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Cardiovascular changes 
in physiology seen in 
canines with gastric 
dilation volvulus (GDV)
Neil Kemp  BSc(Hons) PgDip(Anaesthesia/Analgesia) RVN

Portknockie, Buckie, UK

ABSTRACT: This article analyses the cardiovascular changes typically present 
in a patient with a gastric dilation volvulus. This pathogenesis results in the 
reduction of oxygen delivery to tissues through hypoperfusion, the translocation 
of GI bacteria and the release of proinflammatory cytokines. By highlighting 
these physiological changes, in an emergency case that can be seen at most 
practices, this article will aid more complete monitoring. This monitoring 
facilitates appropriate interventions and gives a more comprehensive outline of 
circulatory consequences.
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Introduction
Gastric dilation volvulus (GDV) involves 
rapid distension and rotation of the stom-
ach; with large and giant breeds showing 
a predisposition. The physiological effects 
include multiple organ systems consisting 
of cardiovascular, respiratory, gastrointes-
tinal, coagulation and renal. A process of 
systemic inflammatory response syn-
drome progresses to multiple organ dys-
function syndrome (Osterbur et al., 2014). 
The pathogenesis involves the reduction 
of oxygen delivery to tissues through 
hypoperfusion, the translocation of GI 
bacteria and the release of proinflamma-
tory cytokines (Sharp & Rozanski, 2014). 
This paper will analyse the cardiovascular 
effects and monitoring involved in treating 
this condition.

Cardiovascular effects
The cardiovascular effects of GDV include 
shock, cardiac arrythmias and dysfunction 
of the myocardium. The shock presented 
can be diverse with a combination of 
obstructive, distributive, hypovolaemic and 
cardiogenic (Sharp & Rozanski, 2014). 
These cardiovascular effects can result in the 
release of troponins, catecholamines and 
proinflammatory cytokines (Schober et al., 
2002).

Obstructive shock
Obstructive shock occurs due to abdominal 
distension compressing low pressure vessels 
including the portal and splenic veins and 
caudal vena cava. Reduction in venous 
return (VR) impacts preload and subse-
quently stroke volume (SV). This results in 
increasing heart rate (HR) to maintain the 
cardiac output (CO) which equals SV mul-
tiplied by HR. This compensatory mecha-
nism is inadequate and causes increased 
myocardial oxygen demand (Bruchim & 
Kelmer, 2014).

Distributive shock
Distributive shock involves splanchnic 
pooling of blood due to the decreased VR 
and increased venous pressure and is exac-
erbated by the vasodilatory effect of nitric 
oxide (Howe & Boothe, 2001) released.

Hypovolaemic shock
Hypovolaemia occurs due to circulating 
fluid losses including: from vomiting, dis-
tension preventing ingestion, splanchnic 
pooling of blood and portal hypertension 
causing third spacing of fluid.

Cardiogenic shock
Cardiogenic shock results from myocardial 
dysfunction and mainly ventricular arryth-
mias, predominantly because of myocardial 
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ischaemia exacerbated by reduced coronary 
blood flow and compensatory mechanisms 
increasing workload (Brockman et al., 1995; 
Horne et al., 1985).

Assessment of the patient
To assess cardiac function and treatment 
plan efficacy, clinical examination, and 
assessment of blood pressure (BP), CO and 
tissue perfusion are utilised.

Clinical examination
Clinical examination presents cardiovascu-
lar signs including depressed mentation, 
pale or injected mucous membranes and 
tachycardia with weak irregular pulses 
(Haak et al., 2012). Clinical examination is 
the primary form of monitoring on admis-
sion and should not be overlooked as a 
rapid form of assessment used to guide 
more invasive measures.

Electrocardiogram (ECG)
ECG monitoring is essential due to the 
common occurrence of ventricular arryth-
mias and possible presentation of irregular 
pulses from examination. Thought to be 
caused by myocardial ischaemia, ventricu-
lar arrythmias were present in 40% of dogs, 
showing a failing ability to deal with circu-
latory deficit (Brockman et al., 1995). The 
production of ectopic foci of electrical 
activity throughout the myocardium has 
been identified in patients with GDV and 
the monitoring of this condition and treat-
ment efficacy is paramount (Sharp & 
Rozanski, 2014). Time is an important con-
sideration, ECG is quick, non-invasive and 
provides a wealth of information.

Other techniques that assess circulation 
take longer and require more skill, this can 
be problematic if unable to decompress the 
stomach and rapid surgery is the only treat-
ment option to stabilise the patient.

Capnography
Capnography provides a continuous reading 
of respiratory gases, allowing assessment of 
gas exchange via pulmonary circulation. 
During spontaneous ventilation capnography 
can indicate CO and severity of shock 
(Swenson et al., 2008; Weil et al., 1999).

