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1. List of abbreviations 

Abbreviation Meaning

AAA aromatic amino acid

ALKP alkaline phosphatase

ALT alanine aminotransferase

AMPAR α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor

AST aspartate aminotransferase

ATP adenosine triphosphate

BBB blood-brain barrier

BCAA branched-chain amino acids

BUN blood urea nitrogen

CLF chronic liver failure

CNS central nervous system

CT computertomography

CTP Child-Turcotte-Pugh

DNA desoxyribonucleic acid 

EAAT exctiatory amino acid transporter

FMT fecal microbiota transplant

FMTcr fecal microbiota transplant colonic release

FMTgr fecal microbiota transplant gastric release

GABA gamma-Aminobutyric acid

GIT gastrointistinal tract

GLDH glutamate dehydrogenase

HE hepatic encephalopathy

ICP intracranial pressure

IL-6 interleukin-6

Mn manganese

MELD model of end-stage liver disease

MHE minimal hepatic encephalopathy

MRI magnetic resonance imaging

NMDAR N-methyl-D-aspartate receptor
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OHE overt hepatic encephalopathy

PCR polymerase chain reaction

PHE phenylalanine

PSS portosystemic shunt

RNA ribonucleic acid

ROS reactive oxygen species

SIRS systemic inflammatory response syndrome

T4 thyroxine

TNF-α tumor necrosis factor-alpha

TRP tryptophan

TYR tyrosine
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2. Abstract 

 Hepatic encephalopathy (HE) is not a disease on its own, it is a dysfunction of the 

brain accompanying advanced liver diseases. Due to various causes, the liver is not able to 

detoxify ammonia, which leads to the accumulation of ammonia in the blood circulation and 

consequently to the accumulation in the brain, where it leads to cognitive dysfunction of the 

patient. These deficits have not only been observed in humans but also in dogs, for example 

the Author of this thesis has included a case study of a french bulldog named Bella, which 

was suffering from HE.  

 As a newly invented treatment, fecal microbiota transplantation (FMT) is already used 

in human medicine as a therapy to alleviate the symptoms. FMT is a method to directly 

manipulate the gut microbiome of a patient with concurrent dysbiosis, which causes a disease, 

to a more beneficial gut microflora. The corrected dysbiosis can reduce symptoms of a current 

disease, which can improve the quality of life of the patient.  

 This thesis was concerned with HE in general and the newly assayed FMT treatment 

as a solution of the concurrent clinical symptoms of HE. In the first part of this thesis the 

physiological and pathophysiological aspects of the disease are explained for further 

understanding of the second part, which focuses on the aspects of FMT. The second part of 

this thesis includes the principle on how FMT modulates the gut microbiome, studies in 

humans and in dogs, a case report, and how the studies in dogs can establish as an 

encouragement for further studies. 
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3. Physiology of the ammonia metabolism  

 Ammonia is the most important metabolic product in the course of HE. Several 

biochemical systems naturally produce Ammonia within the body, which can be in a healthy 

organism detoxified by several organs, like the liver and the kidney. In case of HE, surplus 

ammonia circulates in the systemic circulation and also crosses the blood brain barrier (BBB), 

which produce the HE characteristic neurological symptoms. In the following Section the 

physiological processes are discussed to simplify the understanding of the pathophysiology of 

HE. Furthermore, it is helpful to understand the new therapeutic approach, which will be 

discussed in Section 5. 

3.1 Ammonia source 

 Protein digestion within the gastrointestinal tract (GIT) has the main effect on the 

ammonia household. Large amounts of free ammonia are produced by urease-producing 

bacteria within in the GIT, due to absorption of the enterocytes, the ammonia enters the portal 

vein and afterwards the liver, where the urea cycle will detoxify the free ammonia (5). The 

detoxification of ammonia is discussed in Section 3.2. 

3.1.1 Urease-producing bacteria 

 Eubacteriaceae, Peptostreptococcaceae, Bifidobacteriaceae, Bacteroides, Clostridia, 

Fusobacteriaceae, Lactobacillaceae, and Peptococcus are anaerobic intestinal bacteria, which 

produce urease (1). Gram-negative anaerobes, like Clostridia, Enterobacteriaceae, and 

Bacillus spp. produce the largest amount of ammonia. Gram-positive non-sporing anaerobes, 

like Streptococcus and Micrococcus produce intermediate amount of ammonia, whereas 

Lactobacilli and yeasts produce the least amount of ammonia. Furthermore, ammonia is 

produced during the endogenous metabolism of bacterial cells (5). Figure 1 describes the 

ammonia production of an urease producing bacteria, where the enzyme urease converts urea 

into two ammonia molecules and one carbonic acid by adding on nitrogen molecule (2). 
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Figure 1: Urease producing bacteria within the GIT— ammonia production of an urease-
producing bacteria. Ingested urea is absorbed by the intestinal bacteria, the enzyme urease 
hydrolyzes the urea by adding two water molecules and one nitrogen molecule, which will 
result in two ammonia molecules and one carbonic acid molecule (2). 

3.2 Urea cycle 

 The liver is able to convert ammonia to a less toxic substance, called urea, by passing 

ammonia through the urea cycle, which is located within the liver within the periportal 

hepatocytes. Ammonia and carbon dioxide are formed into carbamoyl phosphate that is 

synthesized by the carbamoyl phosphate synthetase utilizing 2 adenosine triphosphate (ATP). 

The next step, carbamoyl phosphate, is combined with ornithine to citrulline catalyzed by 

ornithine transcarbamoylase. Finally, aspartate is added to citrulline by using ATP to 

argininosuccinate. The enzyme of this third step includes arginine succinate synthetase. 

Argininosuccinate lyase split off fumarate, and the product is arginine. While in the last step, 

the enzyme arginase hydrolysis arginine into ornithine by splitting urea. Urea enters the 

bloodstream, and its excretion is via the kidney. This way of ammonia detoxification has a 

high capacity but a low affinity (4). 

 Another way of detoxifying ammonia within the liver is the glutamine synthesis 

within the perivenous hepatocytes. The enzyme glutamine synthetase combines ammonia and 

glutamate, which forms glutamine, this process can be seen in figure 2 (6). 
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Figure 2: glutamine synthesis — ammonia is added to glutamate by the glutamine 
synthetase using one ATP, which results in one glutamine molecule, one adenosine 
diphosphate, and one inorganic phosphate (21). 

