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The porphyrias are a group of disorders related to deficient heme biosynthesis, caused by malfunction of certain enzymes in the synthesis pathway. Erythropoietic porphyrias present with cutaneous symptoms and do not affect the nervous system. Hepatic porphyrias develop acute attacks with mild to severe neurovisceral symptoms, dramatic course, and rare, but possibly lethal outcomes. Anesthetic management of patients suffering from hepatic porphyria is challenging regarding the possibility of triggering or worsening the acute attack with medications that induce or maintain anesthesia. The medications are labeled as safe or unsafe according to laboratory experiments, clinical studies, case reports and experience. In this paper, we discuss underlying pathophysiology, presentation, therapy recommendations and anesthetic implications related to porphyrias.
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1. Introduction

The porphyrias are a group of disorders related to a deficient heme biosynthesis, caused by malfunction of certain enzymes in the eight-step synthesis pathway. They can be inherited as autosome-dominant, autosome-recessive, or X-linked mutations hitting a specific enzyme [1]. All porphyrias can be classified according to the localization of the greatest enzymatic dysfunction, the deficient enzyme, and whether they develop acute attacks or not [2]. Considering localization, porphyrias can be erythropoietic and hepatic. Erythropoietic porphyrias present with cutaneous symptoms and do not affect the nervous system. Usually, they appear as photosensitivity and various chronic skin changes ranging from itching and erythema to bullae [3]. These are Porphyria Cutanea Tarda, Hepatoerythropoietic Porphyria, Congenital Erythropoietic Porphyria, Erythropoietic Protoporphyria, and X-linked Protoporphyria. The hepatic porphyrias can develop acute attacks that present with severe, sometimes life-threatening, neurovisceral symptoms, which are followed by asymptomatic periods [4]. According to the deficient enzyme, hepatic porphyrias are classified into Acute Intermittent Porphyria (AIP), Hereditary Coproporphyria (HCP), Variegate Porphyria (VP), and δ-Aminolevulinic Acid Dehydratase (ALAD) Porphyria (ADP). According to American Porphyria Organization, ~1–100 people per 50,000 are affected [5].

Anesthetic management of patients suffering from hepatic porphyria is challenging regarding the possibility of triggering or worsening the acute attack with medications that induce or maintain anesthesia [6]. A special concern is undiagnosed patients who develop their first attack while undergoing anesthesia. Affiliated factors in those patients are stress, hormone disturbances, hunger, and dehydration, all common in urgent surgical patients or patients preparing for an elective procedure. Nevertheless, the attack may trail in the presence of the triggering drug [7], which implies a complex background beyond porphyrias. All the patients suspected to develop porphyria crisis have to be carefully examined and well-prepared before entering the operating room.



2. Pathophysiology

The heme is metalloporphyrin made from a pyrrole ring and iron ion. It has several roles in the body: it is an oxygen and carbon dioxide transporter, it is a part of the electron transport chain, and it is a cofactor of several enzymes, including some in the microsomal hepatic system. The heme synthesis pathway takes place in mitochondria and cytosol. It begins with the binding of succinyl coenzyme A and glycine, the reaction catalyzed by aminolevulinic acid (ALA) synthetase. Intermediary products are called porphyrinogens and each step is catalyzed by a specific enzyme [8]. The whole process is shown in Figure 1.
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FIGURE 1
 Heme biosynthesis.


In porphyria, the mutation can affect any enzyme in the pathway, resulting in a decreased, never completely absent activity, since the absence of heme is incompatible with life [9]. This leads to the deficient synthesis of the final product, heme, and cumulation of precursors above the impaired enzyme. The rate-limiting enzyme in the chain of hem biosynthesis is ALA synthetase. In physiological conditions, heme has a negative feedback loop effect on ALA synthetase activity, limiting the formation of porphyrinogens [10]. Consequently, the suppression is lacking in porphyrias, resulting in enhanced enzyme activity.

The neurotoxic effect of ALA synthetase has been confirmed earlier [11]. The autonomic ganglia, anterior horns of the spine, peripheral neurons, nuclei of the medulla oblongata, and axons in the brain are directly affected, while demyelination develops as a secondary effect. This results in neuropathy and autonomic decompensation. Also, low intracellular heme concentration has a cytotoxic effect itself. The third contributing pathophysiological factor is accumulated porphyrinogens which spontaneously turn into potent oxidative molecules, porphyrins [12, 13].

Often, the genetic mutation is not sufficient to induce the porphyria's onset, since the enzymatic activity is limited by some level, resulting in compromised, yet adequate biosynthesis. Symptoms appear only in presence of provoking factors and conditions causing rapid heme consumption, like infections, hormone fluctuations (puberty, pregnancy), starvation, dehydration, alcohol, and certain drug administration [6, 14, 15].



