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1 | INTRODUCTION

Sickle cell trait is a heterozygous state that results from the inheritance
of one variant gene for sickle hemoglobin and a normal gene for adult
hemoglobin. SCT is estimated to affect one to three million individuals
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Abstract

Sickle cell trait (SCT), a commonly asymptomatic condition, has many associated clin-
ical complications that upon presentation, can be very difficult to attribute to SCT.
The effects of SCT on the spleen, for example, are not completely understood, though
there have been a number of case reports detailing related complications in diverse
populations. Our objective was to perform the first comprehensive case report review
of splenic infarction in SCT patients to highlight the relevance of this seemingly rare
condition. We conducted an extensive literature search reviewing case reports and
case series of acute splenic infarctions from 1970 to 2020. This comprehensive search
resulted in 54 articles with a total of 85 individuals. The ages ranged from 7 to 65,
12% were female. Individuals were of African-American (26%), European (16%), South
Asian (13%), Middle Eastern (7%), Latin American (7%), North or East African (4%),
Mediterranean (4%), West African (1%), and unknown (22%) origins. Although splenic
infarct in SCT patients has been associated with high altitudes, 39% of cases report-
ing altitude occurred below 3000 m. Among cases where HbS values were recorded,
88% occurred in individuals with HbS levels higher than 35%, suggesting that high HbS
values may be a risk factor for splenic infarction. Our findings indicate that splenic
infarct occurs across a wide range of demographic populations and environmental set-
tings. While our understanding of SCT evolves, the findings here suggest that future
advances in research and healthcare could benefit more from real-time surveillance

and registry initiation for various SCT outcomes such as splenic infarct.
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in the United States and over 300 million individuals worldwide.[1] The
global distribution of SCT, which varies widely by geographic region,
is hypothesized to have been driven by the protection that SCT con-
fers against falciparum malaria in malaria-endemic regions such as sub-
Saharan Africa, India, southern Europe, and the Middle East.[2-4] In
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regions, such as African Americans and Hispanic or Latinx/a/os, are
more likely to be affected by SCT.[5]

Unlike as in sickle cell disease (SCD), the erythrocyte sickling does
not generally occur in SCT carriers, and the carrier status has histor-
ically been described as benign. However, several high-profile cases
involving SCT-associated clinical complications among athletes and
military personnel continue to raise questions about the benignity of
the heterozygous state. Research has suggested that some individ-
uals living with SCT are at higher risk of certain conditions, includ-
ing venous thromboembolism, chronic renal diseases, renal medullary
cancer, hematuria, renal papillary necrosis, hyposthenuria, and splenic
infarction.[6-8]

This review focuses specifically on SCT and splenic infarction, one of
the most widely reported but possibly least understood complications
associated with SCT [9]. The underlying pathophysiology is thought to
result from subacute erythrocyte sickling in the spleen in settings of
low oxygen tension [10]. The aim of this study is to conduct a case study
literature review of splenic infarction in individuals with SCT and com-
prehensively examine the risk factors for the development of this com-

plication in children and adults with SCT.

A comprehensive literature review of peer-reviewed journal articles
published between January 1, 1970 and February 1, 2020 was con-
ducted (Figure 1). The literature search was conducted using biblio-
graphic databases, including PubMed, Web of Science, Scopus, Google
Scholar, Embase, and CINAHL. The following search terms were used:
(“Splenic Infarction”[Mesh]) AND “Sickle Cell Trait"[Mesh]; “splenic
infarction” AND “sickle cell trait”; “splenic infarction” AND “sickle cell

», o«

trait”; sickle OR cell OR anemia OR trait “splenic infarction”; “sickle cell

», «

trait” AND “splenic infarction”; “sickle cell trait” AND “splenic infarc-
tion,” respectively.

Five reviewers (JMJ, WS, and NU, KA, YJJB) screened articles based
on predetermined criteria. Duplicate articles and publications not
related to splenic infarction were excluded. Titles and abstracts were
then assessed for eligibility to be included in the literature review. The
following were excluded: (1) research articles that reported exclusively
on patients with SCD or in vitro cells; (2) articles that were not case
reports or case series, including meeting abstracts, prevalence stud-
ies and commentaries; and (3) case reports or case series not involv-

ing splenic infarction. The full texts of all remaining case reports and
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series were examined. After a systematic and comprehensive review
of these full texts, case reports and series were excluded on the follow-
ing parameters: (1) non-English publications; (2) case reports and series
not exclusively on individuals with SCT (e.g., related to spherocytosis),
and (3) case series without individual-level data.

3 | RESULTS

The 1970-2020 literature searches and reference mining yielded 347
publications from PubMed (n = 58), EMBASE (n = 112), Scopus (n=79),
Web of Science (n = 61), CINAHL (n = 12), and Google Scholar (n = 25).
After removing duplicates, we retrieved 161 articles. Each reviewer
conducted two separate rounds of exclusions—the first round exclud-
ing publications based on titles and abstracts and the second excluding
based on a full text review. From these exclusions, 54 articles (11 case
series and 43 case reports) were identified and abstracted (Figure 1).
No case-control, cross-sectional, prospective cohort, or longitudinal
study of sickle cell trait-related splenic infarction were found.