 The physiology of ammonia production and detoxification is in physiological balance 

to protect the organism from the neurotoxic effects of ammonia. The mammalian gut 

microbiome produces large amounts of ammonia, whereas the the urea cycle and the 

glutamine synthesis detoxifies the neurotoxic ammonia, to keep the blood ammonia 

concentration on a level where it has no harmful effects on the organism. The following 

Section 4, focuses on the pathophysiology of HE, on the causes, which lead to an increased 

blood ammonia concentration and its consequently effect on astrocytes, neurotransmission, 

and the eubiosis of the microbiome of the mammalian gut. 
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4. Pathophysiology of hepatic encephalopathy 

 HE is a common complication in patients with liver diseases and is a standard 

description of neuropsychiatric abnormalities, accompanied by the pathophysiology of the 

liver disease (7).  

4.1 Etiology 

 In human medicine, HE is divided into three types, based on the primary liver disease.  

Type A: acute liver failure 

Type B: intra- or extrahepatic portosystemic shunt (PSS) 

Type C: severe parenchymal liver disease, combined with portal hypertension and an  

  acquired PSS 

 In type A liver failure, the disease is quick and progressive. The symptoms occur 

suddenly. The necrotizing liver releases neurotoxic substances into the circulation. 

Additionally, complications arise due to systemic inflammatory response syndrome (SIRS), 

which additionally causes multi-organ failure. The systemic infection enhances the ammonia-

induced cerebral blood flow redistribution. The cerebral blood flow is decreased, leading to a 

decreased glucose and oxygen supply of the brain. Cytopathic hypoxia will lead to anaerobic 

metabolism of the neurons, causing lactate accumulation within the cerebral cortex. This 

severe condition results in the progressively decreasing activity of the neurons and the 

progressively worsened cerebral microcirculation dysperfusion. Accompanied fever will 

result in increased protein metabolism, producing ammonia precursors and aromatic amino 

acids. Hypoglycemia worsens the progression of the disease. Usually, the prognosis for these 

patients is lacking. The reason for acute liver failure are toxins, for example, acetaminophen, 

aflatoxins, and xylitol, but it could also be caused by diseases, like copper storage disease in 

Bedlington terriers, canine hepatitis, toxoplasmosis, leptospirosis, lymphoma, hemolytic 

anemia, neoplasia, severe hypertension, and arterial and venous occlusions (8).  

 The most common type in small animals is Type B. This type is also called bypass 

type caused by an abnormal connection between the vena portae and the systemic circulation, 

causing an atrophied liver. There are two types of bypasses. On the one hand, it can be an 

intrahepatic shunt, and on the other hand, it can be an extrahepatic shunt. The intrahepatic 

shunts are congenital, so some dog breeds are predisposed to this disease, for example, 

German Sheppard, Dobermann Pinscher, Golden Retriever Labrador, Australian Sheppard, 
 12



Wolfhound, and toy breeds like Yorkshire Terriers. They develop during fetal development 

from hepatic sinusoids or the portal veins or persistent ductus venosus. The extrahepatic shunt 

connects the vena portae to the vena cava caudalis or the vena azygos sinistra. Cairn terriers 

often have portal hypoplasia, causing a secondary microvascular dysplasia, also called a 

microscopic intrahepatic shunt. This malformation is in this breed inheritable, where the 

portal vein is deformed or portal vein aplasia. Multiple extrahepatic shunts are the acquired 

form of PSS. They result from end-stage liver disease, for example liver cirrhosis or portal 

hypertension. In this case, the shunt is microscopically connecting the vena portae with the 

vena cava caudalis. An increased blood pressure of the portal vein leads to the restarting of 

the blood flow through these veins. Consequently, detoxification does not take place (8).  

 The most common type of PSS in humans is type C. In this case, the liver cells fail in 

their function. Another cause is the pre-existing shunt between the portal vein and the 

systemic circulation (9).  

 The lack of detoxification of ammonia due to the PSS, will result in histopathological 

changes of the astrocytes, which will be discussed in further detail in the next Section.  

4.2 Histopathology 

 HE is the result of the above mentioned liver diseases, and it is usually accompanied 

with impaired brain function. This Section focuses on the histopathological changes within 

the neurons, which are related to HE and which will cause the typical neurological clinical 

signs of the disease (24). 

 The reason for this abnormal brain activity can be traced back to the increased blood 

concentration of ammonia. Ammonia has an osmotic character and is able to cross the BBB  

in high concentrations, where ammonia is absorbed by the astrocytes and causing brain edema  

and histopathological changes of the astrocytes itself (3), where they show a paler appearance. 

The nuclei of the astrocytes become more prominent, and the chromatin migrates to the cell's 

perimeter, which forms a ring of chromatin at the margin of the astrocytes. It can also be seen, 

that astrocytes form pairs or triplets with other astrocytes. These changes of the cell nuclei 

and the chromatin is comparable to Alzheimer's type 2 disease, which can be seen in figure 3 

(10). In severe HE, brain edema can be seen due to the perivascular astrocyte swelling, with 

an increased number of vesicles within the cytoplasm (11). Also, the nucleus appears 

lobulated, containing glycogen granules. Those changes are most commonly seen in the gray 
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matter of the brain tissue, especially in the pons, globus pallidus, putamen, thalamus, dentate 

nucleus, and in the deep layers of the cortical gray matter (12). 

          

Figure 3: Alzheimer's type 2 degenerated astrocytes, 1,000x magnification, hematoxylin 
eosin staining — enlarged astrocytes nucleus with a rim of chromatin at the cell's perimeter 
and scant cytoplasm (12). 

 The next Section discusses the factors, which will lead to histopathological changes of 

the astrocytes, and the accompanied clinical signs of the patients.  
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4.3 Factors 

 Ammonia is not the only neurotoxic substance, which is a causative agent in HE. 

There are several other neurotoxic substances, which a healthy liver detoxifies to prevent the 

neurotoxic effects of these substances. Those substances are: manganese (Mn), mercaptans, 

short-chain fatty acids, tryptophan, glutamine, bile salts, gamma-Aminobutyric acid (GABA), 

and endogenous benzodiazepines (13). 

4.3.1 Ammonia 

 The central molecule, which causes HE with accompanied neurological alterations is 

ammonia. The increasing ammonia concentration correlates with the course of the liver 

failure, which leads to hyperammonemia. Ammonia has a lipophilic character, so it can 

diffuse freely through the BBB. The astrocytes are the first barrier of the BBB. Absorbed 

ammonia into the cytosol of the astrocytes is transformed into glutamine by the enzyme 

glutamine synthetase using glutamate. This glutamine formation is the cerebral pathway to 

detoxify and reuse ammonia within the central nervous system (CNS) (13, 14). 

