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ABSTRACT: Hyperammonemia is the pathological accumulation of ammonia in the blood, which can occur in many different clinical settings.
Most commonly in adults, hyperammonemia occurs secondary to hepatic dysfunction; however, it is also known to be associated with other
pathologies, surgeries, and medications. Although less common, hyperammonemia has been described as a rare, but consistent complica-
tion of solid organ transplantation. Lung transplantation is increasingly recognized as a unique risk factor for the development of this condition,
which can pose grave health risks—including long-term neurological sequelae and even death. Recent clinical findings have suggested that
patients receiving lung transplantations may experience postoperative hyperammonemia at rates as high as 4.1%. A wide array of etiologies
has been attributed to this condition. A growing number of case studies and investigations suggest disseminated opportunistic infection with
Ureaplasma or Mycoplasma species may drive this metabolic disturbance in lung transplant recipients. Regardless of the etiology, hyperam-
monemia presents a severe clinical problem with reported mortality rates as high as 75%. Typical treatment regimens are multimodal and focus
on 3 main avenues of management: (1) the reduction of impact on the brain through the use of neuroprotective medications and decreasing
cerebral edema, (2) augmentation of mechanisms for the elimination of ammonia from the blood via hemodialysis, and (3) the diminishment of
processes producing predominantly using antibiotics. The aim of this review is to detail the pathophysiology of hyperammonemia in the setting

of orthotopic lung transplantation and discuss methods of identifying and managing patients with this condition.
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Introduction

Ammonia (NH;) is an ordinary metabolite in the human
body, however, supraphysiologic levels in the systemic circula-
tion can result in profound neurological damage and even
death. This hyperammonemic state has been observed in
response to a variety of clinical conditions, including post
lung transplantation. Though rare, hyperammonemia can be a
grave condition in these patients, with estimates of its all-
cause mortality being 50% to 75%.> Surviving patients are
often burdened with significant long-term neurological
sequelae, such as cognitive impairment.® The most common
cause of the disorder in adults is hepatic dysfunction—par-
ticularly cirrhosis.” In children, it is classically associated
with inborn-errors-of-metabolism concerning urea cycle
enzymes and transporters,b1011 collectively called urea cycle
disorders (UCDs). More recently, however, hyperammonemia
has been increasingly linked to organ transplantation—par-
ticularly in lung transplant recipients.

In the United States, 36 528 solid organ transplants were
performed in 2018—more than 2500 of which were lung
transplants—the sixth consecutive year in which a new record
high of organ transplantation was reached.> Data show the
median survival after lung transplant between 2009 and 2016
is 6.5years, up from 6.1years between 1999 and 2008 and
4.3 years between 1990 and 1998.13 Survival curves show mor-
tality is highest within the first few months post-transplant
and the slope declines in subsequent years.'* The leading causes

of death post lung transplantation continue to be infection and
graft failure within the first year.!* Still, other early causes of
morbidity and mortality remain a serious concern, including
hyperammonemia.

Current estimates report the incidence of hyperammonemia
subsequent to lung transplantation as 1% to 4.1%,%>1>-17 and
this condition carries a 67% 30-day mortality. In contrast, lung
transplant patients with physiologic NH; levels have a 17%
post-transplant mortality rate for the same time period.!%1?
Onset of symptoms following lung transplant is typically
observed within 2weeks of surgery.!” Unfortunately, the early
identification of hyperammonemia in the postoperative period,
while the patient is often still in the intensive care unit, can be
confounded by other factors. For example, the altered mental
state associated with high ammonia levels could be attributed
to postoperative delirium, sedation due to analgesia, or immune
suppression.® Delayed diagnosis in the recovery period likely
contributes to the overall poor outcomes. This review will focus
on the pathophysiology, clinical presentation, diagnosis, and
treatment of hyperammonemia with regards to orthotopic lung
transplantation patients.

