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ACUTE INTERMITTENT PORPHYRIA (AIP) is a meta-
bolic disease caused by an inherited deficiency of porphobi-
linogen deaminase in the heme biosynthetic pathway. Loss
of this enzyme results in increased hepatic production of
porphyrin precursors and manifests as episodic attacks
of neurovisceral symptoms, including abdominal pain,
nausea, vomiting, constipation, sweating, urinary retention,
arrhythmias, peripheral neuropathy, and seizures. It is the most
common type of acute porphyria worldwide and is more
prevalent in women.1 Symptoms can be frequent in 5% to 10%
of patients. Recurrent attacks result in diminished quality of
life due to hospital admissions, multiple procedures and
subsequent complications, and chronic pain. Liver transplanta-
tion corrects the genetic defect in the liver by replacing the
missing enzyme, leading to normalization of porphobilinogen
levels and resolution of symptoms. The first orthotopic liver
transplant (OLT) for AIP was performed in 2004 on a 19-year-
old patient with severe neurovisceral manifestations and
complications related to therapy.2 She was cured of the
disease. Fourteen other cases of OLT for AIP with severe
manifestations have been reported in the literature, with
clinical and biochemical remission.3–6

Selection of appropriate AIP candidates for liver transplan-
tation and creating a perioperative plan requires multidisci-
plinary input, including that of an anesthesiologist. These

patients require careful preoperative assessment with special
focus on neurological and respiratory systems. Selection and
documentation of appropriate medications should be done in
advance to prevent any perioperative crises. Additionally,
adequate management of postoperative pain can be challen-
ging considering these patients’ chronic pain history and
opioid tolerance.
Here, the authors report their experience of managing a

30-year-old-female with AIP undergoing liver transplantation.
The patient signed a written authorization for disclosure form
for the authors’ institution prior to submission of the
manuscript.

Case Report

A 30-year-old female with a history of AIP had experienced
recurrent attacks, consisting of abdominal pain, nausea, head-
aches, fatigue, word-finding difficulty, confusion, extreme
weakness, and sensitivity to sounds, smell, and light, since
the age of 16 years. These attacks often were precipitated by
stress and typically lasted up to a week. They also could be
associated with her menstrual cycle. She had been hospitalized
for crises monthly and reported a history of 1 generalized
seizure at age 16 years prior to initiating AIP treatments. To
prevent symptom exacerbation, she received weekly hematin
infusions and bimonthly phlebotomy for ferritin control. Her
AIP symptoms, frequent hospitalizations, and the side effects
of the hematin infusions led to a poor quality of life, including
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lack of a regular income and development of suicidal idea-
tions. For control of her chronic abdominal pain, she required
hydromorphone, 2 mg, PO, 2 to 6 times daily, and prometha-
zine for treatment of nausea. During the port placements for
her infusions, she reported difficulty with intraoperative and
postoperative pain.
The patient was evaluated at the authors’ institution for liver

transplantation with a Model for End-stage Liver Disease
(MELD) score of 6. A MELD exemption application was
submitted, and she was listed with a MELD of 22, increasing
by 10% every 3 months. Once the patient was listed, a liver
transplant anesthesiologist and a transplant pharmacist devel-
oped a document of safe medications based on the authors’
institution’s transplant protocol, including anesthetic medica-
tions, immunosuppression, prophylactic agents, and anticoa-
gulants, for the patient during the perioperative period
(Table 1). Multiple sources were consulted, including safe
drug lists and drug databases from the American Porphyria
Foundation, British Porphyria Association, European
Porphyria Network, Norwegian Porphyria Centre, and pub-
lished articles.7–11 There were conflicting reports among the
various sources because most of the clinical data regarding
safety are anecdotal. In those circumstances, the references,
clinical reports, and rationale listed by the source’s evidence
were reviewed to determine a consensus recommendation. The
authors found that most drugs that could be used during the
anesthetic and critical care period were considered safe or
likely safe, except for etomidate, ketamine, hydralazine,
fluconazole, sulfamides, and ketorolac (Tables 1 and 2).
These medications have significant clinical reports of porphyr-
inogenicity in humans or animals. Safety data regarding
vasopressin, nitroglycerin, and milrinone were insufficient,
and conflicting safety data were found for clonidine and
nifedipine, so these drugs also were avoided (Table 2). The
list was circulated to all members of the transplant team so that
all parties responsible for the patient were aware. It was made
visible at the patient’s bedside from admission to 1 week after
transplant to ensure administration of only safe medications
and avoid any attacks in the postoperative period.
Transplantation was performed after 4 weeks of listing at