From these 54 articles, we abstracted 85 cases of splenic infarc-
tion in individuals with SCT. Of the 85 individuals, 75 (88%) were male
and 10 (12%) were female. A broad range of ages (7-65 years old) was
represented. Thirteen (15%) individuals were 18 years or younger, 22
(26%) were between 19 and 25 years old, 24 (28%) were between 26
and 35 years old, 16 (19%) were between 36 and 45 years old, and 9
(11%) were 46 and older, and one individual’s age was unknown (1%).

Ethnicity data were examined for 85 subjects [9, 11-54]. We
divided individuals into population groups based on geographic areas
of descent for purposes of analysis, acknowledging that population cat-
egorization can be an arbitrary process that may yield varying results
depending on context. Twenty-two (26%) were of African descent,
14 (16%) were of European descent, 11 (13%) were of South Asian
descent, 6 (7%) were of Middle Eastern descent, 6 (7%) were of Latin
American descent, 3 (4%) were of North or East African descent, 3 (4%)
were of Mediterranean descent, 1 (1%) was of West African descent,
and 19 (22%) were of unknown descent. The demographics of all indi-
viduals included in the review are summarized in Table 1.

As outlined in Tables 2 and 3, the geographic location for the onset
of the splenic infarction was examined for 85 cases [9, 11-23, 25-41,
43-52, 54-61]. Thirty-two (38%) cases occurred in the United States
and 41 (48%) occurred internationally (Table 2). Twelve of the cases
reported internationally occurred in Japan (on or near Mt. Fuiji), while
the remaining cases occurred in India, Iran, Italy, Ethiopia, Saudi Ara-
bia, the Canary Islands, Spain, Peru, the Himalayas, Sri Lanka, Greece,
Canada, and Ecuador. One splenic infarction case transpired in transit
while the individual was on a pressurized airplane traveling from Cali-
fornia to New Jersey [34] (Table 3).

Altitude levels were reported for 59 individuals [9, 11, 13, 17-23, 26-
28, 30, 34, 37, 39,41, 43, 44, 46-48, 50-52, 55, 57, 59-61]. Of the 59
cases reporting altitude, 2 (3%) cases occurred under 1000 m, 4 (7%)
cases occurred between 1001 and 2000 m, 17 (29%) cases occurred
between 2001 and 3000 m, 27 (46%) cases occurred between 3001
and 4000 m, 2 (3%) cases occurred above 4000 m, and 7 (12%) cases

WILEY &

TABLE 1 Demographics of SCT individuals who had a splenic
infarction

Variable Category N (85) %

Sex Male 75 88
Female 10 12

Age (years) <18 13 15
19-25 22 26
26-35 24 28
36-45 16 19
46+ 91 111

Unknown
Population African-American 22 26
groups

European 14 16
South Asian 11 13
Middle Eastern 6 7
Latin American 6 7
North & East African 3 4
Mediterranean B 4
West African 1 1
Unknown 19 22

contained a range or ambiguous altitude levels. In evaluating exer-
cise alone, 29 (34%) of the individuals were physically active during
their infarction, 43 (51%) were not physically active, and 13 (15%)
cases were unknown. Additionally, most of the cases involving phys-
ical activity occurred at high altitudes. Out of those 29 individuals
who were physically active and experienced a splenic infarction, 16
(55%) occurred at an altitude > 3000 m, 9 (31% %) occurred at an alti-
tude < 3000 m, 1 (3%) occurred at 3000 m and 3 (10%) occurred at an
unknown elevation.

Hemoglobin S (HbS) levels were reported for 48 cases [9, 11, 12,
15-17, 19-27, 29, 30, 32, 33, 35, 36, 38-41, 43, 46-51, 53, 54, 56-58,
62, 63]. The percentage of HbS ranged from 29.8% to 46.5%. The fol-
lowing HbS percentages occurred in 48 cases: HbS below 35% (4 cases
or 5%), HbS between 35% and 39.9% (16 cases or 19%), HbS between
40% and 45% (26 cases or 31%), HbS greater than 45% (2 cases or 2%),
and HbS unknown (27 cases or 43%). All the descriptive characteristics
of splenic infarction are summarized in Table 2, while table 3 presents
the individual case reports.

Although symptoms varied in each case, most individuals presented
with more than one symptom and/or sign of splenic infarction, includ-
ing abdominal or left upper quadrant abdominal pain (74% or 95%),
vomiting (30% or 38%), respiratory issues (e.g., shortness of breath,
pain) (19% or 24%), nausea (16% or 21%), left flank pain (5% or 6%), and
jaundice (2% or 3%). Individuals with past medical histories available
had reports of alcoholism, gout, obesity, glucose-6-phosphate dehydro-
genase (G6PD) deficiency, cocaine and heroin use, chronic pancreatitis,

and sleep apnea.
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TABLE 2 Descriptive characteristics of splenic infarction in 85
cases