Pathophysiology

The pathophysiology of hyperammonemia is multifactorial.
The production of NH; in the human body—as shown in
Figure 1—occurs primarily within the gut via the breakdown
of proteins and through the natural metabolic processes of the
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Figure 1. The urea cycle. The figure depicts the key organs responsible
for producing, metabolizing, and eliminating ammonia. (a) NH; can
accumulate in the liver either when the production in the body exceeds
its ability to metabolize it or when the liver's metabolic functions are
deranged such as in the case of cirrhosis. (b) Skeletal muscle functions
to both produce and eliminate ammonia, it can contribute to
hyperammonemia when there is severe sarcopenia such as in the
setting of calcineurin inhibitors and corticosteroids. (c) The
gastrointestinal system is the primary producer of ammonia under
physiologic conditions. Its rate of consumption can be elevated in the
setting of high dietary protein. (d) Urease positive bacteria are only
responsible for ammonia production in pathological states and play no
role in the normal urea cycle. (e) The kidneys are able to produce and
eliminate NH; in the form of urea, they can shift their production to
elimination ratio in times of excess.

gut microbiome.?7%20-2 NHj is then transported through the
portal circulation to hepatocytes where 90% is converted to
urea through the urea cycle (UC) and the remainder is con-
verted to glutamine (Gln) via glutamine synthetase
(GS).17:9:10162021,23-25 This enzyme serves an identical function
in non-hepatic tissues such as the brain and skeletal
muscle.?”22 Gln can then be used for energy production in
the gut or be excreted in the urine.?* Secondarily, NH; is pro-
duced by deamination in skeletal muscle?’%2? and the
kidneys.>7-92226 The kidneys are able to regulate NHj levels by
shifting their production to excretion ratio to favor excretion in
times of elevated NH;.”® A myriad of different pathological
derangements in these pathways can lead to hyperammonemic
states in conditions such as cirrhosis, UCD’s, chronic kidney
disease, hemorrhagic shock, and others—all of which are
largely well understood and reported in the literature. The eti-
ology of the hyperammonemia syndrome in a lung transplant
recipient, however, is somewhat less well known.

Due to the rarity of the condition, there is a paucity of
research dedicated to hyperammonemia following lung trans-
plantation. It is well documented, however, that compared to
other solid organ transplants, excluding the liver, idiopathic
hyperammonemia most commonly affects lung transplant
recipients.?” One of the more classical hypotheses suggests that
physiological stress from orthotopic lung transplantation
induces catabolism great enough to uncover an occult deficit in
GS and the UC enzymes.” Case studies of patients having
other procedures have been published where the stress of sur-
gery has been shown to uncover an enzyme deficiency and ulti-
mately result in hyperammonemia.?® In support of this
hypothesis, Tuchman et al reported a markedly reduced level of
hepatic GS in 2 patients who developed hyperammonemia
secondary to lung transplantation.?” More recent studies have
shown similar findings of hepatic GS deficiencies in some, but
not all, hyperammonemic patients observed post-orthotopic
lung transplantation.!® An additional hypothesis that has been
presented implicates calcineurin inhibitors and corticosteroids,
due to their potential for inducing sarcopenia and limiting the
ability of skeletal muscle to contribute toward fixing NH; into
glutamine.®® These putative mechanisms are consistent with
findings that hyperammonemia following lung transplant is
independent from liver disease.!?

More recent investigations have focused on an extrahepatic
cause for elevated NH; in lung transplant recipients. Mycoplasma
and Ureaplasma are organisms that fall under the class of
Mollicutes and have been associated with cases of hyperam-
monemia. These species are difficult to isolate with standard
hospital laboratory conditions and equipment,3! because they
lack a cell wall for staining.

