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Background: Cardiopulmonary resuscitation (CPR) is now widely used as a treatment for ventricular
fibrillation, though numerous studies have shown the outcome of standard CPR to be dismal.
Alternative methods of CPR, including interposed abdominal compression, constant aortic occlusion,
and the use of intrathoracic pressure regulator, have been shown to increase cardiac output and affect
the mortality rate of CPR.

Objectives: Here we suggest the Trendelenburg position as yet another method of increasing cardiac
output and therefore improving the effectiveness of chest compressions. We hypothesized that the
use of the Trendelenburg position during CPR would increase cardiac output as measured by carotid
blood flow.

Methods: We anaesthetized six pigs and measured their pre-arrest carotid flow rate for two minutes.
We then induced ventricular fibrillation in those pigs and performed open-chest CPR on them. Post-
arrest carotid blood flow was measured for two minutes each at 0 (supine position), 10, 20, and 30
degrees of head-down tilt in each pig. The mean carotid flow for each degree of tilt was compared to
mean carotid flow at O degrees of tilt using a paired student t-test.

Results: We found an increase of up to 1.4-fold in carotid blood flow during CPR in the Trendelenburg
position, though only 20 and 30 degrees of Trendelenburg showed a statistically significant increase
from the 0 degrees of tilt in pigs.

Conclusion: The Trendelenburg position can lead to increased blood flow through the carotid arteries
during CPR in this pig model. Future studies should investigate whether this increased blood flow
through the carotid arteries leads to improved brain perfusion and better neurologic outcomes.
[WestJEM. 2008;9:206-211.]

INTRODUCTION Cardiac arrest occurs in the form of ventricular fibrillation
Approximately 225,000 people in the United States and (VF), which is treatable by shock administration, or as

375,000 people in Europe experience cardiac arrest every year, pulseless electrical activity (PEA) or asystole, which are not

the majority of which occur in an out-of-hospital setting.!? treatable through shock administration. The degree of cardiac
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and neurological damage following VF is correlated with the
amount of blood flow through coronary and carotid arteries
respectively. In situations when immediate defibrillation is
not an option, cardiopulmonary resuscitation (CPR) should be
initiated in order to temporarily maintain enough flow to the
heart and the brain.>*

There are many factors that can contribute to a depressed
cardiac output during CPR. For example, it has been suggested
that the average rescuer performing CPR can achieve adequate
depth of compression in majority of cases on women but
only in small percentage of men who comprise the majority
of cardiac arrest victims.” The inadequate compression depth
would decrease the CPR-generated cardiac output. In addition,
incomplete chest decompression during CPR performed by a
fatigued rescuer can increase the intrathoracic pressure, impair
venous return to the heart, and decrease cardiac output as well
as coronary and cerebral perfusion pressures.!” Therefore,
there is a need to further improve CPR-generated cardiac
output and cerebral perfusion in order to compensate for such
lack of compression depth and incomplete decompression.
Compared to standard CPR there is an increase in cardiac
output and blood flow to the heart and brain with methods
such as the use of an intrathoracic pressure regulator,'"!?
interposed abdominal compression,'*"* and constant aortic
occlusion.'®!”

We would like to propose the Trendelenburg position
as yet another adjunct to CPR. The Trendelenburg position
was once advocated to increase cardiac filling in low-flow
states such as hypotension and shock. However, multiple
studies were unable to demonstrate this hypothesized
benefit.'®> This lack of clinical benefit may be due to the
vasoconstriction and increased arteriolar vascular tone seen
during the compensation stage of hypovolemic shock, which
would counteract the effects of placing the patient in the
Trendelenburg position. However, during cardiac arrest, the
victim has no tone and one would expect the model to change.
In this study we used a porcine model to measure carotid
blood flow as an indirect measure of cardiac output during
experimental CPR and compared this flow for varying degrees
of Trendelenburg positioning.

