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ABSTRACT:

Introduction: Adrenal gland injury is a rare traumatic condition. Adrenal in-
sufficiency following adrenal gland injury is even more uncommon and often
overlooked, particularly in the presence of hemorrhagic shock, which is the
most frequent cause of shock in trauma patients. This misdiagnosis can lead to
excessive fluid resuscitation and subsequent complications.

Case presentation: A 36-year-old male sustained blunt thoracoabdominal
trauma following a motor vehicle accident. Abdominal computed tomogra-
phy revealed a grade Il pancreatic injury, a grade Il splenic injury, a grade IV
kidney injury, and a left adrenal gland hematoma. During admission, the pa-
tient presented with abdominal pain and generalized guarding. An explorato-
ry laparotomy with splenic vein repair was performed. The patient developed
hypotension, and fluid resuscitation was initiated along with the administra-
tion of noradrenaline. A cortisol level was measured at 7.86 pg/dL. Therefore,
hydrocortisone was infused, resulting in a gradual reduction of vasopressor
support and stabilization of the patient’s hemodynamic status.

Conclusions: Severe trauma can result in combined shock. In cases of unilateral
adrenal gland injury leading to low cortisol levels, prompt administration of
hydrocortisone assists in improving the patient’s condition, as demonstrated
in this case.
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INTRODUCTION

Adrenal gland injury following trauma is rare, occurring in approximately 0.03%
to 4.95% of trauma cases[1-5]. It is typically caused by blunt trauma resulting
from high-impact forces such as motor vehicle collisions and pedestrian acci-
dents[3,6,7]. While adrenal insufficiency can occasionally result from such inju-
ries, it remains extremely rare and is generally life-threatening(5,8].

Most available data come from case reports. For instance, Naomi Szwarcbard
et al.[9] reported three cases of bilateral adrenal gland hemorrhage following
motor vehicle accidents, all of which resulted in fatal adrenal insufficiency. Other
reports by N. Jimidar et al.[10] and Kahdi E Udobi et al.[11] describe patients
who developed bilateral adrenal hemorrhage after high-velocity motorcycle ac-
cidents, leading to adrenal insufficiency. All of these patients were successfully
treated with cortisol replacement. Some case reports have described unilateral
adrenal gland injury in patients without subsequent adrenal insufficiency.
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Adrenal trauma is often accompanied by other organ
injuries, including rib fractures, pneumothorax, kidney
injury, splenic injury, and liver lacerations[1,4,12]. Some
reports also describe concomitant head, chest, and pel-
vic injuries[6,13]. The mortality associated with adrenal
gland injury remains unclear, with some studies indicat-
ing an increased rate[3,5,9], while others do not[2,12,13].

To date, there have been no reports of adrenal insuffi-
ciency following unilateral adrenal injury, which makes
our patient's case particularly unique and of significant
interest.

Patient consent was obtained, and the study was ap-
proved by the human research ethics committee of Tham-
masat University (medicine), project number MTU-EC-
SU-0-269/67, prior to commencement.

CASE PRESENTATION

A 36-year-old male was brought to the emergency depart-
ment following blunt thoracoabdominal injuries sustained
in a motor vehicle collision with a truck approximately 70
minutes prior.

Upon initial assessment, the patient’s vital signs were as
follows: blood pressure 76/54 mmHg, heart rate 143 beats
per minute, and respiratory rate 18 breaths per minute.
The patient denied any significant medical history, current
medications, or allergies.

Physical examination revealed blood and secretions in
the patient's oral cavity. After suctioning the secretions, it
became apparent that the airway was not patent. As a re-
sult, endotracheal intubation was performed. Examination
of the trachea confirmed it was in a midline position; how-
ever, decreased breath sounds were noted bilaterally with
subcutaneous emphysema on the right chest wall. Bilateral
intercostal chest drains were inserted, and air was evacuat-
ed from both hemithoraces.