Hyperammonemia leads to an increased ammonia uptake within the astrocytes, causing the 

swelling of neurons, due to the osmotically effect of ammonia. Additionally, the increased 

ammonia concentration within the astrocytes will alter the neurotransmission, due to the 

detoxification way of transforming of ammonia into glutamine (15). The alteration of the 

neurotransmission is discussed in the Section 4.4.4. The course of the expanding astrocyte 

swelling will result in a cytotoxic edema of the brain (16). Studies have shown, that patients 

with acute liver failure have an increasing intracranial pressure (ICP) correlating with the 

increasing glutamine concentration within the brain (17).  

4.3.2 Manganese 

 Mn is an important cofactor of several enzymes, like arginase and glutamine synthase. 

Additionally Mn has an important role to maintain the optimal physiology of several organs, 

like the brain. However, it is only from physiological importance, when absorption and 

excretion is balanced, otherwise it will cause Mn neurotoxicity. Until now, the development of 

Mn neurotoxicity in correlation with HE can not be fully clarified. One reasonable 

explanation is that the due to chronic liver diseases the excretion via the bile is disturbed and 

the Mn is reabsorbed into the blood stream (70). Mn will cross the BBB and accumulate 
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inside the basal ganglion and in the astrocytes. Increased Mn concentration within the basal 

ganglia will cause extrapyramidal symptoms, disturbing the dopaminergic neurotransmission 

(18). Extrapyramidal symptoms include rigidity, tremors, and akinesia (19). In the astrocytes, 

it causes Alzheimer's type 2 degeneration, leading to disturbed glutamate reuptake. 

Additionally, accumulated Mn disturbs the cerebral energy metabolism (20). Glucose influx is 

impaired due to the increased Mn concentration within the neurons. Oxidative stress is the 

consequence of the impairment of the mitochondria oxidative glucose metabolism, which the 

de novo synthesis of lactate compensates. This anaerobic lactate metabolism is the alternative 

pathway of energy production, but the increasing concentration of lactate in the neurons will 

lead to complications, like worsen the neuronal antioxidant capacity and energy metabolism 

(18).  

4.3.3 Systemic inflammation 

 Systemic inflammation, in combination with increasing ammonia concentration, is 

related to the progressive worsening of the cognitive function, due to the degranulation of 

neutrophils. The neutrophils release reactive oxygen species (ROS), which are able to cross 

the BBB. Bacterial translocation, due to the developing dysbiosis, which will be further 

explained in Section 4.5, leads to endotoxin production and is followed by endotoxemia (22). 

Tumor Necrosis Factor-alpha (TNF-α) and interleukin-6 (IL-6) are the most important 

cytokines in combination with endotoxemia, which will occur in SIRS (23). The released 

inflammatory mediators in case of SIRS will lead to a redistribution of the cerebral blood 

flow (24) from the cerebral critical region to the basal ganglia, cerebellar and thalamic 

structures. The cerebral blood flow redistribution is associated with the brain glucose 

utilization (25). The energy deficiency is compensated by anaerobic lactate production, which 

is explained in Section 4.3.2 (18). 

4.3.4 Neuroinflammation 

 Microglia are the macrophages of the CNS, and have an important role in the 

pathogenesis HE and in the worsening course of neuroinflammation. In the specific case of 

HE several triggers, like cerebral edema, systemic inflammation, and oxidative stress (27), 

activate the microglia by increasing them in their number (26). Activated microglia will 
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produce neurotoxic pro-inflammatory cytokines, like TNF-α and IL-6, glutamate, and ROS, 

which will lead to neuroinflammation. TNF-α supports the microglial glutaminase expression, 

which will accelerate the glutamate concentration, and it will increase the expression of gap 

junctions on the neuronal cell surface. Those two processes will lead to excitotoxic neuronal 

death, which describes the death of neurons due to intense exposure of the excitatory 

glutamate neurotransmitter. TNF-α will also lead to the impairment of the neuronal 

mitochondria, enhancing the neuronal cell death. Impaired axonal and dendritic transport will 

enhance the neuronal death. Increased concentrations of IL-6, produced by the activated 

microglia, are associated with the cognitive alteration of patients, due to its neurotoxicity. 

Mitochondrial oxidative metabolism as well as the microglia produce ROS, like superoxide 

anion, hydroxyl radical, and hydrogen peroxide, which will cause oxidative damage to lipids, 

proteins, DNA, and polysaccharides (28). Furthermore, the impairment of the oxidative 

metabolism of the mitochondria will lead to reduced cerebral glucose formation, which will 

cause an energy deficit within the CNS. The increased concentration of ammonia will lead to 

an increased expression of the toll-like receptor-4 and the production of cytokines, which will 

enhance the neuroinflammation. All together, these processes lead to an increased 

permeability of the BBB (29), which will increase the distance of the gaps of the endothelia 

cells of the BBB. The widen gaps of the BBB allow larger molecules to pass the BBB, 

enhancing the brain edema and may lead to cerebral herniation, which leads to fixed and 

dilated pupils (30). 

4.4 Neurotransmitter 

 The typical neurological clinical signs are not only caused by the above mentioned 

substances. Another important factor, which will worse the course of the disease, is the 

imbalanced neurotransmission of excitatory and inhibitory neurotransmitter. The following 

Sections explain the pathways of several neurotransmitter which play an important role in the 

deteriorating course of the cognitive function of the patients.  

4.4.1 Glutamine 

 Glutamine is the precursor of the neurotransmitters glutamate and GABA. The de 

novo synthesis of glutamine is the pathway of the cerebral detoxification of ammonia within 
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the CNS. As already mentioned in Section 3.2, the glutamine synthetase produces glutamine 

by adding ammonia to glutamate. Excessive blood ammonia concentration is compensated by 

excessive de novo glutamine synthesis. Glutamine is an osmotically active agent, which 

promotes the further swelling of the astrocytes. Due to the increased permeability of the BBB 

ammonia is able to diffuse in large amounts into the astrocytes, which leads to an 

overwhelmed ammonia metabolism within the astrocytes. The excessive ammonia, which can 

not be transformed into glutamine, diffuses freely into neighboring neurons. It will result in 

further cerebral swelling, neuritis, and an imbalance of excitatory and inhibitory 

neurotransmitter (20, 31).  