MELD 22 with a cadaveric split liver (right lobe). The
patient’s pretransplant laboratory results showed no evidence
of coagulopathy, thrombocytopenia, or intrinsic liver disease.
Intraoperatively, a rapid-sequence induction was performed
with fentanyl, propofol, and succinylcholine, and an 8.0 endo-
tracheal tube was placed. Propofol is the preferred agent for
induction in AIP patients due to the porphyrinogenicity of
ketamine and etomidate.12–14 A 20-gauge Teleflex Arrow
arterial line and an 8 French Teleflex Arrowgard Blue MAC
Two-Lumen Central Venous catheter were placed after induc-
tion. The patient was maintained with isoflurane, and vecur-
onium was titrated to maintain relaxation.
The transplant proceeded with the authors’ institution’s usual

surgical approach. The preanhepatic phase was unremarkable
with minimal blood loss. Classic caval clamping for en bloc
hepatectomy, with vascular clamps placed on the portal triad and
infrahepatic and suprahepatic inferior vena cava, required an

infusion of norepinephrine at 0.04 to 0.1 μg/kg/min to maintain
mean arterial pressure 465 mmHg. Total cross-clamp time was
53 minutes. Cold ischemia time was 491 minutes and warm
ischemia time was 43 minutes. The norepinephrine infusion was
titrated off within 7 minutes after reperfusion of the new liver,
and the patient remained hemodynamically stable. A post-
reperfusion rotational thromboelastometry revealed no abnorm-
alities. Overall, the patient received 1.25 L of albumin, 400 mL
of cell saver, and 1,000 mL of Plasmalyte crystalloid. No
allogeneic blood product transfusion was required. Due to the

Table 1
List of Safe Medications Based on Transplant Protocol

Category Subcategory Drug

Anesthesia/ICU/
Pain

Induction and maintenance Midazolam
Lidocaine
Propofol

Volatile agents Isoflurane
Sevoflurane

Opiates Fentanyl
Hydromorphone
Oxycodone

Muscle relaxants Vecuronium
Rocuronium
Cisatracurium
Succinylcholine

Reversal Neostigmine
Glycopyrrolate

Cardiovascular agents Epinephrine
Norepinephrine
Phenylephrine
Atropine
Beta-blockers
Amlodipine

Electrolytes, hyperkalemia,
and fluids

Sodium bicarbonate
Tromethamine
Calcium
Magnesium
Potassium
D50
Insulin
Albuterol
Furosemide
Plasmalyte
Albumin

Other Octreotide
Pantoprazole
Ondansetron
Tranexamic acid

Surgical Immunosuppression Tacrolimus
Mycophenolate
Methylprednisolone,
Prednisone

Anticoagulation Heparin
Enoxaparin
Aspirin

Prophylactic and antibiotic
agents

Spilt liver: Zosyn,
Micafungin

Whole liver: Cefazolin
Ganciclovir
Valganciclovir
Clotrimazole

Abbreviation: ICU, intensive care unit.
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lack of coagulopathy and transfusion, the short duration of the
case, and the hemodynamic stability of the patient, the patient
was a good candidate for extubation. Opioid use was evaluated,
considering the patient’s chronic pain history. Fentanyl 850 μg
was given during the 7-hour anesthetic. During the last hour of
the operation, 3 mg of hydromorphone was administered in
small aliquots. The patient was extubated and reported a pain
level of 8 out of 10. She was given 2 mg of hydromorphone
during transport to the surgical intensive care unit (SICU).
Upon arrival to the surgical intensive care unit, the patient

was somnolent and snoring (Richmond Agitation-Sedation
Scale, RASS-3). An arterial blood gas revealed a respiratory
acidosis (pH 7.18, PCO2 58). The patient was placed on
bilevel positive airway pressure (BiPAP) to assist with
respiratory drive but did not improve (pH 7.06, PCO2 79).
Multiple, small doses of naloxone were given, and an infusion
was started. When the patient awoke after 3 hours (RASS 0),
BiPAP was discontinued, and the patient was started on a
hydromorphone PCA for pain control (pH 7.22, PCO2 45).
Postoperatively, the patient reported significant incisional pain,
but she did not report debilitating abdominal pain or any other
symptoms similar to her acute attacks.
In the recovery period, the patient did experience prerenal