Pulse oximetry
Pulse oximetry is a limited form of cardiac 
monitoring that provides an estimation of 
arterial oxygenation (Thawley & Waddell, 
2013). In addition to saturation, the produc-
tion of a plethysmograph can provide more 
detailed beat-to-beat analysis of arterial 
waveform. This method should be used with 

caution as it shows delayed graph changes 
and altered amplitude, the basic graph 
shape can give indications of myocardial 
contractility, hypovolaemic status and resis-
tance to outflow (Shamir et al., 1999).

Both capnography and pulse oximetry 
are not prioritised highly in terms of the 
quality of information provided regarding 
cardiovascular function, compared to more 
invasive measures. However, in terms of 
emergency monitoring, they are useful in 
providing rapid and easily obtained data, 
guiding requirement for invasive monitor-
ing techniques to confirm cardiovascular 
decompensation. Using multiple forms of 
non-invasive techniques can help to reduce 
error due to their individual limitations.

Blood analysis
Information regarding oxygenation, carbon 
dioxide concentration, pH and lactate can 
be obtained through blood analysis. Sample 
collection can be facilitated by an arterial 
catheter for intermittent testing. The pres-
ence of both hyperlactataemia and acidosis 
indicate decreased oxygen delivery to tis-
sues and increased activity of anaerobic 
pathways (Beer et al., 2013; De Papp et al., 
1999). This testing is more accurate than 
non-invasive monitoring and can be used 
to confirm data produced by continuous 
output monitors (capnography/pulse oxim-
etry). Electrolyte analysis can be beneficial 
at identifying causes of arrythmia. Persistent 
vomiting of gastric juices rich in potassium, 
sodium, hydrogen, and chloride ions leads 
to imbalance (Papazoglou et al., 2003); pro-
longed vomiting before assessment is shown 
to increase mortality (Evans et al., 1994).

Non-invasive BP monitoring 
(NiBP)
Non-invasive methods of BP monitoring 
include doppler and oscillometry. They pro-
vide rapid data, are easy to use and should be 
a starting point in BP monitoring. BP is a 
major component of haemodynamic status 

assessment; however, should not be confused 
with CO as it is also influenced by systemic 
vascular resistance (Cooper & Cooper, 
2012). Various forms of shock will negatively 
impact BP, regardless of compensatory 
mechanisms such as tachycardia. NiBP mon-
itoring can be limited, particularly in com-
promised patients; however, the use of both 
forms simultaneously can reduce inaccuracy. 
Providing mean arterial pressure (MAP) 
which is considered the most accurate rep-
resentation of circulating pressure with a 
minimum of 60 mmHg considered viable for 
organ perfusion and beat-to-beat analysis 
provided by doppler ultrasonography 
(Ribezzo et al., 2014; Wagner & Brodbelt, 
1997).

Invasive BP
Direct arterial BP is considered the ‘gold 
standard’, allowing continuous monitoring 
of arterial pressure and waveform, provid-
ing real-time data, and allowing more accu-
rate assessment of treatment efficacy 
(Waddell & Brown, 2015). However, this 
requires time spent by skilled staff to set up 
an arterial cannula with pressure bag and 
transducer. Canula placement increases risk 
of infection, haemorrhage, thrombosis, and 
tissue necrosis (Mazzaferro & Wagner, 
2001). Therefore, placement of an arterial 
catheter should only be undertaken in crit-
ical patients such as this patient with GDV 
and haemodynamic instability (Waddell & 
Brown, 2015).

Limitations of this technique that alter the 
signal produced can include both reso-
nance and damping. Resonance frequencies 
<40Hz from movement of the transducer 
diaphragm or movement of blood in the 
catheter can severely distort the waveform 
produced (Figure 1). Damping is caused 
by restrictions in transmission (clots and 
air bubbles). Some damping is desirable 
for accurate interpretation; however, over-
damping causes underreading of SAP 
and DAP (Figure 1), and vice-versa when 
underdamping.

a Figure 1.  Graph showing normal arterial waveform, compared to resonance and damping 
interference.
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Arterial waveform analysis
When used effectively this method can pro-
vide information beyond BP readings. The 
arterial waveform can assist assessment of 
myocardial contractility when considering 
the slope of the upstroke (Figure 2). This 
could be pertinent for myocardial isch-
aemia from prolonged reduction in oxygen 
delivery as this will exhibit reduced contrac-
tility. The GDV patient would likely show 
reduced SV (Figure 3); depicted in the 
waveform with reduced area under the 
curve from the upstroke to the dicrotic 
notch.

Cardiac output (CO)
When considering CO, all techniques are 
compared to thermodilution as the ‘gold 
standard’; when analysis of arterial wave-
form was compared to thermodilution in 
human anaesthesia it produced comparably 
reliable results (Jansen et al., 2001).

CO represents the cardiac contribution 
to global oxygen delivery to tissues and 
is determined by HR, rhythm, contrac-
tility, preload, and afterload (Hall, 2016). 
However, this value should not be looked at 
in isolation and its priority is dependent on 

having other cardiac monitoring in place. 
CO monitoring was not shown to improve 
outcome in critically ill patients (Ospina-
Tascon et al., 2008) and if viewed in isola-
tion can negatively influence treatment. If 
this patient became septic, CO could appear 
normal while suffering circulatory failure 
(Kehlet & Bundgaard-Nielsen, 2009).