3. Clinical presentation

The erythropoietic porphyrias manifest with mild skin symptoms due to porphyrin accumulation in the skin. They never affect the nervous system and are not life-threating [16]. So far, no drugs were shown to trigger this type of porphyrias.

On the other hand, hepatic porphyrias develop acute attacks which present with mild to severe neurovisceral symptoms, dramatic course, and rare, but possibly lethal outcomes [17]. Usually, the attack starts as a non-specific abdominal pain coupled with sickness, vomiting, and constipation. Then, peripheral weakness and pain appear due to peripheral neuropathy and involvement of the spinal cord. The irritation of the autonomic ganglia leads to hypertension, palpitations, and arrhythmia. Severe attacks cause CNS symptoms, likewise confusion, hallucinations, and convulsions. Smooth muscle paralysis often leads to urine retention. Diarrhea and vomiting can cause dehydration and electrolyte disbalance, which lead to further neurological deterioration. The most severe manifestation is bulbar muscle paralysis, leading to acute respiratory arrest [4].

AIP presents with the most severe symptomatology and the highest mortality rate among porphyries [18]. It is a result of porphobilinogen deaminase (PBGD) deficiency. Although it is transmitted in an autosomal dominant manner, women develop symptoms more often than men. There is a wide range of triggers, including barbiturates, diazepam, oral contraceptives, steroid hormones, and some antibiotics. Acute seizures in pregnancy reach up to 42% mortality rate [19], therefore the recommendation is to wait at least 1 year after the last crisis before the pregnancy.

Hereditary coproporphyria is caused by coproporphyrinogen-III oxidase. Apart from neurovisceral symptoms, skin photosensitivity can also be seen in approximately one-fifth of the patients. Usually, it is asymptomatic and the onset is related to concomitant hepatic disease [20].

VP results from protoporphyrinogen oxidase deficiency. It manifests with acute neurovisceral symptoms and chronic skin alterations, like vesicles, bullae, erosions, hypertrichosis, and hyperpigmentation. It is more common in women, provoked by hormone fluctuation during the menstrual cycle [21].

ADP is extremely rare, since it is transmitted as autosomal recessive mutation in the δ-aminolevulinic acid dehydratase gene.



4. Therapeutical approach

Porphyria management should always start with the elimination of provoking factors, then continue with initial supportive care and specific therapy aiming to increase heme concentration and decrease ALA synthetase activity.

Symptomatic therapy depends on the current symptoms which vary in each attack. Paracetamol and opioid analgesics are safe options for pain relief [22, 23]. The cardiovascular symptoms are successfully treated with beta-blockers. Even more, propranolol showed an inhibitory effect on ALA synthetase [24]. Diazepam can induce the crisis and it is contraindicated in patients suffering from porphyria, however, it can be administrated in case of convulsions. Also, clonazepam and magnesium-sulfate are allowed but are less potent. Nausea is well-treated with prochlorperazine, ondansetron, promazine, and cyclizine, while metoclopramide should be avoided [25, 26]. Monitoring and correction of metabolic status are of great importance, including hydration, electrolytes, and caloric intake [27]. Oral intake is always preferable or per nasogastric tube. Parenteral nutritive solutions are a good alternative when gastrointestinal symptoms disable enteral nutrition.

The only indication for hem supplementation is neuropathy. Intravenous hem solutions are available in two forms, hematin and hemin (hem arginate), which is taking the lead lately because it was shown to cause fewer side effects [28]. It should be administrated in a dose of 3 mg/kg, dissolved in 100 ml 0.9% NaCl, for 4 days consequently. The solution is given as a slow, intravenous infusion, preferably through the central vein to avoid common peripheral thrombophlebitis. Since carbohydrates decrease ALA synthetase activity, the 5% or 10% Glucose solution is recommended, but concomitant administration with hem solution is not necessary according to new guidelines. Repeated heme infusions can lead to chronic hepatic inflammation due to iron accumulation. For those patients, the final option is liver transplantation [29]. FDA has recently approved Givosiran, a siRNA antagonist of ALA synthetase, which is expected to prolong asymptomatic periods and delay acute crises of the disease [30–32].

Porphyria is a rear disease with unspecific symptoms, therefore diagnosis can be difficult, especially in patients with negative family anamnesis. Laboratory testing of blood, urine, and stool is required since the diagnosis is confirmed with elevated ALA and porphyrinogens in the samples during an acute attack. Another diagnostic method is the measurement of certain enzyme activity in erythrocytes and hepatocytes, but this is not always a precise method. Genetic assays are the most certain diagnostic procedures, and they are recommended in families with positive anamnesis [30]. Note that the mutation is not equal to the disease, since 2/3 of mutation carriers do not develop symptoms in a lifetime.



