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Abstract
The sickle cell trait is considered a benign entity that generally does not show clinical
manifestations. However, some complications have been described under certain conditions,
such as a decrease in oxygen level, dehydration, and strenuous physical efforts. Among them,
splenic infarct is a rare complication that presents as left upper abdominal pain in a situation of
stress such as high altitude exposure. We present two cases of splenic infarcts in patients with
undiagnosed sickle cell trait who showed to our institution with severe abdominal pain after
coming from high altitude cities.
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Introduction
The sickle cell trait (SCT) is found in individuals with an inherited hemoglobin S (HbS) gene
and a normal one hemoglobin gene [1]. The HbS is a result of glutamic acid to valine
substitution in position six of the β-globin gene on chromosome 11 [2]. In 2010, the incidence
of SCT in the U.S. was 15.5 per 1,000 newborns, with 73.1 for the black population and 6.9 per
1,000 newborns for Hispanics [3]. The amount of HbS distributed follows a trimodal pattern
depending on the amount of α-globin chains (40%, 35%, 20-25%) [4]. There is an increased
chance of polymerization and sickling with more amount of HbS [4].

Before, it was considered as a benign condition with protection to malaria and no painful
episodes. However, several complications have been described in the literature as case reports,
including venous thromboembolism, renal involvement, and splenic infarcts [5]. There are less
than 100 reported cases of splenic infarcts in SCT associated with high altitude exposition [6,7].
Here, we present two unrelated cases of previously healthy young males who presented to a
hospital located in Guayaquil, Ecuador, at sea level, after visiting high altitude cities. They were
diagnosed with splenic infarcts related to undiagnosed SCT.

Case Presentation
Case 1
A 25-year-old Hispanic male with no known past medical history presented to the hospital
complaining of left upper abdominal quadrant pain. He stated that pain started after he
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returned from a trip to a location at 16,700 feet of altitude. In the hospital, his vital signs were
within normal limits except for tachycardia. On the physical exam, there was splenomegaly
with tenderness to palpation. The ultrasound showed heterogeneous images in the spleen
compatible with ischemic lesions, which were confirmed later as splenic infarcts with
computed tomography (CT) of the abdomen (Figure 1). His lab results were as follows:

hemoglobin of 15 g/dL, hematocrit of 49%, leukocytes of 6.28 x 109/L, and platelets of 453 x

109/L. Trying to find the cause, we ordered protein C, protein S, antithrombin III, factor V
Leiden, and D-dimer tests, which came back negative. After that, we conducted hemoglobin
electrophoresis, showing hemoglobin A (HbA) of 57.5%, HbS of 39%, hemoglobin A2 (HbA2) of
3.5%, and hemoglobin F (HbF) 1.9%. The patient was diagnosed with SCT, which was treated
with hydration and pain management until symptoms resolved.

FIGURE 1: CT of the abdomen
Coronal CT of the abdomen showing splenomegaly and low attenuated images in the spleen
compatible with splenic infarction.

Case 2
A 20-year-old Hispanic male with no known past medical history presented to our hospital
complaining of left upper abdominal quadrant pain and jaundice. These manifestations
presented after he went to a city located at an altitude of 10,341 feet. On the physical exam, the
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patient showed splenomegaly, which was tender to palpation. In the ultrasound, there were
multiple heterogeneous images within the spleen. In the CT angiogram of the abdomen, there
was notable splenomegaly and lack of enhancement of the spleen compatible with splenic
infarct (Figure 2). The complete blood count study showed hemoglobin of 13.8 g/dL, hematocrit

of 38%, leukocytes of 13.3 x 109/L, and platelets of 157 x 109/L. His total bilirubin was 4.30
mg/dL, with indirect bilirubin of 3.49 mg/dL. Looking for a thrombogenic explanation, we
studied protein C, protein S, antithrombin III, factor V Leiden, and D-dimer, but they were
negative. Finally, the hemoglobin electrophoresis results showed HbA of 55%, HbS of 40%,
HbA2 of 3.2%, and HbF of 1.8%, giving a diagnosis of SCT. During his admission, he was treated
with conservative measures, such as symptom control and hydration, until he was discharged
home.

