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Abstract. Data on kidney failure in patients with congenital adrenal hyperplasia are 
rare. To the best of our knowledge, there is no data on how to manage patients with 
congenital adrenal hyperplasia during hemodialysis sessions. We report a case of a 
fifteen-year-old boy with a known case of congenital adrenal hyperplasia since 8 months 
of age who presented with advanced uremia and severe hyperkalemia for which he 
was initially started on hemodialysis without pre-HD hydrocortisone, during which he 
developed recurrent intradialytic hypotension. Subsequently, when intradialytic serum 
cortisol levels were monitored with different hydrocortisone regimens, a serum cortisol 
level greater than 25 mcg/dl during HD was not associated with significant intradialytic 
complications. The target was 28 mg of injected hydrocortisone followed by a maintenance 
dose of 6 mg/hr starting at the end of the first hour of dialysis. He developed intradialytic 
hypertriglyceridemia-associated priapism, which improved after the correction of the 
iron deficiency. Intradialytic hypertriglyceridemia was of higher magnitude during 
heparin-free HD than during HD with heparin. In conclusion, a target serum cortisol 
concentration > 25 mcg/dl during HD helps reduce intradialytic complications in 
patients with congenital adrenal hyperplasia and renal failure. Exogenous glucocorticoid 
administration can be associated with intradialytic hypertriglyceridemia-associated 
priapism in iron-deficient patients.
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Introduction. The prevalence of congenital adre-
nal hyperplasia (CAH) is 1 case per 16,000 people [1]. 
Kidney failure in patients with CAH is rare (1). To the 
best of our knowledge, no data have mentioned how 
to manage adrenal insufficiency during hemodialysis 
sessions in CAH patients. A study by Alhabari et al. 
showed that predialysis hydrocortisone administration 
reduces the risk of intradialytic hypotension, and the 
same protocol was initially attempted in our patient 
[2]. We report a case of CAH with end-stage kidney 
disease on maintenance hemodialysis. In this study, we 
also mentioned how we managed adrenal insufficiency 
without adverse effects in the patient and mentioned 
one episode of dialysis-related hypertriglyceridemia-
associated priapism. To the best of our knowledge, 
there is no data on glucocorticoid-associated hemodi-
alysis-related hypertriglyceridemia causing priapism.

Case presentation. A fifteen-year-old boy with 
a known case of congenital adrenal hyperplasia since 
the age of eight months presented with nausea and 

vomiting with a serum creatinine of 14.0 mg/dl, blood 
urea 300 mg/dl, serum sodium 137 mmol/l and se-
rum potassium of 7 mmol/l. He was started on hemo-
dialysis via a temporary hemodialysis catheter while 
continuing his usual daily hydrocortisone dosing. Al-
though his ultrafiltration volume in the HD session 
was nil, he developed recurrent intradialytic hypoten-
sion, and the hemodialysis session was stopped after 
1.5 hrs. Ultrasound of the abdomen revealed bilateral 
shrunken kidneys. He was diagnosed with congenital 
adrenal insufficiency due to 21 hydroxylase deficiency 
at the age of eight months based on elevated 17-OH 
progesterone levels and very low early morning serum 
cortisol.

Subsequent 2-3 hemodialysis sessions were per-
formed with an injection of 100 mg of hydrocortisone 
1 hr before starting the hemodialysis session (the pro-
tocol used by Alhawari et al.), with a UF goal of 1-1.5 l 
depending on interdialytic weight gain. Although there 
were no episodes of intradialytic hypotension, he devel-
oped severe intradialytic hypertension (SBP increased 
from 140 mmHg to more than 200 mmHg), which was 
followed by a pulmonary enema. The subsequent two 
HD sessions were performed while keeping DNa 2 
mmol/l less than SNa, but he developed severe intra-
dialytic hypertension with pulmonary edema.