In 2015, Bharat et al identified systemic infections with
either Ureaplasma parvum or Ureaplasma urealyticum in all 6 of
their transplant patients who developed hyperammonemia and
in none of their 20 control subjects.!® It has been hypothesized
that these urease-producing bacteria that commonly inhabit
the genitourinary tract may disseminate in immunosuppressed
individuals and be responsible for development of hyperam-
monemia in lung transplant recipients.”® By converting urea
into NH; and CO, these organisms are able to produce energy
as well as generate a substrate for further ureagenesis by the
host organism.>> This creates a dangerous cycle, where
Ureaplasma are able to proliferate while progressively produc-
ing greater and greater amounts of NH;. Additional investiga-
tions have confirmed the presence of Ureaplasma in
hyperammonemic lung recipients.33334 Ureaplasma has also
been detected in patients with hyperammonemia and other
immunocompromising conditions. The first case of Ureaplasma-
induced hyperammonemia in an immunosuppressed pediatric
patient with acute myelogenous leukemia was recently pub-
lished.?> Subsequent case reports have evinced further inci-
dences of hyperammonemia secondary to disseminated
Ureaplasma in other children with hematologic malignancies
and impaired immunologic function,’ which notably resolved
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with antibiotic treatment of the infection. Systemic Ureaplasma
infections have similarly been observed in patients experienc-
ing hyperammonemia following hematopoietic cell transplan-
tation’” and undergoing immunosuppression for cancer
treatment.!®  Furthermore,
described in a case report of a lung transplant recipient whose

donor lung tested positive for Ureaplasma parvum on bron-

hyperammonemia has been

chioalveolar lavage prior to surgery.33 A murine model for these
transplant patients has shown a causal relationship between
systemic infection with Ureaplasma and hyperammonemia in
immunosuppressed mice.”-38

Identifying this bacterial etiology of hyperammonemia is
complicated by the difficulty of pre-transplant screening for
Ureaplasma, as it does not culture on standard media or
stain.’>33 Accordingly, prescreening for Ureaplasma is not per-
formed and the true prevalence of Ureaplasma-derived hyper-
ammonemia is difficult to quantify.

One similar etiology that has been recently described,
although with some controversy, is systemic infection by
Mycoplasma hominis. An organism more known for its abil-
ity to cause opportunistic infection in the renal transplant
population, disseminated M. hominis infection has been iso-
lated in patients presenting with hyperammonemia.'® Much
like the Ureaplasma species, M. hominis is difficult to culture
or stain, and therefore limits timely identification and diag-
nosis. 343940 M. hominis, however, raises NHj levels through
an alternative mechanism than Ureaplasma species. This
organism depletes arginine, a necessary component of the
UC,#0 resulting in a pathological inability to clear NH; from
the circulation. M. hominis has recently been cited as a dis-
seminated organism in patients who developed hyperam-
monemia following autologous skin transplant,*! as well as a
lung transplant recipient.’® However, multiple case reports
of confirmed M. hominis infection had retrospective PCR
confirmed co-infection with Ureaplasma species, which may
indicate that M. hominis may not be a lone cause of hyper-
ammonemia.?’ Future case studies of PCR confirmed infec-
tion are needed to further support or reject the hypothesis
that M. hominis plays a causal role in the development of
hyperammonemia in immunocompromised patients.

In all cases of hyperammonemia—regardless of the etiology
—the mechanism of ammonia’s effect on the central nervous
system is the same. Once in the systemic circulation, NHj is
able to cross the blood brain barrier through multiple mecha-
nisms including gaseous diffusion, passive diffusion in its solu-
ble form through membrane channels, and competitively
through potassium channels.® In the brain, NHj is taken up by
astrocytes and converted to glutamine through the action of
GS.721 This results in a series of adverse events. The markedly
elevated Gln increases the osmotic pressure, causing a disrup-
tion of aquaporins, ultimately leading to the cerebral edema
and hypertension characteristic of hyperammonemia.’?!
Concomitantly, astrocytes release various pro-inflammatory
cytokines, such as tissue necrosis factor alpha (TNF-a),

Table 1. Acute signs and symptoms of hyperammonemia.