METHODS

This study was conducted at Biosurg, Inc. in Winters,
California with adherence to existing protocols. All work was
performed in accordance with the “Guide for the Care and Use
of Laboratory Animals” prepared by the National Research
Council of the National Institutes of Health.

Animal Preparation

Six adult pigs weighing 80 to 100 kilograms were studied.
All the animals received halothane and isofluorane anesthesia.
They were intubated with ventilation established before being
placed supine on the operating table. We obtained right carotid

access using a cutdown procedure. A 4 mm non-cannulating
flow probe was attached to the right common carotid artery.
To allow placement of other monitoring devices we performed
a median sternotomy to provide complete access to the heart,
while keeping the pericardium intact over the ventricles.

ECG leads were attached for continuous monitoring. A 5
French pressure measuring catheter was advanced into the
femoral artery via cutdown and positioned in the aortic arch.
A capnograph was set to operate from a transducer in the
endotracheal tube. Flow and pressure and capnograph devices
were zeroed and calibrated. The ventilation depth and rate
were adjusted to achieve between 30 and 35 mmHg end-tidal
carbon dioxide measurement (pETCO2). The carotid flow
rate, the ECG, and the pETCO2 were obtained continuously
from this point until the end of the study.

Experimental Protocol

Before inducing VF, the pre-arrest carotid flow rate for
each animal was measured at 0 degrees of tilt (supine position)
in order to compare with the post-arrest carotid flow rates.
Each pig was then placed into VF by direct application of
current from a 9-volt battery. A minimally invasive device was
advanced against the pericardium. To standardize the CPR
performed on each animal, the minimally invasive device was
pumped at 90 to 110 beats per minute at 10 to 12 pounds of
force. The minimally invasive device is made up of an 8 cm
diameter expandable membrane at the end of a shaft. Initially,
the membrane is collapsed within a 45 French access sheath
to allow easier introduction into the subject’s thorax. There is
a 67 French flange in position on the sheath handle to prevent
over-penetration of the device into the thorax.

We obtained baseline post-arrest carotid flow rates for two
minutes with the animal at supine position. The table was then
subsequently tilted to 10, 20, and 30 degrees of incline with
the head placed down, and two minutes of data were collected
for each degree of incline. We collected hemodynamic data at
least every 30 seconds at each angle of tilt. Each animal served
as its own control as it was placed in increased Trendelenburg
tilts in a sequential manner, and its mean carotid flow rate
was compared to both the pre-arrest and post-arrest baseline
values. At the end of the experimental period, the animals were
euthanized by termination of circulatory support.

Statistical Methods

We analyzed the significance of hemodynamic changes
with degree of head-down tilt using a PC-based statistical
analysis package. A paired student t-test was used as each
animal served as its own control. Statistical significance was
accepted if p < 0.05. The coefficient of determination r> was
determined using the same software.

RESULTS
The mean carotid flow in the pre-arrest phase of the study
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Table 1. Mean carotid flow rates (mL/min) at varying degrees of Trendelenburg in pigs were compared and analyzed. Only three

and four sets of data were available for 10 and 30 degrees of Trendelenburg, respectively. The “Difference Mean (SED)” column
represents the subtraction of the first value from the second value. A positive difference mean value represents an increase in carotid
flow. A paired student t-test was performed with the significance level set to o =0.05.

Comparison First N First Value Second Value Difference Mean 95% Cl of p-Value for
vs. Second pairs Mean (SEM) Mean (SEM) (SED) Difference Difference
Pre-arrest vs.
Post-arrest (0°) 6 442 (41) 149 (18) 293 (41) (-188, -398) 0.0008
Post-arrest (0°) vs.
Post-arrest (10°) 3 165 (34) 177 (37) 12 (11) (-35, 47) 0.3975
Post-arrest (0°) vs.
Post-arrest (20°) 6 148 (18) 194 (25) 46 (9) (69, 23) 0.004
- o
Post-arrest (0°) vs. 4 128 (9) 178 (5) 50 (13) o o) 00543

Post-arrest (30°)

SEM = standard error mean
SED = standard error of the difference

was 442 mL/min. After induction of ventricular fibrillation
with CPR in progress this decreased to 149 mL/min
(difference of 293 mL/min (95% CI: 188, 398)).