Massive transfusion protocol was activated, and the pa-
tient was provided with blood products, while investiga-
tions for the source of bleeding were initiated. No active ex-
ternal bleeding was seen. An extended focused assessment
with sonography in trauma (eFAST) was done and revealed
no evidence of intra-abdominal or intrapericardial hemor-
rhage; however, a loss of lung sliding sign was observed,
suggestive of a bilateral pneumothorax.

After receiving 6 units of packed red blood cells and 4
units of fresh frozen plasma, the patient's vital signs im-
proved, with blood pressure stabilizing at 111/68 mmHg
and heart rate at 140 beats per minute. The patient was then
sent for a comprehensive pan-computed tomography (CT)
scan and was admitted to the intensive care unit (ICU).

CT imaging revealed no intracranial hemorrhage but
showed multiple fractures, including skull and facial frac-
tures, bilateral pulmonary contusions, pulmonary lacer-
ations, bilateral pneumothorax, and fractures of the right
Ist rib, right 7th rib, and left 6th-10th ribs. Additionally,
the scan revealed a moderate amount of hemoperitoneum,
retroperitoneal hemorrhage, mild diffuse jejunal bowel
wall thickening, pancreatic injury (grade 2), splenic injury
(grade 2), left kidney injury (grade 4), and diftfuse enlarge-
ment and increased attenuation of the left adrenal gland,
consistent with a left adrenal hematoma as shown in Fig 1.

KEY MESSAGES:

+ In abdominal trauma, when hemorrhage
alone does not fully explain the shock, consider
the possibility of combined shock.

- This case underscores the importance of
considering adrenal insufficiency in trauma pa-
tients, especially in the context of adrenal gland
injury and shock.

« An administration of hydrocortisone led
to hemodynamic stabilization and improved
clinical outcomes in a patient with adrenal in-
sufficiency.

The initial laboratory results demonstrated the follow-
ing findings: hemoglobin (Hb) was 15.5 g/dL, hematocrit
(Hct) 48.7%, and white blood cell (WBC) count 28,540/uL,
with a differential showing 78% neutrophils, 17% lympho-
cytes, and 1% eosinophils. Renal function tests revealed
a blood urea nitrogen (BUN) of 11 mg/dL and serum cre-
atinine of 1.38 mg/dL. Electrolyte values were as follows:
sodium 140 mmol/L, potassium 3.8 mmol/L, chloride 106
mmol/L, and bicarbonate 15 mmol/L. Calcium was mea-
sured at 8.9 mg/dL. Lactate levels were elevated at 12.7
mmol/L. The Dextrostix measured 32 mg% so a 50%
glucose solution (50 mL) was administered as a bolus.
Following the administration, the Dextrostix level was
rechecked after 15 minutes, and it increased to 116 mg%.

During clinical observation, the patient developed ab-
dominal pain and generalized guarding, so an explorato-
ry laparotomy was performed. Approximately 300 mL of
hemoperitoneum was noted, together with active oozing
from the splenic vein and spleen parenchyma. No other
active bleeding sources were identified. The splenic vein
defect was repaired using a figure-of-eight suturing tech-
nique, and bleeding from the spleen was controlled with
electrocautery and absorbable hemostatic agents. The es-
timated blood loss was 800 mL, and a total of 3,300 mL
of isotonic fluids were administered intraoperatively. The
patient developed hypotension, and fluid resuscitation was
initiated. Noradrenaline was administered concurrently,
with a maximum dose of 0.095 mcg/kg/min.

Due to concerns about adrenal insufficiency in the con-
text of shock with adrenal gland injury, the patient's corti-
sol level was measured and found to be 7.86 pug/dL. A bolus
of 100 mg hydrocortisone was administered intravenously,
followed by a continuous infusion of 200 mg over the next
24 hours. This treatment led to a gradual reduction in the
required noradrenaline dose, stabilization of the patient’s
hemodynamics, good urine output, and normalization of
lactate levels. Hydrocortisone therapy was discontinued
on day 6 of hospitalization. No further hemodynamic in-
stability was noted.