Altered consciousness
Seizures

Changes in mood
Changes in personality
Nausea and vomiting
Ataxia

Lethargy

Poor feeding?

aThis item is for consideration in pediatric patients.

interleukin-1 (IL-1), interleukin-6 (IL-6), and interferon
(IFN).7# Astrocyte impairment and subsequent downregula-
tion of their glutamate receptors can trigger excessive gluta-
matergic activity in adjacent synapses, leading to excitotoxicity
that results in the encephalopathy and seizures commonly seen
in hyperammonemia.?? Similar physiologic changes of
increased GABAergic tone occur in the Purkinje cells of the
cerebellum, which is likely responsible for the ataxia and myo-
clonus also seen with this metabolic disturbance.*? Delay in
recognition and proper management can lead to significant
long-term morbidity, including refractory status epilepticus,
motor and cognitive impairment, cerebral palsy, and death.?*

Clinical Presentation

The usual clinical course of hyperammonemia if left untreated
has several defining signs and symptoms which can vary
depending on the severity of the patient’s condition and with
the patient’s age. In adults, the condition is typified by several
classic symptoms, shown in Table 1, such as altered mental
state, lethargy, disturbances in mood and personality, ataxia,
vomiting, seizures, unconsciousness, and potentially death.26811
In a recent study of adults in the intensive care unit (ICU) with
elevated NH; in the absence of acute or chronic liver disease,
the most common symptom of hyperammonemia was enceph-
alopathy with a prevalence of 71%.4 When NH; accumulates
chronically—such as in cirrhosis—the severity of the symp-
toms is attenuated somewhat by the compensatory mecha-
nisms of the muscle and liver to clear NH; from the blood.” In
the acute form, this protective mechanism has not had a chance
to take effect.

In acute hyperammonemia—which occurs in patients
receiving organ transplantations—the lack of compensation
can lead to potentially catastrophic complications not seen in
the chronic form. Acute plasma concentrations of
NH; =200 uM have been associated with cerebral edema and
cerebral herniation.2711 This is in addition to the other hall-
mark signs of altered mentation, ataxia, vomiting, and sei-
zures.26811 Survival in these acute cases has been linked to
early treatment of cerebral hypertension and measures that
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slow down metabolism.? Initial symptoms of hyperammone-
mia in lung recipients may be masked by concurrent adminis-
tration of sedatives, calcineurin-inhibitors, and/or narcotic
analgesia® in the immediate postoperative period.

Diagnostics

Given that early signs and symptoms of hyperammonemia post
lung transplant are easily attributed to more common causes
such postoperative delirium and sedation due to analgesia,
more aggressive laboratory monitoring is likely appropriate. In
a 2018 study by Larangeira et al, the authors suggest using a
NH; cut-off of 92 umol/L as the value to begin treatment of
intracranial hypertension.** Use of this laboratory value may
possess increased significance since radiographic findings asso-
ciated with acute hyperammonemia are not well recognized in
the adult literature.® With the recent identification of a possi-
ble association between disseminated infection and hyperam-
monemia in lung transplant recipients, screening of the donor
lung prior to or post-transplant for the culprit organisms might
be of value. However, as previously mentioned, both Mycoplasma
and Ureaplasma species are difficult to isolate with standard
hospital laboratory conditions and equipment.3! While culture
is the gold standard of detection, these species require special-
ized media and conditions, and up to 5 days of growth to iden-
tify.31 PCR assays have been developed and used to identify
infection in some patients. A rapid real-time PCR assay
described by Cunningham et al for detection of these Mollicutes
lowers detection time to 3 hours with high sensitivity and spec-
ificity, but its use was limited to isolates originating solely from
urogenital infections.3! PCR was also successfully used to iden-
tify Ureaplasma parvum by Smith et al in a pediatric, hyperam-
monemic patient, whose infection had become disseminated.3¢
Somerville et al similarly implemented a real-time PCR
screening program to test fluid from bronchioalveolar lavage of
recently transplanted lungs. Their results support the associa-
tion between Mollicute infection and hyperammonemia syn-
drome. These authors recommend early surveillance of donors
and/or recipients with PCR testing as a method to prevent the
rare but fatal consequence of hyperammonemia.*