Persistently low CO has a significant effect 
on oxygen delivery and in this patient with 
reduced VR could be advantageous. CO 
monitoring also facilitates goal directed 
fluid therapy which can be beneficial in this 
patient as actual fluid loses are relatively 
small. Large volumes of isotonic fluid ther-
apy may not be as advantageous as use of 
hypertonic and isotonic solutions; to both 
replace fluid loss and draw fluid from third 
spacing.

Methods of monitoring CO
Many methods of CO monitoring utilise 
Fick’s principle; detailing the quantity of a 
marker (oxygen, carbon dioxide, tempera-
ture, lithium) entering or leaving an organ 
as equal to the blood flow divided by the 
arteriovenous difference. Practically this is 

typically achieved through a Swan-Ganz 
pulmonary catheter, that is guided through 
the right atrium, ventricle, and pulmonary 
artery before wedging into position. This 
process is guided through changes in pres-
sure and pressure waveform to isolate the 
position of the catheter tip (Vigani, 2015). 
In the research, setting output can be mea-
sured directly through electromagnetic 
flowmetry; however, this requires probe 
placement and is impractical for the clinical 
setting (Tabrizchi & Iida, 2003).

Thermodilution involves the injection of 
cold saline and the monitoring of tempera-
ture change over time via a thermistor at 
the end of the pulmonary catheter. A mod-
ification of the Swan-Ganz catheter can 
include a heating coil that heats blood in 
the caudal vena cava and is then detected 
by the thermistor, allowing a continuous 
measurement of CO. Significant risk with 
placement of a pulmonary arterial catheter 
include arrythmias, heart block, thrombo-
embolism, pulmonary infarction, valvular 
damage, and endocarditis (Harvey et  al., 
2005; Polanczyk et  al., 2001; Shah et  al., 
2005). An additional limitation for this 
specific case of GDV would be the provi-
sion of fluid resuscitation, modifying cir-
culating temperature and giving inaccurate 
results.

Alternatives that do not require pulmo-
nary catheterisation are available. The 
pulse contour cardiac output (PiCCO) 
system uses a central venous and arterial 
catheter and applies the Stewart-Hamilton 
equation to form an estimation (Von 
Spiegel et  al., 1996). Cold intravenous 
injections and an arterial thermistor are 
required; therefore, the accuracy of the 
results could be negatively affected by 
large volumes of intravenous fluid ther-
apy. CO status systems utilise ultrasonog-
raphy to detect blood velocity following 
injection of saline. The real benefit with 
this system is that it is easier to use, does 
not require pulmonary catheterisation 
and has been shown to produce accurate 
results, even in smaller patients (de Boode 
et al., 2010). CardioQ ultrasound displays 
a waveform allowing optimum position-
ing of the probe, producing informing 
including CO, SV, HR and peak velocity. 
Analysis can assist with identification 
of hypovolaemia through reduced flow 
time, waveform analysis then facilitates 
goal directed fluid therapy during fluid 
resuscitation in this patient. Thoracic 
electrical impedance is another non-in-
vasive technique, however, is unsuitable 
for this patient as it is shown to provide 
unreliable results in unstable patients 
(Yamashita et al., 2007).

a Figure 2.  Graph to show the upstroke of arterial waveform and connection to contractility. 

a Figure 3.  Graph highlighting the area of an arterial waveform that represents stroke volume. 
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Lithium dilution technique involves a 
bolus injection of lithium and CO can be 
estimated through time taken for circu-
lation of the marker. The marker can be 
administered through peripheral cathe-
terisation and the lithium concentration 
is determined through a lithium selective 
electrode connected to an arterial cathe-
ter (Linton et al., 1993). The major advan-
tage being simple to set up and execute, 
reducing treatment time compared to tech-
niques reliant on central catheterisation. 
Therefore, this technique is suitable for 
the clinical environment, producing reli-
able results in dogs (Mason et al., 2001); 
however, for this case it would be limited 
by the presence of tachyarrhythmias and 
fluid resuscitation (Linton et  al., 1993). 
This could be a more viable option if the 
patient is able to be stabilised with fluid 
deficits replaced, dilation reduced and 
arrythmias addressed prior to surgery.

Conclusion
When analysing the efficacy of available 
cardiac monitoring equipment, it is clear 
that no system reliably provides all data 
required. Therefore, for these patients, I 
would prioritise the monitoring equipment 
as explained; drawing maximum informa-
tion from quickly applied techniques prior 
to establishing more accurate, advanced 
methods. It is the combination of various 
techniques that produce the most reliable 
indication of haemodynamic stability and 
efficacy of treatment. The reliance on 
advanced monitoring techniques can be 
misplaced. For example, CO in the septic 
patient appearing normal during the early 
(hyperdynamic) stages despite tachyar-
rhythmias and failing haemodynamic 
status.
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