On day 7, a 1 mcg ACTH stimulation test was per-
formed, with cortisol levels measured before and at 20, 30,
and 40 minutes after ACTH injection. The cortisol levels
were 13.1, 13.8, 13.6, and 13.9 pg/dL, respectively. One
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Figure 1. Initial abdominal computed tomography: diffuse enlarge and increased attenuation of left adrenal gland cor-
related with adrenal gland hematoma and left kidney segmental infarction. (A) Coronal view, V phase (B) Sagittal view,

V phase (C) Axial view

day later, a 250 mcg ACTH stimulation test was performed,
with cortisol levels measured before and at 30 and 60 min-
utes after ACTH injection. The results were 17.8, 23.2, and
21.8 pg/dL, respectively. These results demonstrated an ap-
propriate increase in cortisol following ACTH stimulation,
suggesting a relatively low cortisol level in acute stress but
no evidence of long-term adrenal insufficiency.

During the administration, no hyponatremia, hyper-
calcemia, lymphocytosis, or eosinophilia was observed. In
contrast, mild hyperkalemia was noted, with the maximum
potassium level reaching 5.4 mmol/L on the first and sec-
ond day of hospitalization. A single episode of hypoglyce-
mia was observed, while subsequent glucose measurements
ranged from 90 to 160 mg/dL.

The patient was discharged on day 9 of hospitalization
without the need for permanent steroid supplementation.

DISCUSSION

In this case, the patient's unstable hemodynamics cannot
be fully explained by the estimated blood loss, which is
relatively low compared to the volume of fluids and blood
components administered. Given this discrepancy;, it is es-
sential to consider other potential etiologies of shock be-
yond hypovolemic shock. Specifically, distributive shock
resulting from adrenal insufficiency should be considered
as a potential cause in case of adrenal injury. While differ-
entiating among various causes of distributive shock, such
as septic shock, neurogenic shock, or Critical Illness-Re-
lated Corticosteroid Insufficiency (CIRCI), is inherently
challenging in acute clinical settings, several clinical and
laboratory findings in this patient pointed toward adrenal
insufficiency as the primary cause. The hemodynamic pro-
file was notable for persistent hypotension that was unre-
sponsive to fluids and vasopressors but improved rapidly
following corticosteroid administration. Baseline cortisol
levels were markedly low for the severity of the patient’s
condition, supporting a diagnosis of adrenal insufficiency

rather than CIRCI. Infectious evaluation revealed no
identifiable source of infection on physical examination
or CT imaging, and the patient’s clinical improvement
occurred before infection source control, making septic
shock less likely. Furthermore, there were no clinical or
imaging findings suggestive of neurogenic shock, such as
spinal cord injury or traumatic brain injury. Taken togeth-
er, these findings strongly support adrenal insufficiency as
the most plausible etiology of shock in this patient.

Previous reports have shown that adrenal insufficiency
typically occurs in the setting of bilateral adrenal injury,
with most unilateral cases managed conservatively with-
out hormonal dysfunction. In contrast, our case high-
lights a rare instance of adrenal insufficiency following
unilateral adrenal trauma, suggesting that impaired com-
pensatory function of the contralateral gland, possibly
due to stress-related hypoperfusion, hypovolemic shock,
or subclinical dysfunction, may contribute to adrenal fail-
ure even in the absence of bilateral involvement. The com-
parison of the characteristics between this case and those
reported in previous case reports is presented in Table 1.