For 10 degrees of incline, only three complete sets of data
were available due to technical issues with the flow meters of
the other animals. These three animals had a post-arrest mean
carotid flow of 165 mL/min at 0 degrees of tilt that increased
to 177 mL/min at 10 degrees of tilt (an increase of 12mL/min
from baseline (95% CI: -12,35)).

At 20 degrees of incline, six complete sets of data were
available. The post-arrest mean carotid flow for all six pigs at
this level of incline was 194 mL/min (an increase of 46 mL/
min from baseline (95% CI of the difference: 23, 69)).

For 30 degrees of incline, four complete sets of data were
available. These four animals had a post-arrest mean carotid
flow of 128 mL/min at 0 degrees of tilt and 178 mL/min at 30
degrees of tilt (an increase of 50 mL/min from baseline (95%
CI: 9, 91)) (Table 1) (Figure 1a).

Compared to baseline CPR at supine position,
compressions at head-down angles of 10, 20 and 30 degrees
resulted in 1.1, 1.3, and 1.4 times greater carotid flow,
respectively. An alternate method of viewing the data is as a
percentage of the mean carotid flow in the pre-arrest phase.
The mean carotid flow at 0 degrees was 34% of pre-arrest
flow. At 10 degrees of Trendelenburg the mean flow increased
to 37% of the pre-arrest value, at 20 degrees this value was
44%, and at 30 degrees of tilt the mean carotid flow was
49.5% of pre-arrest value. The change in percentage of pre-
arrest flow rates were tightly associated with the degrees of
Trendelenburg tilt with a coefficient of determination r*= 0.98
(Figure 1b).

DISCUSSION
Initially developed as a surgical position, the
Trendelenburg position was later adopted by Walter Cannon

as a treatment for shock during World War I. Although it has
been widely taught and used by healthcare professionals,*

its effectiveness as a treatment for shock has not yet been
clinically shown despite numerous studies. The Trendelenburg
position does not have any beneficial hemodynamic effects

in hypotensive patients,'®!” leads to no changes in tissue
oxygenation in hypovolemic postoperative patients,”’ and
appears to cause small and ineffective autotransfusion
changes in normovolemic patients.?! Reich and colleagues?
report an increase in mean arterial pressure and cardiac

output in hypotensive patients with coronary artery disease
following placement in the Trendelenburg position, although
this position led to impaired respiration in those patients to

a greater extent. Furthermore, steep head-down positions

have been reported to have potentially harmful effects in
patients with cardiac, respiratory, and neural problems. Such
effects include increased intracranial pressure and respiratory
compromise.?® There has also been a report of brachial plexus
injury in a post-operative patient who underwent a long period
of head-down tilt at an angle of 30-40 degrees.*

With the use of Trendelenburg positioning during CPR
we were able to see an increase in carotid blood flow. Our
results show that the use of this position improved carotid
blood flow during CPR in this porcine model. We found the 20
and 30 degrees of tilt to have a statistically significant higher
carotid flow. The 10 degree of head-down tilt also showed an
increased carotid blood flow, although this increase was not
statistically significant. Chest compressions while placing the
animals in the Trendelenburg position produced up to 1.4-fold
increase in the carotid flow compared to the standard CPR.

It is suggested that other adjuncts to conventional CPR also
result in improved circulation during cardiac arrest. Gedeborg
and colleagues'® reported an increase of 62% in carotid blood
flow following balloon occlusion of descending aorta, and
Yannopoulos and colleagues'? reported an average increase
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of 70% in carotid artery flow with the use of an intrathoracic
pressure regulator during CPR. Similarly, Babbs' suggested
that by combining interposed abdominal compression and
chest compression the total cardiac output may show a 1.9-
fold increase compared to conventional CPR alone. These
adjuncts, however, have their own limitations; the use of
constant aortic occlusion requires a period of conventional
CPR while the balloon catheter is inserted,'® and interposed
abdominal compression requires the availability of additional
rescuer personnel as well as further training.!* Nonetheless,
recent studies have suggested these adjuncts to be effective
and their combination with the use of the Trendelenburg
position may prove to be beneficial.