Treatment

The majority of prior investigations on the management of
hyperammonemia have focused predominantly on cases sec-
ondary to liver failure or UCD’s. As such, many of the treat-
ment modalities discussed here rely on data from investigations
of those populations, with specific research into treatment of
hyperammonemia post lung transplant lacking in the scien-
tific literature. As these interventions are frequently used in
case studies of transplant recipients and primarily utilize ways
to reduce NH; and provide neuroprotection, they have been
included in this review along with recommendations targeted
more directly at microbial causes. Traditionally because of the
condition’s complexity, an approach that includes neuropro-
tective and anti-inflammatory medications, directly removing

NH; from the blood, and decreasing NH; production from its
source should be considered in any hyperammonemic
patient.*® Neuroprotective and anti-inflammatory medica-
tions such as N-acetylcysteine, indomethacin, propofol,
minocycline, and mannitol are used to reduce cerebral edema
and blood flow.>” The use of indomethacin has proven con-
troversial, due to its potential for causing renal failure.”
Induced hypothermia has also been indicated as a potential
therapy for reducing the inflammation and cerebral edema
that occurs during hyperammonemia.”#’

Hemofiltration and dialysis have been successfully employed
to directly reduce NH; levels in patients’blood.?*” While many
reviewers recommend aggressive early implementation of
dialysis,”$102148 the specific method of dialysis that is most
beneficial is dependent on the individual patient, available
equipment, and dialysis expertise.*’ Although case reports have
demonstrated successful lowering of blood NHj levels with
peritoneal dialysis,* popular opinion is that this method is
ineffective and not recommended.* Multiple case reports
demonstrate the effectiveness of continuous renal replacement
therapy (CRRT) at lowering toxic ammonia levels in patients
with severe hyperammonemia (>1000mg/dL),’® including
cases where NHj levels were refractory to a trial of peritoneal
dialysis.’ A recent retrospective study of critically ill children
with metabolic diseases has demonstrated the efficacy of
CRRT at quickly reducing NH; levels. Case reports have also
shown a benefit to early initiation of high dose intermittent
hemodialysis (IHD) in adult lung transplant recipients.*’
Studies comparing these methods have shown mixed results
for treating acute hyperammonemia. CRRT prevents contin-
ued build-up of NHj levels that may occur between dialysis ses-
sions in the intermittent form,>*” but some clinicians argue for the
efficacy of aggressive intermittent hemodialysis with flow titration
to the climbing NHj; levels between sessions.*” A 2017 retrospec-
tive institutional and systematic review of hyperammonemic lung
transplant recipients found mortality of 40% with intermittent
hemodialysis, 75% with continuous veno-venous hemodialysis,
and 100% in patients that did not receive renal replacement ther-
apy to remove NH;,>? making it clear just how crucial a role dialy-
sis plays for these patients. As the literature continues to grow,
further studies are needed to determine the best method to reduce
mortality in individual patient populations.

There are also many treatment options for hyperammone-
mia that target upregulating the elimination of NH; or down-
regulating its production. These interventions—shown in
Table 2—have a number of different modes of action and have
an established benefit in the treatment of chronic hyperam-
monemia. Lactulose administration, currently considered the
foundation of therapeutics in general cases of hyperammone-
mia,> has the ability to limit NH; absorption from the gut. By
acidification of the colon, lactulose indirectly ionizes NHj into
non-absorbable and excretable ammonium (NH,").821 A
meta-analysis published in 2016 comparing non-absorbable
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Table 2. Pharmacologic interventions.

INTERVENTION PURPOSE

N-acetylcysteine, indomethacin, propofol, and mannitol
Lactulose

Sodium benzoate

Sodium phenylacetate, sodium phenylbutyrate, glycerol phenylbutyrate, branched chain

amino acids
L-arginine/L-citrulline, carglumic acid, L-ornithine/L-aspartate

Antibiotics

Table 3. Non-pharmacologic interventions.