4.4.2 Glutamate 

 Glutamate is a physiologically excitatory neurotransmitter and is produced by the 

phosphate activated glutaminase from glutamine. Glutamate is stored in vesicles within the 

presynaptic terminal and is released in the synaptic cleft due to the fusion of the vesicle with 

calcium to the presynaptic membrane. Into the synaptic cleft released glutamate binds to N-

methyl-D-aspartate receptor (NMDAR), α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 

acid receptor (AMPAR), and kainate receptors. The physiologically synaptic responses of 

these three receptors differ. NMDAR has a slow synaptic response, and AMPAR has a fast 

synaptic response. The physiological function of the kainate receptor is not known, but it is 

known that is implicated in epiletogensis and cell death (32). The excessive glutamate in the 

synaptic cleft is reabsorbed from the presynaptic cleft by the excitatory amino acid transporter 

(EAAT) to keep the extracellular glutamate levels low (33). In case of HE, the EAAT are 

blocked due to unknown reasons, which leads to the excessive accumulation of glutamate in 

the synaptic cleft. The consequences of the accumulation of glutamate in the extracellular 

space leads to astrocyte-mediated inflammation, formation of ROS, and the further realease of 

glutamate into the synaptic cleft, which leads to excitotoxicity. The excitotoxicity is in 

physiologically circumstances prevented by the glutamate reuptake of the EAAT in the 

presynaptic terminal. These alteration is usually associated with clinical signs like cognitive 

and motor alterations (34).  
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4.4.3 GABA 

 GABA is an inhibitory neurotransmitter, which can induce coma or decreased 

consciousness in case of HE. Physiologically, GABA is produced by the gut bacteria and 

metabolized within the liver. In case of HE, the liver is not able to metabolize the large 

amounts of gut bacteria derived GABA. The isomer of GABA, alpha-amino-isobutyric acid, 

is able to cross the BBB in an abnormally large quantity, due to the increased permeability of 

the BBB. An increase of the density of the GABA receptors is the consequence, due to the 

increased amount of accumulating GABA within the CNS (35). The synthesis of 

neurosteroids are effectively ligands of the neuronal GABA receptors, which are synthesized 

by the increased density of in the astrocytic mitochondria localized peripheral-type 

benzodiazepine receptors. The ligands enable an intensified receptor neurotransmitter binding 

of GABA and its corresponding receptor, which results in an increased influx of chlorine in 

the postsynaptic membrane (20). As already mentioned, the inhibitory action of GABA leads 

to changes of the consciousness, or can even lead to HE coma (35).  

4.4.4 False neurotransmitter 

 The theory of false neurotransmitter is based on the malnutrition of patients with 

chronic liver failure (CLF), which is associated with the concurrent inflammation, 

hypercatabolism, malabsorption and maldigestion, and impaired glycogen storage (36). 

Muscle degradation into aromatic amino acids (AAA) is the consequence of the lacking 

nutrients, which will increase the plasma concentration of AAAs, like phenylalanine (PHE), 

tyrosine (TYR), and tryptophan (TRP). The equilibrium of AAAs and branched-chain amino 

acids (BCAA) becomes unbalanced, the plasma concentration of AAAs are increasing and the 

plasma concentration of BCAA is decreasing. The physiologically metabolism of BCAA are 

oxidized to produce energy within the peripheral tissue and they are anticatabolic factors, 

which reduce the degradation of muscle fibers. The pathologically increase of the plasma 

concentration of AAAs cause the accumulation of AAAs within the brain, which leads to an 

impairment of the neurotransmitter synthesis. This impairment of neurotransmitter synthesis 

plays a key role in the course of HE. False neurotransmitters, like octopamine and 

phenylethanolamine, are the end products of the impaired neurotransmitter synthesis (37). 

They bind to the catecholamine receptors and block the catecholamine action of the proper 

neurotransmitters, which decrease the intrinsic activity of these receptors (38).  
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4.5 Dysbiosis 

 HE has several stages in human medicine, minimal (MHE) and overt (OHE) hepatic 

encephalopathy. Those stages describe an impaired gut-liver-brain axis in the case of liver 

diseases. MHE and OHE are associated with microfloral changes, leading to poor cognition, 

endotoxemia, and inflammation. Recent human studies focused on the fecal microbiota 

analysis of patients with liver diseases. Patients in the group of OHE have significantly 

higher Enterobacteriaceae, Alcaligeneceae, and Fusobacteriaceae (39). 

Lower autochthonous taxa are also very notable. The autochthonous taxa 

include Lachnospiraceae, Ruminococceae, Porphyromonodaceae,  and Clostridiales XIV. In 

comparison to cirrhotic patients without HE, the group OHE has a higher Veillonellaceae. The 

increased population of Alcaligenaceae and Porphyromonodaceae correlate with impaired 

cognition. Streptococcus salivarius produces, due to its high urease activity, a considerable 

amount of ammonia within the gut, which is linked to impaired cognition. This increase of 

this species can be seen in MHE patients (39). 

Child-Turcotte-pugh (CTP) and Model for end-stage liver disease (MELD) are scoring 

systems that measure the severity of cirrhosis. CTP measures the prothrombin-time, serum 

albumin, bilirubin, HE, and ascites severity. MELD calculates the logarithmic score of 

bilirubin, creatinine, and the INR of prothrombin-time. An increased population 

of Streptococcaceae  is positively related to CTP, meaning worsening of HE. The expanding 

population of Enterobacteriaceae can cause an increased MELD value (39). 

The cirrhosis dysbiosis ratio is the ratio of the autochthonous taxa and the non-

autochthonous taxa. The non-autochthonous taxa include pathogenic bacteria 

like Enterobacteriaceae and Bacteroidaceae. In the case of dysbiosis, the ratio shifts towards 

the non-autochthonous taxa. This shift leads to hyperammonemia, endotoxemia leading to 

systemic inflammation, inflammatory cytokine release, and bacteremia, progressing the 

already impaired cognition (39). 

FMT is a newly assayed method in the treatment of HE. The aim is to restore gut 

microfloral dysbiosis, shifting the ratio to the site of the autochthonous taxa. These taxa have 

a low urease activity and reestablish the integrity of the intestinal barrier, which is beneficial 

for the liver (45). The following Section explains the mechanism of FMT, and how it is in 

correlation with the improvement of the course of HE.

