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Abstract

Protein losing enteropathy (PLE) is an important cause of morbidity and morigbdyiénts who have
undergone Fantan palliation. While multiple PLE therapies have been reported, norav/éds pr
consistently effective. Patients who do not respondtemtiard” PLE therapies face poor long term
outcomes. “We_ report heresignificantresponse to dopamine infusion in 3 patients with chronic,
refractory.PLE. We hypothesize that this response may be at least partially due ammanda@ifect on

lymphaticreceptors rather than to an augmentation of cardiac output.

Heart transplantation; Fontan operation; pretesing enteropathydopamine

I ntroduction

Protein losing enteropathy (PLE) isedativelyuncommon but potentially life threatening
complication.ef'Fontaipalliated single ventricle congenital heart disease. PLE is characterized by
protein lossithrough the intestinal lumen with a cascade of downséféssts”. It has been reported in
1% to 13% of Fontan patiert§ though the potential for asymptomatic disezmepled withthe lack of
routine screening makes the true prevalence unknown. Mortality of up to 50% has been repionéd wi
years of the diagnosfé, andthough survival has likely improved in the currentemLE-associated

morbidity remains significant witincreased infection risk relatedimmmune dysfunctiomaltered
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calcium metabolism, growth failure, and frequent hospitalizatonsmon among PLE patierfts
Althoughmultiple therapies have been used with apparent success in select patients, no therafpy short o
heart transplant has proven to consistently alleviate PLE symptoms. Here we sigaificantresponse

to dopamine infusion in three patients with chronic, severe PLE unresponsive to sthecges and

discuss potential physiologic mechanisms for this obsaeagabnse.
Case Report

Patient 1 was a 19 yeald mde with an unbalancetight dominant) atrioventricular septal
defectstatus,postenestrated lateral tunnEbntanat 1 ¥ years of ageDespite good Fontan
hemodynamicsat'age 9 he developed symptomatic PLE, with hypoalbuminemia and elevated fecal a-1
anitrypsin./He wadreated with therapy includingudesonide, sildenafispironolactonand octreotide
and for many yéars required 1 to 2 annual admissions for albumin infusion. At age syfnptoms
worsened dramatically with marked fluid overload and persistent hypoalbumin€anidiac
catheterization revealed a Fontan pressure of 13 mm Hg, right ventricular enlicdiasssure of 8 mm
Hg, acardiac index of 3.9 L/min/ma&ystemic vascular resistance of 12.5 migiL/min, and pulmonary
vascular resitance of 1.5 Wood units XmHis echocardiogram demonstrated mildly depressed right
ventricularisystolic function and mild tricuspid regurgitati@verthe next2 yeas, he required 17
admissions:fealbuminreplacement He developed acute kidney injury during one hospitalization and
milrinone was initiated.This resulted iracute hypotensiqgrandthe milrinone was stopped and replaced
with dopaminem=On dopamine, his kidney injury imprawetd his albumin level was noted to rapidly
stabilize. Of note, there was no apparent change in resting heart rate on dopamine, with documented heart
rates rangingsbetween 80 and 120 beats per mibpte)before and after dopamine was initiatéithe
dopaminewnas continue@s an outpatienandthe patientequired only one admission for PICEmonth

after starting'dopamin@yver thesubsequent9 months prior to heart transplation

Ratient.2. was a 21 yeald mde with hypoplastic left heart syndrome status gesestrated
lateral tunneFoentanat 2 years of age. He was diagnosed with PLE at age 13, with hypoalbuminemia and
elevated fecal a-1 antitrypsin. He was treated with oral budesonide, sildenafil, heparin, anctidetre
and required*2"to 3 admissions for albumaplacemenper year over the next several years. At age 18,
his symptems worsened significantly, with marked fluid overload and refractppalyuminemia
requiring ongoing outpatient albumin infusidh$o 4 times per week. Cardiac catheterization revealed a
mean Fontan pressure® mm Hg, pulmonary capillary wedge pressure of 7 mm Hgr@diac index of
3.2 L/min/m2 a systemic vascular resistance 0f@mHg/L/min, and a pulmonary vascular resistance of

1.8 Wood units x 1 His echocardiogram revealed normal right ventricular systolic function and mild
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tricuspid regurgitation Right ventricular systolic function was also normal as assessed by cardiac MR,
with an ejection fraction of 55%. Dopamine was initiated at 5 mcg/kg/min and contmaedutpatient
setting Heart rate did not change on dopamine, ranging between 70 and 110 bgopg@ndne and
between 60 and 100 bpm on dopamine. Within two months of dopamitingon, he hadorogressively
weaned toweekly albumin infusions. At the time of transplant, heveaded further and maintained a
serum albumin greater th&mb mg/dL for 9 days without supplementatfonthe first time inmore than

3 years

Patient:=3:was 15 yeald female with hypoplastic left heart syndrome status post lateral tunnel
fenestratd Fontan at 23 months of age. She was diagnosed with PLE at age 5 and initially responded to
diuretic therapy and later oral budesonide, but starting at age 12 she requiredniglyréasjuent
admissions for fluid overload and albumin supplementatiime persistently hagerumalbumin levels
between 2:5:mg/dLas well as chroniascitesand she was treated with albumin infusionktitnes per
month as symptoms dictated. Cardiac catheterization revealed a Fontan pressure BH1a night
ventricleenddiastolic pressure of 13 mmHg, a cardiac index of 2.9 L/min/M2, systemic vascular
resistance of8midg/L/min, and a pulmonary vascular resistance of 0.8 Wood unifs x m
Echocardiopgram demonstrated normal right ventricular systolic function adenoderate tricuspid
insufficiency. Depamine at 5mcg/kg/min was initiated at transplant listidg with the other patients,
there was"ne,significant change in heart rate, which ranged between 60 and 90 bpm beftee and af
dopamine.was started. Within 2 weeks, serum albumin levels increased and rer@airgdL>without
supplementation anukerascites resolved. After approximately 3 months, the patient and family elected
not to pursue heart transplantation, so dopamine was weaned off. Within 2 weekpioigstiopamine,
her serum albumin level fell to 2mg/dL wiimaccompanying 2 kg weight gain and return of significant