FIGURE 2: Axial contrast-enhanced CT of the abdomen
Axial contrast-enhanced CT of the abdomen showing splenomegaly and lack of spleen
enhancement suggesting splenic infarct.

Discussion
We presented two patients without known previous pathology who had sudden abdominal pain
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after traveling to high altitudes cities. One of the cases also had jaundice. Both of them were
diagnosed with splenic infarcts, and further investigations revealed that they were SCT carriers.

Splenic infarction is a rare and overlooked cause of abdominal pain [8]. It can be caused by
thromboembolism, secondary to cardiovascular disease, or hypercoagulable state. Other causes
are acute spleen enlargement secondary to infection or hematological diseases, obstruction of
the splenic artery or vein, infiltrative diseases, and autoimmune disorders (e.g., polyarteritis
nodosa, systemic lupus erythematosus) [9]. Most commonly, it presents as abdominal pain
located in the left upper abdomen or sometimes in the epigastrium [8,10]. Diagnosis
confirmation is made with contrast CT of the abdomen, which is more sensitive than the
abdominal ultrasound [11]. They are seen as peripheral wedge areas that do not enhance with
contrast [12].

SCT is one of the described causes of splenic infarction. In the literature, from 1985 to 2013,
only 34 cases of high altitude-related splenic infarcts in the SCT population were reported [6].
These patients usually are unaware of their genetic condition until they develop symptoms
sharply after they arrive at high altitude locations [1]. It is more prevalent in males and
nonblack patients, and does not present in sickle cell disease due to their atrophic spleen
secondary to repeated vaso-occlusive events [1]. Splenic infarct incidence directly correlates
with the amount of HbS, especially in patients with an HbS higher than 40% [13]. As an
interesting fact, people with SCT who were born in and live in high altitude cities do not
present splenic infarcts likely due to an adaptation to low oxygen conditions since
childhood [14].

Pathophysiology consists of HbS polymerization secondary to hypoxia, causing red cells to
sickle and occlude the tributary vessels of the splenic artery [15]. The spleen is mainly affected
due to previous splenomegaly secondary to splenic sequestration [1,16]. This leads to
abdominal pain, with guarding of the abdominal wall musculature and rebound tenderness on
the physical exam [6,17]. Patients can also present with nausea, vomiting, or dyspnea [17].
Dyspnea is caused by diaphragm irritation leading to decreased breathing or splinting [6].

Splenic infarction can lead to complications such as abscesses or pseudo-cyst formation, spleen
rupture, and hemorrhage [16,18,19]. Generally it is benign, and conservative management is
enough for relief of the symptoms. It consists of rest, hydration, oxygen support if needed, pain
control, and descent to a lower altitude [20]. Indications for splenectomy are splenic rupture,
abscess, sequestration crisis, and chronic pain despite supportive therapy [4,6]. In
uncomplicated cases managed with conservative treatment, symptoms resolve between 7 and
14 days [16].

Conclusions
Although splenic infarction associated with SCT is rare, this condition has to be kept in mind in
patients who present with sudden abdominal pain after being exposed to high altitude. Once
the splenic infarction is diagnosed, hemoglobin electrophoresis should be part of the workup to
find the cause of the infarction. Finally, the management in the majority of cases consists of
conservative therapy with symptomatic control and hydration.
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Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from

2020 Gonzalez et al. Cureus 12(8): e9815. DOI 10.7759/cureus.9815 4 of 6



any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All
authors have declared that there are no other relationships or activities that could appear to
have influenced the submitted work.