Primary adrenal insufficiency is characterized by the
adrenal glands' inability to produce steroid hormones[14].
Functional adrenal insufficiency refers to subnormal ad-
renal corticosteroid production during acute severe ill-
ness, typically transient in nature[14]. When the adrenal
glands fail to mount an adequate stress response, this is
referred to as relative adrenal insufficiency, which can be
diagnosed by a random cortisol concentration of less than
25 pg/dL with a hemodynamic response to the prompt
treatment. One potential etiology of adrenal insufficiency
is traumatic hemorrhage. Secondary adrenal insufficiency
is defined as inadequate adrenal gland function resulting
from a lesion or dysfunction of the pituitary or hypothal-
amus.[14]

The high-dose short-term ACTH stimulation test is
used to diagnose primary adrenal insufficiency[14]. This
test involves administering 250 pug of ACTH via intrave-
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Table 1. Case reports on adrenal gland injury.

Report (year) Patient Side of Adrenal Management Outcome
adrenal insufficiency
gland
Kahdi E. Udobi ~ 50-year-old  Bilateral  Yes Intravenous -
etal. (2001)[11]  female hydrocortisone
Y. Lin et al. 32-year-old  Left No Conservative -
(2013)[15] male
A.Lehrbergetal. 53-year-old  Right No Conservative CT showed complete resolution of previous
(2017)[6] male adrenal hemorrhage.
N.Jimidar etal.  44-year-old  Bilateral  Yes Intravenous Persistent adrenal insufficiency.
(2018)[10] male hydrocortisone
I.M. Karwacka 73-year-old  Right No Adrenalectomy -
etal. (2018)[8] female
65-year-old  Left No (hypercorti- Observation CT showed decrease size of mass.
male solemia, elevated
normetanephrine)
45-year-old  Right No Observation -
male
57-year-old  Left No Observation -
female
Y. Fadil (2021) 47-year-old  Right - Conservative -
[16] male
N. Szwarcbard 60-year-old  Bilateral  Yes Intravenous CT showed resolution of previous adrenal
etal. (2022)[9] male hydrocortisone  hemorrhages but a low-density mass, con-
sistent with an adenoma. Normal adrenal
biochemistry.
88-year-old  Bilateral  Yes Intravenous CT showed complete resolution of previous
female hydrocortisone adrenal hemorrhages. Persistent adrenal in-
sufficiency.
46-year-old  Bilateral ~ Yes Intravenous Persistent adrenal insufficiency.
male hydrocortisone
Bulent Guvendi  42-year-old  Bilateral =~ No - CT showed complete resolution of previous
etal. (2023)[17] male adrenal hemorrhages.
Our case 36-year-old  Left Yes Conservative -
male

nous or intramuscular injection, followed by measuring
serum cortisol levels at baseline, 30 minutes, and 60 min-
utes after the injection. A serum cortisol level exceeding
18-20 ug/dL after ACTH administration generally rules
out primary adrenal insufficiency([10,11].

Most clinical symptoms of adrenal insufficiency are
nonspecific. Laboratory abnormalities such as hypoglyce-
mia, hyponatremia, hyperkalemia, acidosis, lymphocyto-
sis, and eosinophilia may be observed in chronic adrenal
insufficiency[8,10,14].

Replacement therapy with glucocorticoids should
be initiated promptly when adrenal insufficiency is sus-
pected [14]. The recommended initial treatment is an
intravenous bolus of 100 mg hydrocortisone, followed by
a continuous infusion, with a total dose of 240-300 mg
per day[5].

In this patient, serum cortisol during the shock period
was measured at 7.86 ug/dL. Additionally, the 8:00 AM
serum cortisol level was 17.8 pg/dL, which increased to
23.2 pg/dL following the ACTH stimulation test. The lab-
oratory results also revealed an episode of hypoglycemia

and hyperkalemia. After the proper treatment with hy-
drocortisone, the patient’s hemodynamics improved, and
recovery was achieved. All findings were consistent with
relative adrenal insufficiency.

CONCLUSION

This case demonstrates the critical importance of recog-
nizing adrenal insufficiency in trauma patients, particu-
larly when adrenal gland injury occurs in the context of
multi-organ trauma and shock. A temporary administra-
tion of hydrocortisone can significantly stabilize hemo-
dynamics and reduce the need for vasopressor support,
as demonstrated in this patient.
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