One of the major goals of cardiopulmonary resuscitation
is to preserve neurological function, which in turn is
dependent on the perfusion of cerebral tissue. The brain is
very vulnerable to hypoxic/ischemic injury. Following cardiac
arrest and CPR, approximately 80% of patients are comatose
with about 40% entering persistent vegetative state.’® Novel
approaches, such as mild therapeutic hypothermia (lowering
body temperature to 33°C for 12 to 24 hours following return
of spontaneous circulation), have been suggested to help
with ischemic brain injury, and recent studies have shown
an increase in favorable neurological outcomes following
therapeutic hypothermia after resuscitation from cardiac
arrest.'?

Many authors have also suggested adjuncts to
standard CPR to improve outcomes, including the use of
intraortic balloon pumps, abdominal binding systems and
counterpulsation techniques, either through abdominal
compression or timed respirations. All of these adjuncts
attempt to improve blood flow during standard closed-chest
CPR by increasing the venous return to the thorax and heart
(i.e. prime the pump).'*'7-2728 Given that cardiac output is
a function of both the stroke volume and the rate, and that
the slow ventricular filling during CPR limits the rate of
effective compressions, the purpose of a good adjunct should
be to increase the stroke volume in the face of a constant
compression rate.

An increase in carotid blood flow through the use of
Trendelenburg position is an important finding with clinical
implications. An increase in carotid blood flow may improve
cerebral oxygen delivery during CPR and, together with the
use of mild therapeutic hypothermia, may further improve
neurological outcomes following resuscitation. However,
it must be noted that the “Guidelines for Cardiopulmonary
Resuscitation” recommends placing the post-cardiac arrest
survivors in a 30 degrees reverse Trendelenburg position
with head at midline.?* This position is thought to maximize
cerebral arterial perfusion without compromising cerebral
venous drainage after resuscitation, though its effectiveness
has not yet been studied.*® Therefore, placing the patient
in the Trendelenburg position may theoretically lead to an
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Figure 1. (A) Mean * Standard Error Mean carotid flow rates
are shown for pre-arrest and each degree of Trendelenburg tilt.

* represents p < 0.05 and ** represents p < 0.001 with respect to
0 degrees of Trendelenburg as baseline. Sample size is three
and four for 10 and 30 degrees Trendelenburg, respectively,

and six for the other trials. (B) Changes in percent pre-arrest
carotid flow show a strong linear association with the degrees of
Trendelenburg tilt (r2=0.98).

increase in the intracranial pressure during cardiopulmonary
resuscitation, which can lead to a decrease in cerebral
perfusion—the opposite of what is intended by this maneuver.
This requires additional studying and is further discussed in
the limitations section of our study.

Although numerous studies of the Trendelenburg position
in healthy volunteers and hospitalized patients have suggested
little or no beneficial hemodynamic effects, it may well be
beneficial during CPR. The ability of an individual, healthy or
hypotensive, to autoregulate peripheral and central vascular
tone (specifically, the arteriolar vascular tone) minimizes
the effect that a head-down position might have on cerebral
blood flow.*! On the other hand, a person experiencing cardiac
arrest with concomitant decrease in vascular tone has lost
such autoregulatory reflexes. The head-down position during
cardiac arrest may lead to increased arteriolar blood flow with
the aid of gravity, as the vascular tone is decreased due to
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the loss of autoregulatory reflexes. Our findings support this
theory as we saw an increase in CPR-generated carotid blood
flow with increasing Trendelenburg.