 20



5. Mechanism of the transplanted fecal microbiota 

 The aim of treating HE is to decrease the ammonia load from the GIT to the liver. To 

achieve this goal, the above mentioned dysbiosis has to be corrected, which can be achieved 

by transplanting the microbiome of healthy donor gut into the recipient gut. This Section 

focuses on the specific mechanism of FMT, how it will affect the gut microbiome and the 

improvements, which will result from the restored equilibrium of the intestinal microbiome in 

patients with HE. It also includes a study of two groups of rats with induced hapatosis and 

accomapnied HE. To clarify the effects of FMT on cognition and on the microflora of the gut, 

the rats were devided into two groups, where one group was treated with FMT and the other 

group did not receive any treatment.  

 To explain the mechanism of FMT in the recipients gut, we have to focus on the basic 

principles of competitive exclusion principle, which will achieve a homeostasis of the two 

rivals (49). To relate it to FMT, the transplanted micro- organisms either compete or directly 

interact with the recipient's gut microbiota, where one species will increase, and the other 

species will reduce in its population (55). Figure 4 shows the competition mechanism between 

the donor and the recipient microbiome. Bacteriocins are one possibility of the gut microbes 

to compete against each other, which is based on the theory „survival of the fittest“. They are 

antimicrobial peptides, synthesized by Ribosomes of gram-positive and gram-negative 

bacteria (49), which will cause pore formation of the bacterial cell wall, and inhibit the 

synthesis of cell wall, nucleic acid, and proteins (64). These peptides only have a narrow 

antibacterial effect, which is only crucial for closely related strains, and will improve their 

own performance (65). Consequently, toxin producing bacteria are killed, which will limit the 

toxin production of the microbial flora. The increasing variety of bacteriocins, leads to a more 

extensive spectrum of the antibacterial effect (49). The host will benefit from this competitive 

mechanism, because the ongoing imbalance of autochthonous taxa and non-autochthonous 

taxa is shifted towards the beneficial autochthonous taxa. The bacteria of the autochthonous 

taxa are low in urease activity, hence the microbial ammonia production within the GIT is 

reduced, which will consequently reduce the ammonia blood concentration (45). The 

concurrent dysbiosis disrupts the tight junctions between enterocytes, which will 

consequently decrease the integrity of the intestinal barrier. It is proven by a study that the 

integrity of the intestinal mucosa can be restored due to the induced equilibrium of the 
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intestinal microflora by FMT. This study included laboratory rats, where acute hepatosis was 

induced with carbon tetrachloride injections. The rats had accompanied HE due to the induced 

liver failure. Histological examination of the intestinal mucosa, shows that the rats, treated 

with FMT, have a decreased mucosal damage, edema, and inflammatory cell infiltration 

compared to the rats, which were not treated with FMT. The study also compared the systemic 

inflammation mediators, like TNF-α, IL-1, and IL-6, of the two trial groups. There was a 

significant difference between the rats, which received FMT treatment and the rats, which 

were not treated. The concentration of the pro- inflammatory mediators were remarkable low 

in the group treated with FMT. Rats treated with FMT show an increased learning ability, they 

were able to understand and learn things significantly faster than the rats without FMT 

treatment. FMT has also a beneficial effect on the liver, the study shows that the FMT treated 

rats did have less hepatic necrosis than the rats, which did not received FMT treatment (56). 

Similar to cognitive testing in rats, there are some studies in human medicine, which test the 

attention and the response time of patients with HE (57). Also in human medicine the results 

show clear outcomes, FMT causes improved cognitive function of patients with HE. This 

human study did not only detect the beneficial effect of FMT on the expression of the tight 

junction proteins within the GIT, but also on the endothelial cells of the BBB. The increased 

formation of tight junctions in the BBB will decrease the permeability of the BBB, which 

restores the health of the brain (66).  
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Figure 4: mechanism of FMT — competition between donor and recipient gut microbiome 
to achieve balance between autochthonous and non-autochthonous taxa and the effect on the 
hosts immunity (49). 

 In order for the FMT mechanism to function, the transplant has to be administered to 

the recipient, which will be explained in more detail in the next Section.  
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6. Fecal microbiota transplant 

 It is now clear how FMT works in the gut and how it is able to improve the course of 

the disease by modulating the gut microbiome, but this Section focuses on the transplant 

itself, which analyses the way of application, the preparation of the donors and the recipients, 

and the sampling and transplantation process (46). Most of the data, which are included in this 

Section, originate from studies in human medicine (57). Nevertheless, there is one published 

clinical study about FMT in parvovirus-infected puppies. I  have included this study into my 

thesis, because several data can be very useful for further studies in this field of scientific 

research. Those crucial data from this study are the selection of a donor dog and how to 

prepare the feces material  for transplantation (58). If there are no similarities between the 

human and veterinary medicine, the differences of FMT will be explained in this Section. The 

reason for choosing human studies as an example for this thesis is because of the large 

amount of similarities of the human GIT and the GIT of dogs. One study found significant 

correlations of these two carnivore guts. Dogs are adapted to live in the same environment as 

humans, and to eat similar diets. Therefore, humans and dogs live in a cohabit with almost the 

same environmental factors. So, the mammalian gut microbiome of carnivores adapted to 

similar conditions (59), resulting in a similar microbial flora consisting of bacteria, fungi, 

protozoa, and viruses. The most commonly represented bacterial phyla in the mammalian 

carnivore gut are Firmicutes, Bacteroidetes, Proteobacteria, Fusobacteria, and 

Actinobacteria (58). 

6.1 Delivery Route 

 Analyzing the route of delivery, I have come across several different techniques, 

which are divided into upper application routes and lower application routes. The upper route 

of application include gastroscopy, nasoenteric tube, and oral capsules. Enema and 

colonoscopy belong to the lower application route (46). Oral capsules contain either frozen 

stool or lyophilized stool, which both have similar efficacy. The stool is mixed with a 

cryoprotectant, which can be, for example, glycerol. A double or triple encapsulation of the 

FMT protects the FMT from the low pH within the stomach. The capsules can target the 

stomach (fecal microbiota transplant gastric release, FMTgr) or the intestines (fecal 

microbiota transplant colonic release, FMTcr), where the intestines are the better target for the 

FMT release. When the FMT is released within the stomach, it will be chemically and 
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enzymatically degraded. The extra layers of encapsulation are essential for the FMTcr. Short-

term outcome of only eight weeks effectiveness is the result of oral capsule application, which 

can be considered as a disadvantage. The traditional ways are enema, colonoscopy, 

gastroscopy, and nasoenteric tube. In the case of gastroscopy, there is the risk of developing 

aspiration pneumonia (46), due to developing nausea, which is followed by vomiting (60). 