Variable Category N %
Onset location us 32 38
Internationally 41 48
Not reported 12 14
Altitude level (m) <1000 2 2
1001-2000 4 5
2001-3000 17 20
3001-4000 27 32
>4000 2 2
Ambiguous 7 14
Not reported 26 31
HbS levels (%) <35 4 5
35-39.9 16 19
40-45 26 31
>45 2 2
Not reported 37 44
Physical activity Yes 29 34
No 43 51
Not reported 13 15
Aviation Yes 19 22
No 57 67
Not reported 9 11
Splenectomy Yes 25 29
No 57 67
Not reported 3 4

4 | DISCUSSION

Although SCT is largely considered a benign carrier state, reports of
clinical complications in rare circumstances exist [8]. More frequently,
chronic complications of SCT such as chronic kidney disease and
venous thromboembolism are reported in large epidemiologic stud-
ies [33, 64, 65]. However, acute complications of SCT, such as splenic
infarction, are considerably rarer, and thus the literature is limited to
case reports and series. We present the first comprehensive case study
review of splenic infarction in SCT and find that the demographics and
clinical presentations of this complication in individuals with SCT have
considerable heterogeneity.

High altitude environments with low oxygen tension are recognized
as a potential factor in the development of splenic infarction in people
with SCT, such as during mountain climbing or travel in unpressurized
airplanes [66]. In our study, 49% of cases reporting altitudes occurred
at greater than 3000 m, and a number of these cases demonstrated res-
olution of symptoms upon descent to a lower altitude. However, 39% of
cases reporting altitudes occurred below 3000 m, suggesting that alti-
tude is not the sole environmental risk factor for this complication [9,
11, 13,14, 22, 26, 30, 41, 44, 50, 51, 60, 61]. It is therefore difficult to

deduce an approximate altitude at which splenic infarction is likely to
occur and is important to acknowledge the possibility of infarction in
the absence of a high altitude or hypoxic environment.

There is controversy over whether those of non-African ancestry
with SCT are more susceptible to splenic infarcts. Several prior reports
have suggested that splenic infarction is more likely to occur in SCT
individuals of European descent compared to those of African descent
[18, 38, 66]. Genetic differences, such as frequency of a-thalassemia
mutations, have been postulated to underlie this difference [47]. In
our current review, though we found that 22/83 cases were African-
American, this area is limited by the small number of studies and
ambiguous definitions of population categorizations across studies. In
our current review, we found that there may be an under-reporting in
AAsoverall [9,15, 16, 18,22,28, 31, 34-38, 44,45, 53]. Underreporting
may be due to misdiagnosis as presenting symptoms that are similar to
“mountain sickness.” Nonetheless, our study demonstrates that SCT-
related splenic infarction appears across multiple geographic-descent
populations (Table 3).

As with ancestry, the association between sex, as a predisposing fac-
tor, and splenic infarction is unclear. Our review of the literature con-
firms that both men and women are at risk of splenic infarction. This
contrasts with what was observed in Goodman et al. in which all the
patients were male [66]. In our review, there were ten reported cases
occurring in women, three of which occurred in high altitude environ-
ments (> 3000 m) [22, 34, 37]. Although there is more frequent report-
ing of males, the potential reasons underlying this phenomenon are
manifold; for example, one cause among many may be related to more
men than women historically engaging in mountain climbing and other
strenuous activities at low oxygen levels [21].

The amount of circulating HbS may influence the prevalence of clin-
ical complications in SCT. Co-inheritance of alpha-thalassemia, which
lowers HbS levels, has been found to decrease urinary concentrating
dysfunction among individuals with SCT [47]. In SCT carriers without
alpha-thalassemia, the average HbS percent is between 35% and 45%.
In our review, we found that most of the reports with recorded HbS val-
ues (44/48 or 88%) occurred in individuals with HbS levels above 35%;
therefore, high HbS values may predispose individuals to splenicinfarc-
tionin SCT. Additionally, several case reports noted other potential risk
factors such as drug use, sleep apnea, and infection, which may con-
tribute to the pathophysiology of splenic infarction in SCT individuals
[14, 18, 38, 56].

The pathophysiology of splenic infarction in SCT is not clear. The
risk of pulmonary embolism has been noted to be higher in individ-
uals with SCT compared to those without [8], and a few of the case
reports in our review did mention a history of pulmonary embolism or
infarction in SCT carriers who also experienced splenic infarction [24,
39, 49]. While chronic hypercoagulability likely plays a role in venous
thromboembolism, it is not known whether acute arterial complica-
tions such as splenic infarction also have a common underlying mech-
anism. Given the limitations of case series and reports, no definitive
conclusions about clinical risk factors for SCT-related splenicinfarction
can be made. In general, splenic infarction in individuals with SCT is a

rare event, no comprehensive research studies have been conducted
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of this clinical outcome, and our review was limited to case reports and
case series.

There is a need for a more comprehensive reporting of splenic
infarction and specifically, a better understanding of presenting symp-
toms and physical examination findings to reduce its misdiagnosis
(e.g., mountain sickness) and improve clinical outcomes. We have
not discussed clinical presentation of the cases. Future studies and
more data collection, possibly through the initiation of patient reg-
istries, are needed to better characterize risk factors for this com-
plication in people with SCT and to determine optimal clinical

management.
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