To reduce cerebral edema
To acidify the colon to decrease NH; absorption
To decrease glycine metabolism

To decrease glutamine metabolism

To promote urea production

To eliminate NH; producing microbes

INTERVENTION PURPOSE

Intermittent hemodialysis

Continuous renal replacement therapy
Peritoneal dialysis

Restriction/elimination of total parenteral nutrition
Dietary protein restriction

Hypothermia

To directly dialyze NH; from the blood

To dialyze NH; and perhaps prevent toxic build-up between dialysis sessions
To directly remove NHg3?

To reduce substrates for aminogenesis

To reduce substrates for aminogenesis in the chronic setting

To reduce inflammation

aThe effectiveness of peritoneal dialysis is contested. Although case studies have shown it being used successfully, choosing peritoneal dialysis would not be

recommended in the setting of available alternatives.

disaccharides to placebo showed lactulose has both a therapeu-
tic and preventative effect on patients with hepatic encepha-
lopathy.>* While a mainstay in the treatment for chronic
hyperammonemia, lactulose is not effective in the treatment of
acute hyperammonemia such as that seen in lung transplant
patients, having been shown to have no effect on improving
patient mortality.>” This would likely be especially true in cases
of hyperammonemia secondary to systemic Ureaplasma intec-
tion, where the source of excessive NH; production is not
located in the gut.

Other treatments aim to increase the body’s natural path-
ways to eliminate NH; and to reduce its production. Agents
including L-arginine,?>” L-citrulline, L-ornithine, L-aspartate,
and carglumic acid, all of which promote the UC and thus the
fixation of NH; from the blood, are recognized interventions in
hyperammonemic patients.® Patients with hepatitis C at the
pre-cirrhotic stage were shown to have significantly decreased
blood concentrations of NH,* and improvement in psycho-
metric testing after a trial of L-ornithine-L-aspartate
(LOLA).>> Additionally, LOLA has been shown to restore
muscle protein synthesis in sarcopenic patients, thus enhancing
skeletal muscle’s natural ability to metabolize NH; from the
blood.”® Conversely, reducing the production of NH;by pre-
venting the degradation of Gln and glycine—2 amino acids
responsible for much of its physiologic production—has been
suggested. Sodium benzoate,>”8 sodium phenylacetate,?”8

sodium phenylbuterate,®4® glycerol phenylbuterate,® and
branch chain amino acids (BCAAs)*8 have all been used for
this purpose. Additionally, the institution of set protocols for
treating these patients may prove beneficial, as one study inves-
tigating a protocol for determining when to administer com-
bined intravenous sodium benzoate and sodium phenylacetate
was shown to significantly reduce the length of time to admin-
istration of these scavengers.’” Unfortunately, this study did
not show a benefit to patient morbidity and mortality.””

Non-pharmacological recommendations—detailed in Table 3
—in addition to hemodialysis, include adjustments to diet.
Decreasing meat protein from the diet, whether by restriction
of protein or replacement with dairy-based or vegetable pro-
tein, has been suggested as a method to limit substrates for
ammoniagenesis.’>*’ Although the high dietary protein
requirements of patients with cirrhosis has made this challeng-
ing in traditional hyperammonemic patients, this poses less of
an obstacle in the setting of lung transplantation. Restriction or
modification of total parenteral nutrition in the ICU setting
may additionally be advisable, as this mode of feeding has been
independently associated with hyperammonemia.>

Although antibiotic administration is a mainstay of treat-
ment for hyperammonemic patients, it is usually targeted at
reducing the gut microbiome’s NH; production via agents such
as rifaximin.?! In the case of disseminated Ureaplasma and
Mycoplasma species, this is unlikely to be effective as the source
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Table 4. General mollicute antibiotic information.