The subsequent three sessions were performed 
with the same dialysate prescription with a similar ul-
trafiltration goal but with a reduction in pre-HD hy-
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Інтрадіалізна гіпертригліцеридемія може бути асоційована з пріапізмом: 
клінічний випадок вродженої гіперплазії надниркових залоз з нирковою 
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Резюме. Дані щодо ниркової недостатності у пацієнтів з вродженою гіперплазією надниркових залоз є 
рідкісними. Наскільки нам відомо, немає даних щодо ведення пацієнтів з вродженою гіперплазією надниркових 
залоз на гемодіалізі. У цій статті ми повідомляємо про клінічний випадок вродженої гіперплазії надниркових 
залоз у п’ятнадцятирічного хлопчика, діагностовану у віці 8 місяців. Через уремічні симптоми та гіперкаліє-
мію, пацієнту розпочали лікування методом гемодіалізу без додаткового введення гідрокортизону, під час якого 
розвинулась рецидивна інтрадіалізна гіпотензія. Згодом, коли інтрадіалізні рівні кортизолу сироватки почали 
контролювати за допомогою різних режимів гідрокортизону. Концнтрація кортизолу в сироватці крові вище 25 
мкг/дл під час гмодіалізу не була асоційована із значними інтрадіалізними ускладненнями. З цією метою вводили 
28 мг гідрокортизону з наступною підтримуючою дозою 6 мг/год, починаючи з кінця першої години діалізу. На 
цьому фоні у пацієнта розвинувся пріапізм, асоційований з інтрадіалізною гіпертригліцеридемією, який покра-
щився після корекції дефіциту заліза. Інтрадіалізна гіпертригліцеридемія була вищою під час ГД без гепарину, 
ніж за гепаринізації. Підсумовуючи, цільова концентрація кортизолу в сироватці > 25 мкг/дл під час ГД допо-
магає зменшити інтрадіалізні ускладнення у пацієнтів з вродженою гіперплазією надниркових залоз і нирковою 
недостатністю. Введення екзогенних глюкокортикоїдів може бути пов’язане з пріапізмом, асоційованим з ін-
традіалізною гіпертригліцеридемією, у зворих з дефіцитом заліза.

Ключові слова: надниркова недостатність, вроджена надниркова недостатність, гемодіаліз, гіпертри-
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drocortisone from 100 mg to 50 mg, following which 
an intradialytic hypertension episode did not occur. 
He developed tiredness and intradialytic hypoten-
sion in the last 2 hrs of dialysis and 4th hour of HD, 

respectively, in all three sessions. During the evalua-
tion, the serum cortisol levels were 15.8 mcg/dl and 
seven mcg/dl at the end of the 3rd and 4th hours of 
hemodialysis, respectively (Fig. 1).

Serum cor�sol trends with different hydrocor�sone
protocol during HD
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Fig. 1. During hemodialysis sessions, serum cortisol(microgram/dl) hourly trends with three intravenous  
hydrocortisone regimens.

By measuring the serum cortisol concentration 
every 30 minutes during HD, we found that the serum 
cortisol concentration decreased to 50% within ap-
proximately 1 hour. Based on a study by Charmandari 
et al., the serum cortisol concentration was checked at 
10 min post i.v. administration of 50 mg of hydrocor
tisone to obtain a peak concentration of 120 mcg/dl,  
resulting in a volume distribution of approximately 
40 L. The cortisol concentration reached approximately  
60 mcg/dl and 30 mcg at the end of the 1st and 2nd hr, 
respectively. Based on a study by Letizia et al., we kept 
the target serum cortisol concentration above 35 mcg/
dl throughout the HD session. We targeted a peak 
double the planned target concentration, 70 mcg/dl, 
to address the possibility of uremia-associated gluco-
corticoid resistance. To achieve the same results, a 28 
mg loading dose was given with a probable Vd of 40 
to obtain a peak of 70 mcg/dl, and at the end of the 
first hour, the dose reached 35 mcg. To maintain the 
level above 35 mcg, 7 mg/hr was added as a continu-
ous infusion to add 17.5 mcg/l/hr at a probable Vd of 
40 liters and prevent a decrease in the hydrocortisone 
level below the target serum cortisol value. The above 
regimen reduced intradialytic hypotension episodes 
with occasional intradialytic hypertension episodes. 

Later, whenever he was tired or hypotensive, his serum 
cortisol concentration was less than 25 mcg/dl. The 
target serum cortisol concentration was maintained 
above 25 mcg/dl, for which the regimen consisted of 
a 28 mg bolus f/b 6 mg/hr (starting at the end of the 
1st hr). The last hydrocortisone protocol was not asso-
ciated with intradialytic hypertension or intradialytic 
hypotension. We followed the same hydrocortisone 
prescription during the next three years during hemo-
dialysis sessions without any intradialytic complica-
tions (see Fig. 1).