References
1. Sheikha A: Splenic syndrome in patients at high altitude with unrecognized sickle cell trait:

splenectomy is often unnecessary. Can J Surg. 2005, 48:377-381.
2. Key NS, Derebail VK: Sickle-cell trait: novel clinical significance . Hematology Am Soc

Hematol Educ Program. 2010, 2010:418-422. 10.1182/asheducation-2010.1.418
3. Ojodu J, Hulihan MM, Pope SN, Grant AM: Incidence of sickle cell trait-United States, 2010 .

MMWR Morb Mortal Wkly Rep. 2014, 63:1155-1158.
4. Tsaras G, Owusu-Ansah A, Boateng FO, Amoateng-Adjepong Y: Complications associated

with sickle cell trait: a brief narrative review. Am J Med. 2009, 122:507-512.
10.1016/j.amjmed.2008.12.020

5. Gibson JS, Rees DC: How benign is sickle cell trait? . EBioMedicine. 2016, 11:21-22.
10.1016/j.ebiom.2016.08.023

6. Murano T, Fox AD, Anjaria D: Acute splenic syndrome in an African-American male with
sickle cell trait on a commercial airplane flight. J Emerg Med. 2013, 45:161-165.
10.1016/j.jemermed.2013.05.009

7. Goodman J, Hassell K, Irwin D, Witkowski EH, Nuss R: The splenic syndrome in individuals
with sickle cell trait. High Alt Med Biol. 2014, 15:468-471. 10.1089/ham.2014.1034

8. Ozakin E, Cetinkaya O, Baloglu Kaya F, Acar N, Cevik AA: A rare cause of acute abdominal
pain: Splenic infarct (case series). urk J Emerg Med. 2015, 15:96-99.
10.5505/1304.7361.2015.16769

9. Antopolsky M, Hiller N, Salameh S, Goldshtein B, Stalnikowicz R: Splenic infarction: 10 years
of experience. Am J Emerg Med. 2009, 27:262-265. 10.1016/j.ajem.2008.02.014

10. Schattner A, Adi M, Kitroser E, Klepfish A: Acute splenic infarction at an academic general
hospital over 10 years: presentation, etiology, and outcome. Medicine (Baltimore). 2015,
94:1363. 10.1097/MD.0000000000001363

11. Norman FF, Rojas-Marcos J, Hermida-Donate JM, Monge-Maillo B, Perez-Molina JA, López-
Vélez R: Splenic infarction and malaria. Trans R Soc Trop Med Hyg. 2014, 108:455-460.
10.1093/trstmh/tru095

12. Kamaya A, Weinstein S, Desser TS: Multiple lesions of the spleen: differential diagnosis of
cystic and solid lesions. Semin Ultrasound CT MR. 2006, 27:389-403.
10.1053/j.sult.2006.06.004

13. Lane PA, Githens JH: Splenic syndrome at mountain altitudes in sickle cell trait: its
occurrence in nonblack persons. JAMA. 1985, 253:2251-2254.
10.1001/jama.1985.03350390093033

14. Addae S, Adzaku F, Mohammed S, Annobil S: Survival of patients with sickle cell anemia
living at high altitude. South Med J. 1990, 83:487. 10.1097/00007611-199004000-00033

15. Sinha MK, Raghuwanshi B, Bag ND, Barman A: Splenic infarction in two members of the
family with sickle cell trait: a case report of rare complication. Int J Appl Basic Med Res. 2017,
7:272-274. 10.4103/ijabmr.ijabmr_369_16

16. Arora MM, Bhatia JK, Khanna V, Jaiswal P, Charan VD: Splenic syndrome due to sickle cell
trait amongst Indian soldiers serving in Kashmir. Med J Armed Forces India. 2008, 64:123-126.
10.1016/S0377-1237(08)80052-4

17. Scordino D, Kirsch T: Splenic infarction at high altitude secondary to sickle cell trait . Am J
Emerg Med. 2013, 31:446.E1-446.E3. 10.1016/j.ajem.2012.05.033

18. Pothula V, Saegusa E, Takekoshi D, Edson T, Ignacio R: Splenic syndrome: a rare indication
for splenectomy. Mil Med. 2008, 173:1233-1237. 10.7205/MILMED.173.12.1233

19. López De Guimaraes D, Menacho López J, Palacios JV, Vásquez VM: Infarto Esplénico en la
altura, Huaraz-Perú (3.100 M). Revista de Gastroenterología del Peru. 2009, 29:179-184.