UREAPLASMA SPECIES MYCOPLASMA SPECIES

Specific susceptibilities
azithromycin (71%)

General resistances

Doxycycline (91%), josamycin (86%), ofloxacin (77%),

B-lactams, sulfonamides, trimethoprim, and rifampicin,
macrolides, quinolones, lincosamides, tetracycline

Doxycycline (100%), josamycin (100%),
ofloxacin (100%)

B-lactams, sulfonamides, trimethoprim, and
rifampicin, macrolides (100%)

Information provided in parentheses indicates the percent of isolates in which the organisms were susceptible or resistant to the specific antibiotic.

of NH; is elsewhere. The effective selection of antibiotics for
patients with disseminated Ureaplasma or Mycoplasma infec-
tions requires special consideration. These Mollicutes, like all
Mycoplasmas, display innate resistance to B-lactams, sulfona-
mides, trimethoprim, and rifampicin.>%% M. hominis is uni-
formly resistant to macrolides,'® resistance to macrolides,
quinolones, lincosamides, and tetracycline have also been
observed in Ureaplasma.®® Dhawan et al has, however, shown
that Ureaplasma isolates were susceptible specifically to doxy-
cycline in 91% of cases, josamycin in 86%, ofloxacin in 77%, and
azithromycin in 71%, whereas isolates of M. hominis were uni-
formly susceptible to doxycycline, josamycin, and ofloxacin.®!
These data are summarized in Table 4. In a case study of a
patient who developed hyperammonemia resulting from U.
parvum infection transmitted by a donor lung, Fernandez et al
demonstrated that targeted antibiotic therapy with azithromy-
cin and doxycycline resolved the hyperammonemia.3? Further
studies continue to support Mycoplasma and Ureaplasma’s over-
whelming susceptibility to doxycycline.?

Due to the difficulty in identifying these Mollicutes with
standard laboratory practices, empiric antibiotics for suspected
disseminated urease-producing infections should be considered
in any acutely hyperammonemic immunocompromised patient,
as early treatment could be life-saving.3* Case reports of suc-
cessful treatment of hyperammonemia syndrome in immuno-
compromised individuals often involve multimodal approaches
to treatment, combining antimicrobial agents with ammonia-
lowering medications and CRRT, as well as airway protection
via mechanical ventilation.>?”374:47 Unfortunately, despite
advances in earlier identification of the potential causes of
hyperammonemia and treatment modalities, mortality from
hyperammonemia following orthotopic lung transplantation
remains high.

Hyperammonemia secondary to organ transplantation
remains an understudied medical condition, with most of
the extant literature being limited to case studies. Further
investigations into this postoperative complication are
required to establish a best treatment plan for caring for
these critically ill patients.

Conclusion

Hyperammonemia is a rare but potentially catastrophic com-
plication of organ transplantation. The etiology of this meta-
bolic disturbance is likely rooted in opportunistic bacterial
infections by Ureaplasma and Mycoplasma species. However,
the extent to which catabolic stress and otherwise occult

deficits within the patients’ metabolic pathways may contribute
to the incidence of this disease is still unknown. In any patient
with new onset altered mental status—especially in the lung
transplant recipients in the critical care setting and in the initial
30-day post-operative period—checking an ammonia level
even when the cause seems clear could help steer management.
Early initiation of treatment is crucial for improving survival
and outcomes. Currently, targeted therapies against systemic
bacterial infections appear to be one of the best methods of
treatment for these postoperative transplant recipients. Despite
not addressing the cause of the toxicity, early and aggressive
hemodialysis has been shown to be an effective method at low-
ering blood ammonia levels in patients with severe acute
hyperammonemia. While no universal standardized treatment
plan has been established, a case-dependent multimodal
approach appears to be key to improving mortality. In cases
with high suspicion for hyperammonemia early hemodialysis,
antibiotics that cover U. parvum and M. hominis, and imple-
mentation of neuroprotective measures are likely to best address
and treat this metabolic derangement. Antibiotic prophylaxis
in donors may also merit consideration. Further research into
the treatment of hyperammonemia and in determining which
patients are at greatest risk is desperately needed to remedy the
unacceptably high morbidity and mortality that is threatening
the lives of some of the most vulnerable patients.
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