acute kidney injury, which resolved with fluid resuscitation,
and was anticoagulated to prevent hepatic artery thrombosis,
which occurs at a high rate in this patient population.6 She was
discharged on postoperative day 6 and was readmitted 3 days
later for a perihepatic fluid collection. Most of the patient’s
porphyria symptoms resolved immediately after the transplant.
The patient required several months to recover neurologically,
including thought processing and tremors, possibly due to
damage from porphyrins in neurologic tissue. However, at
15 months posttransplant, she had not experienced any acute
attacks and noted that her quality of life had improved in
multiple aspects.

Discussion

The frequent attacks of AIP, which can be precipitated by
drugs, alcohol, stress, fasting, or changes in sex hormone

balance, can affect patients’ quality of life significantly.1 Most
patients can be managed medically with high carbohydrate
intake, hydration, analgesia, and avoidance of precipitating
factors.2 However, in a small percentage of patients, severe
symptoms can result in chronic hypertension, chronic renal
failure, hepatocellular carcinoma, seizures, and motor neuro-
pathies leading to respiratory failure and death.1,15 This
subset’s crises can be controlled partly by hemin infusions or
suppression of ovulation, but life expectancy is reduced and
quality of life is poor as a result of multiple hospitalizations
and chronic pain. Candidates for a curative liver transplant
include patients with serious impairments to quality of life,
recurrent attacks unresponsive to therapy, or progressive
neurological disease.15 Transplantation should occur before
patients are severely disabled by their progressive neurological
complications.4

The authors’ patient was an excellent candidate for liver
transplantation. She had a known mutation and experienced
frequent attacks that were controlled partially with poorly
tolerated hemin infusions and iron chelation therapy. Her
productivity was affected by her dependence on infusions and
chronic pain medication. She had not yet experienced irrever-
sible neurologic injury and had no evidence of portal
hypertension, ascites, coagulopathy, or any manifestations of
end-stage liver disease. Prior to listing, she received multi-
disciplinary evaluation, including evaluations by a hematolo-
gist and a neurologist who determined her quality of life would
be improved on lifetime immunosuppression as compared with
her current health status.
It was recognized early that her anesthetic and postoperative

management could present some challenges. Although anes-
thetic-induced porphyria attacks are very rare events, pro-
longed and complex operations like liver transplants can
require administration of multiple drugs, often at short notice,
to treat hemodynamic instability and prevent unexpected
situations.3,7 All medications that could be given intraopera-
tively would need to be considered safe for AIP. Additionally,
there was concern that an attack could occur while the patient
was in the intensive care unit. Theoretically, a liver transplant
should cure AIP by correcting the metabolic defect and

Table 2
Drugs in Transplant Protocol to Avoid

Category Drug Reason

Unsafe or porphyrinogenic Ketamine Hepatic enzyme inducer, porphyrinogenic in humans and animals8,10

Hydralazine Hepatic enzyme inducer, porphyrinogenic in humans8,10

Fluconazole Hepatic enzyme inhibitor, porphyrinogenic in humans8,10

Sulfamides Hepatic enzyme inducer, porphyrinogenic in humans8,10

Etomidate Porphyrinogenic in animals, unsafe use in humans8,11

Ketorolac Gastrointestinal side effects mimic AIP attacks or prevent sufficient
carbohydrate intake that can lead to an attack10

Insufficient data Vasopressin No safety data listed on any source
Nitroglycerin No safety data listed on any source
Milrinone No animal or human case reports

Conflicting data Clonidine Conflicting evidence in cell culture and animal studies8,10

Nifedipine Conflicting in vitro and human data8,10

Abbreviation: AIP, acute intermittent porphyria.
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therefore prevent any further progression of symptoms or
dysfunction. However, previous AIP liver transplants have
demonstrated that it can take up to 1 week for plasma
porphyrins to normalize.2,4 Additionally, dysfunction of heme
biosynthesis may exist outside of the liver, in neuronal tissue.
Therefore, exposure to a precipitating agent in the first week
posttransplant could trigger a crisis, potentially resulting in
neurologic deficits without typical symptoms of an acute
attack.3,4 As a precaution, it was determined that only “safe”
medications would be used during the first week posttransplant
(Table 1).
The anesthetic preoperative assessment for AIP liver trans-