Trails have shown that enema is the least effective method in FMT because it has shown a 

low response rate. The colonoscopy has shown “excellent cure rates”, in which the FMT is 

transplanted into the terminal ileum (47). In small animals, the most common route of FMT 

administration is with fresh feces. Fresh feces is collected from the donor dogs and has to be 

processed within 6 to 12 hours. The feces solution is administered via enema or colonoscopy 

at a dose of 5 mg per bodyweight. Sedating difficult dogs is debated by several veterinarians. 

Keeping the recipients quiet for at least 30 minutes is necessary to prevent the freshly 

administered solution from being removed (58).  

6.2 FMT formulation 

 There are three forms of how the stool for FMT can be prepared. The first option is to 

use fresh stool. This method is used in direct transplantation. In human medicine, relatives are 

used for frozen FMT. After collection, the fresh stool is homogenized with phosphate-

buffered saline in a ratio of 1:3 until 1:5. Once homogenized, the suspension is filtered 

through sterile gauze to remove particles. The administration should be within two till eight 

hours, but at lower temperatures, four degrees, it can be stored up to 24 hours. The frozen 

stool FMT is stored at -80 °C and can be kept for up to a year. It is also called ‘ready to use’ 

stool. During preparation, the fresh stool is mixed with 10% glycerol, which serves as a 

precipitant, preserving the long-term storage of microorganisms. The last method for the 

preservation of FMT is lyophilized stool. The lyophilization process removes the water and 

other solvents from the fresh stool under low pressure and temperature. The first step is to 

freeze the filtered stool, followed by freeze-drying. This means that ice enters the gaseous 

state without passing the liquid state, also called sublimation. A stable product easily stored at 

room temperature is produced (48). There is one study of applying FMT to dogs, but it is not 

for treating HE, instead the study used FMT application for parvovirus- infected puppies.This 

study used the method of diluting the feces of the donor dogs with saline, which can also be 

considered as a possible formulation of the donor feces. The volume for the saline is 
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calculated by the feces weight of the donor dog multiplied by four. The solution is mixed and 

filtered through a layer of gauze. The filtered feces solution has to be directly administered to 

the recipient dog (58). The clinical study of human patients with HE extracted the DNA of the 

microbiome by homogenizing the collected stool. 0.2 mg of stool was suspended in 

argininosuccinate lyase buffer with 0.75 g of 0.1 mm zirconia/silica beads. This suspension 

was put in the centrifuge for one minute at 4.800 revolutions per minute to disrupt the cells, 

followed by a 90 °C water bath for ten minutes. The last step for identification was to perform 

a length heterogeneity PCR to fingerprint the 16 subunit ribosomal ribonucleic acid of the 

fecal microbiota (57).  

6.2.1 Factors influencing formulation of FMT 

 As previously mentioned in Section 6.2, the sample can be stored frozen for the next 

application in the future. On the contrary, it has to be considered that in frozen stool, 

microbial viability will decline with time, which has been shown by quantitative PCR. The 

PCR results of 9 months old frozen samples have shown a significant decrease in populations 

of Bifidobacterium and Lactobacillus, which are two important groups of bacteria in the 

course of HE (49). 

6.3 Dose and frequency 

 Additionally, the optimal dosage of FMT application is an important role in order to 

get the best results of the treatment. The optimal dosage of FMT is 50 g. Lower doses have a 

lower efficacy, which has been reported. There are no information about the consequences of 

a FMT overdose (46). The frequency of FMT applications remains unclear until now, but 

studies have shown that a higher frequency improves the result of the FMT treatment (50). 

6.4 Recipients  

 In recent human medicine studies, the recipients of the FMT received a pre five-day 

antibiotic treatment. This pretreatment increased the success of donor bacterial colonization 

compared to the patients without antibiotic pretreatment (51). The aim of the pretreatment 

with antibiotics decrease the bacterial load of the hosts GIT, which consequently decreases the 

diversity of the hosts gut microbiome, and enable the colonization of the donors microbiota 

(61). Studies used vancomycin, fidaxomicin, and metronidazole as a pretreatment of FMT in 
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patients with liver cirrhosis. The antibiotics were administered in this study via colonoscopy. 

One case reported a complication of E. coli bacteremia accompanied by fever (52). The 

pretreatment with vancomycin, fidaxomicin, and metronidazole, had the best outcome in 

reducing the diversity of the recipients gut microbiome (62). 

6.5 Donors 

 To be considered as a potential stool donor, the donor will be screened on several 

diseases. This screening should minimize the transmission of infectious agents and reduce the 

risk of donor traits linked to dysbiosis. Following diseases are exclusion criteria: viral 

hepatitis, inflammatory bowel disease, irritable bowel disease, autoimmune or neurological 

disorders, immune comprehensive, cancer, obesity, HIV, Chlamydia, and enteric pathogens 

like E. coli, Salmonella, Campylobacter, and Clostridium difficile (46). A study on humans 

and mice has shown that the circadian rhythm also influences the stool's microbial 

composition in a minor way. The diurnal oscillations depend on the feeding rhythms, leading 

to different stool profiles throughout the day. These profiles differ in composition and function 

(53). The bacterial load was the highest at eleven post meridiem, and at seven ante meridiem, 

it had the lowest bacterial load (54). Same as in human medicine, the donor dog is screened 

on several diseases. The body condition score has to be normal, in the range of four to five on 

a scale from one to nine. Donor dogs with gastrointestinal diseases, like vomiting and 

diarrhea, are excluded. Screening the feces for intestinal parasites is essential. PCR screening 

is performed to rule out enteropathogenic bacteria. Dogs treated with antibiotics in the last 

three to six months are also excluded from being fecal donors (58).

6.6 Possible adverse effects  

 FMT is usually considered as a safe therapy, but in some cases in human medicine it 

can lead to adverse effects, which may even kill the patient. The possible side effects of FMT 

therapy can either be short term or long-term events, which both are usually uncommon. 

Short-term adverse events can be transient fever, abdominal pain, bloating, flatulence, 

diarrhea, nausea combined with vomiting and the developing aspiration pneumonia, bowel 

perforation, bleching, constipation, hematochezia, endotoxaemia, and death. The long-term 

adverse events include obesity, immune mediated disorders, irritable bowel syndrome, and 
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inflammatory bowel disease (63). The veterinary study of parvovirus-infected puppies did not 

mention adverse reaction to the FMT treatment (58). 