Two years later, he developed post-hemodialysis 
prolonged penile erection, which lasted for 24 hours 
and gradually resolved but recurred again after the sub-
sequent 2 HD sessions, and it lasted for one day both 
times. During the biochemical evaluation, he was found 
to have milky plasma due to hypertriglyceridaemia  
(serum triglyceride > 1000 mg/dl), but his fasting se-
rum triglyceride level was 124 mg/dl the next day in the 
early morning. The subsequent hemodialysis was hep-
arin-free, given the possible need for need for surgical 
intervention, and hourly serum triglyceride levels were 
checked during HD, which showed increasing serum 
triglyceride levels (Fig. 2). 
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Serum triglyceride levels during hemodialysis 
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Fig. 2. Serum triglyceride levels before dialysis and during hemodialysis: hemodialysis without heparin, hemodialysis with 
heparin, and hemodialysis after iron deficiency is corrected. 

During subsequent hemodialysis with heparin, 
there was also an increasing trend in the serum triglyc-
eride level, but to a lesser degree (see Fig. 2). On evalu-
ation, Doppler did not show any evidence of reduced 
flow in a penile vessel or any collection abutting the pe-
nile vessel Hence managed conservatively. His Hb was 
6.0 gm/dl, and his serum ferritin level reached 45 ng/
ml; hence, he received parental iron supplementation. 
In subsequent hemodialysis sessions, the hourly serum 
cortisol values did not indicate intradialytic hypertri-
glyceridemia (see Fig. 2). He did not develop any such 
events in the future.

Discussion. In the general population, early morn-
ing fasting cortisol levels less than five mcg/dl suggest 
adrenal insufficiency, which is confirmed by an ACTH 
stimulation test, in which serum cortisol levels less than 
18 mcg/dl indicate adrenal insufficiency [3]. Whether 
these cut-off values apply to end-stage kidney disease 
patients is unclear. An early morning serum cortisol con-
centration less than 8.45  mcg/dl has the highest sensi-
tivity and specificity for detecting adrenal insufficiency 
in hemodialysis patients [4, 5]. A higher early morning 
cortisol level for the diagnosis of adrenal insufficiency in 
hemodialysis patients could be due to end-organ gluco-
corticoid resistance in kidney failure patients [6]. 

In our case, the cortisol cut-off during hemodialysis 
was initially more than 35 mcg/dl based on a study by 
Letizia et al., in which the mean (+ standard deviation) 
serum cortisol post-HD was 34.56 ±14.3 mcg/dl [7]. 
However, later, whenever his serum cortisol concentra-
tion was less than 25 mcg/dl, he developed intradialytic 
hypotension and tiredness despite a minimal ultrafiltra-
tion target. Hence, we later changed the target to more 
than 25 mcg/dl, after which no additional intradialytic 

complications were observed. Considering the above ob-
servation, we kept serum cortisol above 25 mcg/dl due 
to the dialysis session, which is higher than the cutoff for 
the definition of adrenal insufficiency post-ACTH stim-
ulation test. Similarly, higher baseline and post-ACTH 
stimulation serum cortisol cut-offs are observed in se-
vere sepsis patients for the diagnosis of adrenal insuffi-
ciency, which could be due to end-organ glucocorticoid 
resistance, as observed in kidney failure patients [8, 9]. 
To ascertain the serum cortisol level cut-off to prevent 
adrenal crisis, we relied on symptoms such as intradia-
lytic hypotension and intradialytic tiredness rather than 
serum 17OHP, as there is a lag period of 60-90 min be-
tween the change in the serum cortisol level and 17OHP, 
which makes it a poor marker [10].

Details of loading dose calculation and mainte-
nance dose calculation were done with the help of pre-
vious studies, as mentioned below.

As shown in previous studies, the loading dose was 
calculated by estimating the volume of distribution af-
ter measuring peak serum cortisol levels after 10 min of 
intravenous 50 mg of hydrocortisone [11].