5. Anesthetic management

The anesthetic approach is different during a remission period and an acute attack, regarding concomitant symptoms and metabolic disorders. A patent in remission can safely undergo any type of anesthesia. In the acute attack, however, it is preferable to choose general over regional anesthesia, since the regional approach has a greater risk of peripheral neuropathy.

Medications are labeled as safe or unsafe mainly according to the experience in the clinical practice and case reports. There are plenty of cell culture and animal studies, but the experience showed that the results obtained in laboratories often do not match outcomes in patients. Theoretically, if the mechanism of action includes increased engagement of the hepatic microsomal system and cytochrome synthesis, the drug is expected to cause a deterioration of the disease.

Preoperative management has an important role, especially during the acute attack. A special note should be on hydration, appropriate calorie intake, and electrolyte status [33]. Also, the autonomic nervous system should be examined, together with the cardiorespiratory function. The precise estimation of the patient is necessary in order to prevent undesirable outcomes. Premedication tends to achieve good anxiolysis and pain relief. Benzodiazepines showed mixed results in patients with acute porphyria. Midazolam and lorazepam are well tolerated [34, 35], while diazepam can provoke an acute attack and should be avoided. The only indication for diazepam in AIP is life-threatening convulsions in severe attacks [36]. Analgesia in acute porphyria crisis is safely achieved with morphine, fentanyl, alfentanil, and sufentanil. Among non-opioid drugs, aspirin, paracetamol, indomethacin, and naproxen are considered safe [37]. Although data about pentazocine are controversial, Rudowski and colleagues achieved rapid and safe analgesia in five patients suffering from abdominal pain in the acute porphyria crisis [38].

If general anesthesia is indicated, the drug of choice for induction is propofol. In the animal model for AIP, propofol did not increase ALA synthetase activity [39]. Also, urine ALA levels remained in the referent range after propofol administration in people suffering from AIP, even with repeated administration [40–42]. There was a debate earlier since a case report by Weir and Hodkinson showed increased porphyrins in the urine of a patient suffering from VP [43], but he did not develop the acute attack following propofol administration. An acute attack of HCP is described by Kasraie and Cousins [44] after induction and maintenance with propofol, but the patient has also received several medications which later were labeled as porphyrinogenic. Therefore, propofol is considered safe in patients with porphyrias, during the asymptomatic and symptomatic periods. Etomidate and ketamine showed certain impact on porphyria crisis onset in animal models, however, in clinical practice, they are considered safe in therapeutic doses [45–47]. Still, one should be careful with repeated etomidate usage, since Harrison at al. demonstrated the dose-dependent toxic effect in animal model [48]. Barbiturates are confirmed precipitating drugs in hepatic porphyria, therefore their administration is contraindicated. The pathophysiology mechanism includes enhanced synthesis of cytochrome P450 in the liver, resulting in increased hem consumption and decompensation of the condition. Although a retrospective study by Mustajoki et Heinonen [49] showed low risk in asymptomatic patients, the usage of barbiturates is limited regarding the availability of drugs with confirmed safety.

General anesthesia is maintained with volatile anesthetics. Halothane, nitrous-oxide, and isoflurane did not cause any adverse effects in porphyria patients [35, 50]. Enflurane showed porphyrinogenc action as reported by Buzaleh et al. [51], and should be avoided. Sevoflurane and desflurane are short-acting drugs, both safe even in prolongated and repeated administration [52, 53].

Myorelaxants and their antagonist are well tolerated and successfully applied during general anesthesia [54]. The safety of succinylcholine has been proven in laboratory conditions and clinical practice [55, 56]. Atracurium has been safely administrated during mitral valve replacement in a patent diagnosed with AIP, as Stevens and Kneeshaw reported [57]. Also, Hiseih at al. reported safe use of rocuronium in an AIP patient [58]. A general opinion is that muscle relaxants are safe for short-time usage, while the safety of administration during prolonged ventilation in ICU should be further examined [6].



6. Conclusion

The porphyrias are a special concern in anesthesiology regarding non-specific symptoms triggered by drugs that are being used to induce and maintain anesthesia. A great effort has been made so far to examine the safety of drugs and classify them as safe or unsafe. However, the practice has shown that under different circumstances, the same drug may give different outcomes. This is why some authors suggest creating a unique model for diagnosed and suspected porphyria patients, instead of further drug safety examination. The screening and diagnosis of asymptomatic mutation carriers are of great importance, in order to prevent crises and avoid complications. Further, preanesthetic stabilization focusing on the adequate assessment and optimization of metabolic status is crucial. Finally, the administration of well-known, safe drugs will prevent the onset and deterioration of the crisis.
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