6.7 Human study results 

 Microbial analysis was used to identify the altered bacterial flora one month and one 

year after the FMT treatment of patients with HE, which show a clear success in the long-

term modulation of the gut microbiome, further details can be seen in figure 5 (68). This long-

term success of the modulated gut microbiota is in close association with cognition and 

quality of life of the patients. The MELD score was positively correlated 

with Enterobacteriaceae, Porphyromonadaceae, Veillonellaceae, and negatively correlated 

with Ruminococcaceae. The presence of Enterobacteriaceae was associated with TNF-α. An 

association was also recognized between worsened inflammation (IL-13, IL-6) and 

endotoxemia, as well as the population of Veillonellaceae and Fusobacteriaceae. In 

comparison, Ruminococcaceae were negatively correlated to endotoxemia. Poor cognition on 

i n d i v i d u a l t e s t s w a s a s s o c i a t e d w i t h t h e p r e s e n c e o f t h e p h y l a 

of Alcaligeneceae and Porphyromonadaceae. The HE group showed a defined higher 

abundance of Veillonellaceae than the non-HE group. Within the HE-group, there is a 

significant correlation between IL-23 and the phyla of Leuconostocaceae, Eubacteriaceae, 

Erysipelotrichaceae, Moraxellaceae, Streptophyta, and Streptococcaceae. Further correlations 

between IL-2 and IL-13 and the phyla of Fusobacteriaceae and Prevotellaceae were found. 

Poor performance on the cognitive test was correlated to the presence of 

Porphyromonadaceae and Alcaligenaceae (57).  
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Figure 5: Venn diagram — human study, taxonomic classification of gut microbial 
composition is shown from kingdom to species pre- and post-FMT 
01 corresponds to the donor, 02 to the recipient (pre-FMT), 03 to the recipient (at 1 month 
post-FMT), and 04 to the recipient (at 1 year post-FMT). Microbial-compositional structure is 
presented according to (A) kingdom (B) class, (D) order, (E) family, (F) genus, and (G) 
species. All of the diagrams of figure 5 show the accordance of (A) - (G) of the recipient in 
different time periods to the donor. To describe the diagram (G) more accurately, one month 
post-FMT 22 bacterial species of the donor gut microbiota were found in the recipients stool 
and also after one year post-FMT 18 equal bacterial species were still found in the recipients 
stool. The conclusion of this study is that FMT also have a long-term modulating effect on the 
recipients gut microbiome (68). 
 

6.8 Future prospective of veterinary studies on dogs 

 The trend of using FMT as a treatment for several diseases is constantly increasing. 

There are several current studies in human medicine about the treatment of HE with FMT, and 

also in veterinary medicine concerning the treatment of several acute or chronic 

gastrointestinal disorders. The outcomes of these studies will be known in a few years, but the 

prospect of these studies is aspiring (58). However, this new treatment has already had 

remarkable good outcomes in treating HE human medicine, which are very promising. 

Starting new clinical trials on small animals could also be very promising due to the vast 

similarities of the microflora of the GIT between humans and dogs (59). The following case 

report should motivate more veterinarians to dedicate themselves to this new treatment 

method, in order to be able to treat just such cases in the near future. Especially because there 

are already promising results from human medicine, this topic should also be further 

researched in veterinary medicine, to enable dogs with HE a better quality of life.  
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7. Case report 

 This case report was presented to me by a German veterinarian, Reiner Hausmann. His 

veterinarian clinic is located in the northeast of Germany, in „Mühlheim an der Ruhr“. A 

french bulldog puppy was presented to him and he diagnosed a congenital hepatic shunt with 

accompanied HE. The previous owner could not afford the diagnostic testing and the 

treatment, hence Reiner Hausmann adopted her (69).  

7.1 Anamnesis 

 Bella, a six-month-old french bulldog puppy, was presented to Reiner Hausmann on 

the 18th of October 2021 with neurological symptoms. She could not respond to 

environmental factors while she was awake and furthermore she was sleeping more than 

usual, and was less active than other puppies in her age. While walking her head was hanging 

down and she was not able to respond to her surrounding environment, which lead her to walk 

against objects. Compared to the other puppies in her age, her gait pattern was completely 

different. She also could not keep her legs in a straight position, which lead to a gait with 

spread legs. After she got adopted by the family from Reiner Hausmann, he noticed 

polydipsia and polyuria. This behavior was very prominent, because she had to urinate 30 

times a day. Reiner Hausmann also changed her diet to a liver diet, which should improve the 

liver function, due to its decreased metabolic load of the liver. This prescribed diet has a 

decreased protein amount, but the proteins have a higher bioavailability. These proteins are 

egg or dairy-based proteins. A few days after changing her diet, her mental state improved, 

but it did not alleviate all of her symptoms (69). 

7.2 Differential blood count 

 On the day of her presentation to the clinic on the 18th of October 2021, a blood 

sample was taken and sent to the laboratory. Reiner Hausmann took an EDTA blood sample, 

an EDTA frozen serum sample, and a standard serum samples. The laboratory performed a 

differential blood count. Until the 29th of October 2021, after her adoption, her symptoms 

worsened and a second blood sample was taken. The laboratory results from the 18th of 

October 2021 are listed in Appendix 1, and Appendix 2 shows the laboratory results from the 

29th of October 2021.  
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7.2.1 Evaluation of the differential blood count, 18.10.2021 

 The decreased value of MCV indicates a microcytosis, which can be related to a PSS. 

Leucocytosis is an indicator that a current inflammation is present, which will lead to a mild 

non-regenerative anemia. In the haemogram, a mild non-regenerative anemia can be 

interpreted due to the combination of the decreased value of MCV, an average value of 

MCHC, and non elevated reticulocyte count. Failure of the liver function is indicated by a 

mildly increased level of the liver enzymes alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), GLDH, and alkaline phosphatase (ALKP). In Bella´s case, all of the 

enzymes were mildly elevated, except ALT, which was 3.4 times elevated. Decreased 

cholesterol and triglyceride values indicate in general liver problems. Important parameters in 

the diagnosis of decreased liver function are blood urea nitrogen (BUN) and albumin values. 

Urea and albumin are synthesized in the liver, decreased values indicate decreased liver 

function, PSS, or acute inflammation. Additionally, decreased thyroxine (T4) values were 

noticed, this can be explained due the importance of the liver on the metabolism of thyroid 

hormones. T4 allows to conclude, that a decreased T4 correlates with the severity of a liver 

disease (67).  