At the same time it must be noted that the venous system
is not significantly affected by the autoregulatory reflexes,
considering the lower vascular tone of a venule compared to
an arteriole. Yet the application of Trendelenburg could simply
aid the return of the pooled venous blood from the periphery
to the heart and in this way serve as the means to increase the
cardiac output through increasing the preload. However, one
can argue that more blood flow to the arrested heart could lead
to a higher right atrial pressure and a subsequent decrease in
coronary perfusion pressure (defined as the difference between
diastolic aortic pressure and right atrial pressure)—another
unwanted effect. Future experiments should investigate these
possibilities in more detail.

LIMITATIONS

It is important to note the following limitations of
our study. Firstly, the sample size was small. Secondly,
venous return to the heart was not measured, and although
it is believed that the Trendelenburg position would lead
to increased venous flow to the heart, there is no direct
evidence for that. Thirdly, our study employed an open-chest
CPR technique, which may compromise any benefit of the
thoracic pump model of blood flow during closed chest CPR.
Regardless, open-chest CPR has been repeatedly shown to be
superior to closed-chest CPR based upon standard measures of
arterial pressure generated, cardiac output, coronary perfusion
pressure and cerebral blood flow achieved.*?** Fourthly, the
applicability of the pig as a model for CPR has been shown,
but the appropriateness of the pig to simulate the relative
effects of Trendelenburg in arrest with the comparatively
small leg volume of the pig cannot be predicted. Fifthly,
because return of spontaneous circulation and the neurologic
outcome of CPR with Trendelenburg were not measured
in this particular model there is no information as to the
overall effect of this increased cerebral flow on survivors of
cardiopulmonary arrest. Sixthly, though carotid blood flow
was used as an indirect measure of cardiac output and cerebral
perfusion, direct measurements of intracranial pressure,
cerebral perfusion pressure and actual cerebral blood flow
were not performed. Theoretically, if the head-down position
augments forward flow, cerebral venous return through
internal jugular veins may be proportionately diminished
due to gravity. This may lead to decreased delivery of waste
products from the CNS, as well as increased intracranial
pressure and decreased cerebral perfusion pressure, negating
the effects of the increased carotid flow. Furthermore, during
placement in the Trendelenburg position the abdominal
organs can be pushed into the thoracic cavity increasing the
intrathoracic pressure. Recent studies suggest that an increase
in the intrathoracic pressure would lead to an increase in

the intracranial pressure, decreasing cerebral perfusion.'*!2
However, a modified Trendelenburg position with cervical
flexion and elevation of the head might minimize these
potential negative effects without diminishing the forward
flow through the carotids. It is also possible that the increased
carotid flow simply reflects the backflow of blood from the
abdominal aorta as an effect of gravitational forces, and this
may lead to decreased perfusion of other organs, including
the kidneys and intestines. Finally, the pigs were moved from
0 to 10 to 20 to 30 degrees in a step-wise fashion, possibly
exaggerating the effects of each position.

CONCLUSION

Future studies should be undertaken to: 1) investigate
the efficacy of Trendelenburg position on a closed-chest
CPR technique; 2) determine the effects of both standard
Trendelenburg and modified Trendelenburg with cervical
flexion on venous return to the heart, intracranial pressure,
coronary and cerebral perfusion pressures, as well as
internal jugular vein and abdominal aorta blood flow to
control for the negative effects of gravity; 3) investigate
return to spontaneous circulation and neurologic outcome of
concomitant CPR and Trendelenburg; 4) determine flow at an
initial setting of 20 to 30 degrees in the immediate post-arrest
phase.

Despite the limitations of the study, in all of the animals
studied carotid flow increased as the animal was placed into
the Trendelenburg position. Our findings indicate that 20 and
30 degrees of head-down tilt can improve carotid flow in
pigs in a statistically significant manner. Such findings merit
further investigations of the use of Trendelenburg position
during CPR. Whether these findings can be extrapolated to
human subjects undergoing CPR remains to be seen.
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