plant patients is critical and should include full evaluation,
with concentration on neurologic and respiratory functions.
Fortunately, this patient did not have any neurologic deficits.
However, existing cranial nerve dysfunction in AIP patients
can increase risk of aspiration. Respiratory function also can
be affected by neurologic function. Documentation of neuro-
pathy, both peripheral and autonomic, is necessary to demon-
strate the patient’s baseline. If neurologic symptoms are
evident in the postoperative period, this is helpful in determin-
ing if it is a result of porphyric crisis, positioning injury, or
another mechanism. The degree of neuropathy present also
may affect intraoperative neuromuscular blockade. Addition-
ally, knowing the patient’s triggering events is essential.
Prolonged fasting, which can occur while waiting for the
availability of an organ, often is a trigger for porphyric crisis,
so dextrose should be administered during the NPO period.
The authors’ patient started her menstrual cycle, a known
precipitating factor, on the day of transplant, so careful
assessment in the postoperative period was important for
ruling out a possible crisis.
The largest challenge in this patient’s care was postoperative

pain management, which started at the time of extubation.
Compared with patients without liver disease undergoing other
major abdominal surgery, typical OLT patients have decreased
perioperative analgesic requirements. This may be a result of
physiologic changes associated with liver disease, surgical
denervation, immunosuppression, or the process of transplan-
tation altering the effects of analgesics.16,17 The patient’s
chronic pain history, chronic narcotic use, and lack of intrinsic
liver disease caused the authors to anticipate that the patient
would require higher-than-normal doses of pain medication for
an OLT recipient.18 The authors expected that their titration of
3 mg hydromorphone during the last hour of the case would be
sufficient for pain control after extubation. Unfortunately,
when the patient awoke, she reported high pain levels.
Treatment with additional hydromorphone resulted in respira-
tory depression requiring naloxone and BiPAP. When review-
ing the literature for postoperative pain management in AIP
patients, the authors were unable to find any case reports or
articles for future guidance. Because AIP transplant recipients
typically do not have intrinsic liver disease or impaired
preoperative coagulopathy,3 thoracic epidural analgesia should
be considered and has been shown to be successful in similar
liver transplant populations.17,19 However, thoracic epidural
analgesia placement for OLT is uncommon due to the

impaired synthesis of clotting factors, thrombocytopenia, and
platelet dysfunction of end-stage liver disease, as well as the
changes in perioperative coagulation profile with a liver graft.
Other regional anesthetic techniques, including continuous
paravertebral blockade, continuous abdominal wall catheters,
and quadratus lumborum blockade also could be used. Both
bupivacaine and ropivacaine have been used safely in AIP
because they do not induce hepatic enzymes that could lead to
high production of porphyrin precursors.10 Any temporary
postoperative weakness with a regional or neuraxial technique
could be confused with development of a neuropathy in the
postoperative period and should be carefully evaluated.3

Non-narcotic analgesic adjuncts also should be considered
in AIP OLT pain management. Acetaminophen, pregabalin,
and gapapentin are all considered safe non-narcotic analgesics
for AIP and have been used safely in liver transplant
recipients.8–11 The use of NSAIDs is not recommended after
OLT because of their potential to cause liver and renal injury,
as well as their antiplatelet activity.17 As mentioned pre-
viously, ketamine is a hepatic enzyme inducer and has been
observed to be porphyrinogenic, so it is contraindicated in AIP
patients.10 Lidocaine has been shown to be potentially
porphyrinogenic in animal models.7 However, it is not an
inhibitor or inducer of the CYP mechanism and its widespread
safe use has been documented. The pharmacokinetics of
repeated high dosing or long-term treatment is unknown, so
it should be used with caution in a continuous infusion since it
can accumulate. Therefore, it may be beneficial to administer
in a glucose solution because of the antiporphyrinogenic effect
of glucose.10

AIP patients with severe and progressive disease may
benefit from liver transplantation, which can provide cure of
the disease. Evaluation of these candidates prior to listing
requires a multidisciplinary approach to determine if the
benefits outweigh the risk. Anesthetic management of these
patients has not been previously reported. Careful preoperative
assessment and selection of drugs can help to prevent any
perioperative crises. Postoperative pain management of these
patients can be extremely challenging, due to their chronic
pain and opioid tolerance. Although this subset of patients is
small, as the outcomes for liver transplant patients continue to
improve, we may see more of these patients in the future.
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