7.2.2 Evaluation of the differential blood count, 29.10.2021 

 The hematology shows that the microcytosis changed during this time period into a 

normocytosis, which also regenerated the anemia. The cholesterol and triglyceride values are 

still decreased, due to the persistent liver problems. BUN did also not improve, but the 

albumin was slightly elevated, which can be a consequence of the highly bioavailable proteins 

of the liver diet. This blood work also measured the blood ammonia concentration, which was 

increased by 3.6% than the normal value. This severe increased value does not stand in 

correlation with the severity of the clinical signs, it only indicates that there is a liver problem, 

and in case of Bella it is the result of the congenital PSS. The inflammation process lead the 

neutrophils to a right shift, which is indicated by the 1.4% times increased value of the 

segmented neutrophils and the 1.4% increased value of the monocytes. They are the indicators 

of a chronic inflammation. Band form neutrophils are elevated by 6%, which indicates the 

new neutrophil production of the bone marrow, due to the increased use of the neutrophils. 

The T4 levels did not improve, which also indicates the liver problems (67).  
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7.3 Diagnosis 

 Reiner Hausmann diagnosed Bella with a PSS with accompanied HE. Diagnostic 

imaging alone was not enough to diagnose the PSS, he needed to perform an explorative 

laparotomy to see the expansion of the PSS. It turned out that the PSS is build out of a 

network of arteries which connected the portal vein with the systemic circulation. In this case 

the congenital PSS is not easy operable and is highly complex. Based on the clinical signs and 

the increased blood ammonia concentration of the second laboratory results, accompanied HE 

was diagnosed. Concurrent chronic inflammation has been diagnosed by the elevated cell 

count of segmented neutrophils and monocytes (69). 

7.4 Treatment 

 In Bellas case it is hard to decide if surgery would be helpful or if it will worsen her 

prognosis. The problem here is the intricate network of arteries, which forms the PSS. The 

shunt could be ligated with an ameroid ring to stop the abnormal circulation and restore the 

blood flow of the liver, which will improve the detoxification of ammonia and other toxic 

substances. It also may be, that several surgeries are needed and the fact that she is a 

brachycephalic breed makes the anesthesia difficult and more risky. Concerning the topic of 

this thesis, FMT could be used as a supportive treatment. Certainly, FMT is no treatment of 

the actual cause which induces HE, but it definitely will improve her mental health and 

improves her quality of life. FMT is an experimental treatment due to the fact that until now 

no studies have been published concerning FMT treatment of HE in dogs. However, the 

results of the human study show clear success in improving the mental state and cognitive 

behavior of the patients. As already in Section 6 mentioned, it is possible to correlate the 

human GIT microbiome with the microbiome of the carnivore GIT. Therefore, it would be 

possible to transfer the acquired knowledge from the human study onto veterinarian cases. 

FMT would decrease her blood ammonia concentration, because of the reduction of urease 

producing gut bacteria, and it also would decrease her systemic inflammation. IL appearance 

correlates with the abundance of some phyla within the GIT. IL production decreased by 

shifting the ratio back to the autochthonous taxa after FMT application, and fewer 

inflammation signs were present in the human patients (36). Furthermore, the liver-prescribed 

diet with proteins high in bioavailability should be continued to keep the decreased metabolic 
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load to the liver. Feeding the liver-prescribed diet is only a supportive treatment, but can  not 

restore the liver's normal function.  
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8. Conclusion 

 This thesis aimed to research FMT as a new treatment for dogs with HE. As preciously 

mentioned in Section 6, there are 2 reasons, why I human study results in this thesis are 

included. Those 2 reasons are, that FMT treatment in veterinary patients with HE is not 

studied (36), and that the human and dog gut have similar microflora due to their adaption to 

the same environmental factors (38). The case report of the french bulldog puppy shows the 

appearance of liver diseases with accompanied HE in dogs and the possibilities of treatment, 

including FMT. 

 The main aspects of human research are shortly summarized as follows. Cognition is 

directly correlated with the abundance of Porphyromonadaceae and Alcaligenaceae. In the 

HE-group, the IL-23 is highly associated with several phyla of the GIT. Patients on lactulose 

and lactulose and rifaximin did not show any significant differences in their stool flora. The 

systematic withdrawal of lactulose had a minimal effect on the microbial flora. The problem 

concerning the study of associating the microbial gut flora to a disease is the individual 

differences between the patients (36). 

 Nevertheless, the study noticed a significant difference between the healthy control 

group and the cirrhotic group and between the non-HE and the HE groups. In the control 

group, Ruminococcaceae and Clostridium XIV were overrepresented and were proportional 

less present in the cirrhotic group. Increased Alcaligenaceae population was associated with 

poor cognition in the HE group. The abundance of Enterobacteriaceae correlates with the 

worsening of inflammation (36). The study shows outstanding outcomes of FMT by 

improving cognition, dysbiosis, and the accompanying inflammation.  

 The outcomes of this research have provided insight in positive results of human 

studies (68), and how these studies can be the basis and encouragement for studies in 

veterinary medicine on this field. However, the results are still uncertain about the long-term 

effects of FMT, but the current results are promising. In spite of the large similarities of the 

human and dog gut (59), those similarities do not cover every little detail about the individual 

digestion and the microflora of the GIT. It has to be conscious, that not everything can be 

transferred from humans to dogs. Nevertheless, including the human study results were a big 

help in several aspects in this thesis, and the missing data in the veterinary field should 

encourage further veterinarians or scientists to perform experiments on dogs with HE. In the 
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opinion of the Author of this thesis, this topic has a bright perspective, because FMT is a 

simple and non-invasive method with a big influence on the neurological status of the 

patients, which can improve the quality of life of dogs with HE. This is a big step not only for 

the dogs but also for the owners to not see their animals suffer and do not have to put them 

down due to the impaired cognitive function. Due to the promising outcomes in human 

medicine (57), the Author of this thesis is very optimistic about future results of experiments 

in veterinary medicine.  

  

 So all in all the Author of this thesis believes, that FMT could be a new treatment 

method of HE in the veterinary field, but the Author of this thesis also like to emphasizes that 

this requires a lot of experiments on dogs, and finding the suitable patients takes a lot of time, 

but this should not be a deterrent. Rather should the positive outcomes of previous studies in 

human medicine encourage veterinarians to bring this research into veterinary medicine.  
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