidosis and the depth of hypothermia. The 
technique provided clear surgical field for the anastomosis. 

Figure 1: Aor�c arch debranching and replacement circuit diagram
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An effective renal protection can be achieved by maintaining the CPB perfusion pressure > 60% of the 
normal age-standardized MAP. 
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The study concluded that higher use of intraoperative transfusions of RBC, FFP, and platelets was 
independently associated with CSA-AKI. 
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