ascites.
Discussion

Insthissreport, we descriltareepatients with chronic, severe, and previously refractory PLE who
eachdemonstrated rapid improvement in PLE symptoms and serum albumin levels aftératien of
continuous*dopamine. In seeking to explain this response, the initial assumayidiethat dgpamine’s
inotropic_effects improved systemic ventricular syisthinction andherebyaugmented cardiac output.
Thoughthe pathephysiology of PLE remains unclear, theesbisdy of evidence suggesting that
interventionavhichimprove cardiac output can in some cases improve PLE symptofhe patients in
our series, however, had normal or only mildly depressed systemic ventricubdicdysictionas

assessed by echocardiogram. While echocardiogram is an imperfect tool to assess sysiotfidria

This article is protected by copyright. All rights reserved



systemic right ventricle, all patients had normal resting cardiac output meastineccath lab, and the
one patient for whom RI data was available had normal systolic function as asskgsbid modality as
well. The degree of improvemeimt PLE symptomsn the patients in this seriseems disproportionate to
a potential augmentation systolic function assessedrasmal or only mildly depressed by the

modalities available.

There are other potential effects @fpdimine in addition to improved contractile function
Dopamine falso*has chronotropic effects, trate is evidence that atrial pacing can improve PLE
sympoms invpatients with sinus node dysfunctioNone of the patients hainificant resting
chronotropic incampetence, however, andchanges in heart rate were documented after dopamine was
initiated. Another hypothesis is that dopamine increased mesenteric bloobyfldacreasing msenteric
vascular resistancel here isevidence that mesenteric vascular resistance is abnormally elevated in
Fontan patients:with PLE’, and decreased mesenteric perfusimyplay a role in PLE
pathophysiology:Dopamine, particularly at low dosees decrease mesenteric vascular resistate

an augmentation”of mesenteric blood flow may have contributed thdtapeutic response seen

Myocardial function and cardiac output of the patients in this series were only asseestd at
and it is well documented that Fontan patients have reduced exercise capacity and lilijtéol ab
augmenttheircardiac outpwith exertion'®** While much of this limitation is thought to be secondary
to an inability ©_effectively increase preload in the setting of increased metabolic demands, ribiganot
and chronotropicieffects of dopamine may have improved the ability of the patientbatebere to
increase their cardiac output with exercise, and this may also have contributed to smverimapt in
PLE symptoms:

One intriguingalternativehypothesis to explain the improvement seen in these pagahts
dopamine served to augment lymphatic circulatiBecent data suggestgslegulation of lymphatic
circulationcancontributeto the development of PLi& Fontan patientandmechanical blockage of
lymphatie-drainage can baentified in significant numbers @ontan patients witRLE 2. Surgical
decompression of the thoracic dbeis been shown toli®ve symptoms in two Fontan patients with
otherwise refractory PLE. Furtherevidencesupporting a link between disrupted lymph circulation and
PLE in Fontan patients is tlddservation that Foah patients with PLE display immune abnormalities
which are alsofeund in patients with PLE secondary to intestinal lymphangiectasiat bupatients

with PLE related to ulcerative colitis or celidisease”.

Normal lymphatic circulation relies on a series of lymph pumps and one way valvespmttan

lymph fluid from the periphery to the thoracic and lymphatic ducts and then into thal eentous
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system. This system is infe€t a parallel circulatory system, with the intrinsic lymph pumps functioning
asa cardiaequivalent, providing contractile force for forward lymph fl6w Like the cardiovascular

system, the lymphatic system is subject to complex neurohormonal regulation tretdafl both pump
contractility and lymph v&sel compliance. Interestingly, lymph vessels and lymph pumps display a
relationship to lymphatic pressure and vessel wall stretch that is analogous to Kastarhing

relationship between preload and contractility. Increased lymph pressure/steetete(oad) increases

lymph pump contractile strength up to a point, but beyond that point increased pressthafssults in
decreasedicontractile strendth The threshold at which this shift occurs varies depending on species and
physical tissueharacteristicsbut generally is low. One may speculate that the persistently elevated
systemic venous pressures of Fontan patients may push the “lymphatic Starlgig@ofarin some

patientsandrleadto decreased contractile strength of the intrinsic lymph pumps.

In anether analogy to the cardi®ealar system, the contractility of lymphatic vessels can be
augmented,by.inotropic agents, including doparfin® Dopamne has been shown to cause prenodal
lymphatic ¢onstriction in canine modeds) effect mediated by a-adrenergic receptors. While the effect
of dopamineron-human lymphatic contractility is not known, there is evidence that the tinamaic
duct has significant adrenergic innervatfinThoughthe potentialeffect of dopamine on the lymphatic
circulation of patients in this series remains speculgpressumedlysfunctional lymphatic circulation in
Fontanpatients with PLEnay serve as a target for pharmacologic intervention and deacpotential

avenues forresearch

In conclusion, chronic dopamine infusioray bean effective therapy for refractory PLE in some
patients. Thesmechanism by which dopamine mmrovePLE is uncleaandiurther study is needed to
confirm the‘potentiatherapeutic benefit alopamineas an additional treatement modafily PLE as
well asto clarify‘its mechanism of action in this setting.
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