20. Kumar R, Kapoor R, Singh J, Das S, Sharma A, Yanamandra U, Nair V: Splenic infarct on
exposure to extreme high altitude in individuals with sickle trait: a single-center experience.

2020 Gonzalez et al. Cureus 12(8): e9815. DOI 10.7759/cureus.9815 5 of 6

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3211898/
https://dx.doi.org/10.1182/asheducation-2010.1.418
https://dx.doi.org/10.1182/asheducation-2010.1.418
https://www.cdc.gov/mmWr/preview/mmwrhtml/mm6349a3.htm
https://dx.doi.org/10.1016/j.amjmed.2008.12.020
https://dx.doi.org/10.1016/j.amjmed.2008.12.020
https://dx.doi.org/10.1016/j.ebiom.2016.08.023
https://dx.doi.org/10.1016/j.ebiom.2016.08.023
https://dx.doi.org/10.1016/j.jemermed.2013.05.009
https://dx.doi.org/10.1016/j.jemermed.2013.05.009
https://dx.doi.org/10.1089/ham.2014.1034
https://dx.doi.org/10.1089/ham.2014.1034
https://dx.doi.org/10.5505/1304.7361.2015.16769
https://dx.doi.org/10.5505/1304.7361.2015.16769
https://dx.doi.org/10.1016/j.ajem.2008.02.014
https://dx.doi.org/10.1016/j.ajem.2008.02.014
https://dx.doi.org/10.1097/MD.0000000000001363
https://dx.doi.org/10.1097/MD.0000000000001363
https://dx.doi.org/10.1093/trstmh/tru095
https://dx.doi.org/10.1093/trstmh/tru095
https://dx.doi.org/10.1053/j.sult.2006.06.004
https://dx.doi.org/10.1053/j.sult.2006.06.004
https://dx.doi.org/10.1001/jama.1985.03350390093033
https://dx.doi.org/10.1001/jama.1985.03350390093033
https://dx.doi.org/10.1097/00007611-199004000-00033 
https://dx.doi.org/10.1097/00007611-199004000-00033 
https://dx.doi.org/10.4103/ijabmr.ijabmr_369_16
https://dx.doi.org/10.4103/ijabmr.ijabmr_369_16
https://dx.doi.org/10.1016/S0377-1237(08)80052-4
https://dx.doi.org/10.1016/S0377-1237(08)80052-4
https://dx.doi.org/10.1016/j.ajem.2012.05.033
https://dx.doi.org/10.1016/j.ajem.2012.05.033
https://dx.doi.org/10.7205/MILMED.173.12.1233
https://dx.doi.org/10.7205/MILMED.173.12.1233
http://www.scielo.org.pe/scielo.php?script=sci_arttext&pid=S1022-51292009000200011&lng=es&tlng=es
https://dx.doi.org/10.1089/ham.2018.0120


High Alt Med Biol. 2019, 20:215-220. 10.1089/ham.2018.0120

2020 Gonzalez et al. Cureus 12(8): e9815. DOI 10.7759/cureus.9815 6 of 6

https://dx.doi.org/10.1089/ham.2018.0120

	Splenic Infarct Secondary to High Altitude Exposure in Sickle Cell Trait Patients: A Case Series
	Abstract
	Introduction
	Case Presentation
	Case 1
	FIGURE 1: CT of the abdomen

	Case 2
	FIGURE 2: Axial contrast-enhanced CT of the abdomen


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