Volume of distribution = (Total drug amount)    
(Peak drug concentration) [12].

Vd=50 mg/120 mcg/dl
=41.6 liter
Initially, the dosage was calculated to maintain a 

serum cortisol concentration greater than 35 mcg/dl 
during HD

Loading dose=Desired concentration × Volume of 
distribution(Vd)

(to make calculation easy, Vd was kept  40 l, which 
is close to the calculated value)

= 70 mcg/dl × 40 litres=28 mg
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The target concentration of cortisol at the onset of 
HD was kept twice as high as that during the rest of the 
HD duration due to the possibility of maximum glu-
cocorticoid resistance at the onset of HD compared to 
that during the HD session due to the higher concentra-
tion of uremic toxins. Studies have shown reduced glu-
cocorticoid receptor affinity in chronic kidney failure 
patients, but to the best of our knowledge, there is no 
data on the effect of dialysis therapy on glucocorticoid 
resistance [13].

The subsequent concentration was > 35 mcg/dl, 
for which maintenance dosing was started after the 
completion of the 1st hr of HD, as the concentration 
was expected to reach > 35 mcg/dl by that time. At the 
end of the 2nd hour without any hydrocortisone sup-
plementation, the serum cortisol concentration was re-
duced to 17.5 mcg/dl; to prevent further decreases in 
the serum cortisol concentration after the 1st hour of 
HD, we calculated the maintenance dose:

Miantainance dose=Clearance × Target concentra-
tion [12].

(half-life-1 hr; Vd 40 l hence clearance-20 l/h) 
      =20 l/h × 35 mcg/l
       =7 mg/hr
Later, we reduced the maintenance dose to 6 mg/

hr to maintain the target between 25 and 30 mcg/dl.

Two years after the initiation of HD, he devel-
oped recurrent episodes of priapism lasting for more 
than 24 hrs, starting on the day of HD, and was ob-
served to be associated with intradialytic hypertriglyc-
eridemia. Studies have shown an association between 
hypertriglyceridemia and priapism due to increased 
viscosity, distortion of erythrocyte morphology, in-
creased erythrocyte aggregation and adhesiveness, and 
decreased capillary flow [14]. One possible reason for 
intradialytic hypertriglyceridemia could be acute ex-
posure to high-dose glucocorticoids, although there is 
little literature supporting this possibility [15]. Glu-
cocorticoid exposure has been shown to be associated 
with increased lipolysis and to potentiate lipogenesis 
via insulin [16].

The intradialytic hypertriglyceridemia did not re-
cur after he received parental iron therapy for iron de-
ficiency. Experimental data have shown the role of iron 
deficiency in reducing the beta-oxidation of fatty acids 
and promoting hepatic lipogenesis. In the iron deficien-
cy state, the hepatic carnitine required by long-chain 

fatty acid transporters is reduced, as iron is a cofactor 
of the enzyme synthesizing it [17]. The severity of in-
tradialytic hypertriglyceridemia was greater in patients 
with heparin-free HD than in those with heparin HD, 
possibly due to the role of heparin in increasing lipopro-
tein lipase activity [18].

From the findings of our study, we can suggest the 
following recommendations. Firstly, the Intraadialytic 
serum cortisol target must be kept higher than the gen-
eral population’s post-ACTH stimulation cutoff of se-
rum cortisol.

Secondly, Intradialytic hypertriglyceridemia could 
be a possible cause of priapism in hemodialysis patients 
who are receiving hydrocortisone during hemodialysis 
sessions.

Thirdly, an Iron deficient state could be a cause of 
steroid-associated acute hypertriglyceridemia. Hence, 
in patients with steroid-associated acute hypertriglyc-
eridemia, iron status should be evaluated.

To confirm all the above observations, a study with 
a larger sample size is required.

Conclusion: To the best of our knowledge, this is 
the first study to discuss the management of adrenal 
insufficiency in end-stage kidney disease patients. A 
target serum cortisol concentration > 25 mcg/dl during 
HD helps reduce intradialytic complications in patients 
with congenital adrenal hyperplasia and renal failure. 
This is also the first study to state that exogenous glu-
cocorticoid administration can be associated with in-
tradialytic hypertriglyceridemia-associated priapism in 
iron-deficient patients.
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