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A growing body of evidence suggests a role for platelets in sickle cell disease (SCD). Despite the proinflammatory,
occlusive nature of platelets, a role for platelets in acute chest syndrome (ACS), however, remains understudied. To
provide evidence and potentially describe contributory factors for a putative link between ACS and platelets, we
performed an autopsy study of 20 SCD cases—10 of whom died from ACS and 10 whose deaths were not
ACS-related. Pulmonary histopathology and case history were collected. We discovered that disseminated
pulmonary platelet thrombi were present in 3 out of 10 of cases with ACS, but none of the matched cases without
ACS. Those cases with detected thrombi were associated with significant deposition of endothelial vWF and
detection of large vWF aggregates adhered to endothelium. Potential clinical risk factors were younger age and
higher platelet count at presentation. However, we also noted a sharp and significant decline in platelet count prior
to death in each case with platelet thrombi in the lungs. In this study, neither hydroxyurea use nor perimortem
transfusion was associated with platelet thrombi. Surprisingly, in all cases, there was profound pulmonary artery
remodeling with both thrombotic and proliferative pulmonary plexiform lesions. The severity of remodeling was not
associated with a severe history of ACS, or hydroxyurea use, but was inversely correlated with age. We thus provide
evidence of undocumented presence of platelet thrombi in cases of fatal ACS and describe clinical correlates. We
also provide novel correlates of pulmonary remodeling in SCD.
Am. J. Hematol. 91:173–178, 2016.VC 2015 The Authors. American Journal of Hematology Published by Wiley Periodicals, Inc.

� Introduction
Sickle cell disease (SCD) is a genetic disease triggered by a point mutation in the b-globin chain of hemoglobin resulting in a glutamic acid in the

sixth position of the b-chain instead of valine (HbS). This illness is an autosomal recessive disorder affecting �100,000 people in the US alone [1].
There are an estimated 300,000 births per year worldwide (WHO).

One of the leading causes of death in patients is acute chest syndrome (ACS) [2]. The pulmonary manifestations of ACS can appear suddenly,
and often progress rapidly to fatality. There are multiple identified etiologies associated with the development of ACS including infection, fat or
pulmonary embolism, or opiate intoxication [3]. In most cases, the cause cannot be attributed to a single agent, and if so it is likely determined
authoritatively only at autopsy.

One potential commonality is that an acute pain event usually precedes the onset of ACS [3]. Although clearly much remains to be learned,
acute pain events are one of the better characterized aspects of SCD. In most cases, there is an increase in inflammatory markers and indicators of
endothelial dysfunction [4,5]. Platelet activation increases during pain events, as do platelet-derived markers of inflammation [6]. In fact, platelets
are emerging as potentially pivotal contributors to the overall inflammatory state of patients [7]. Hemolysis is a defined activator of platelets
[8–10], as is certain bacterial infections [11]. Inflammatory factors from the a-granules of platelets such as CD40L and thrombospondin circulate
at higher levels in patients with SCD. These levels increase further as patients enter acute events [12,13].

Changes in platelet count are also associated with acute clinical events, including ACS [14]. Patients with SCD, even at steady state typically
have higher platelet counts than those without the illness [15]. However, platelet count typically drops during acute events [14,15], and in some
cases thrombocytopenia can occur in ACS [2]. This drop in platelet count is usually attributed to platelet adhesion and sequestration in the vascu-
lature. Although platelet activation increases during the acute events, the mechanism through which this sequestration may occur is also under-
studied. Nonetheless, the magnitude of the decrease in platelet count is predictive of neurological outcome in ACS [2], so there is clearly merit in
exploring the role of platelets during this life-threatening event in patients with SCD.

In illnesses where there is demonstrable platelet sequestration in the vasculature, such as thrombotic thrombocytopenic purpura (TTP), the eti-
ology of platelet activation and sequestration is known [16]. In most cases of TTP, there is a profound inhibition of ADAMTS13—an enzyme that
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cleaves vWF. Without this cleavage vWF forms ultra large multimers
that can be released in the bloodstream and promote platelet activa-
tion [17]. The deposition of these ultra large vWF multimers on the
endothelium also plays a role in platelet adhesion and occlusion in
the microvasculature. The results of this occlusion can be devastating
to most end organs [18]. At present, the best treatment for TTP is
plasma exchange [19] to remove factors such as complement—which
promotes clearance of the ADAMTS-13 enzyme [16]. It is worthy to
note that hemolysis may inactivate ADAMTS-13 due to elevation in
unconjugated bilirubin [20], or free heme which may activate comple-
ment [21]. Plasma exchange may deplete these hemolytic moieties as
well as circulating vWF that binds to activates platelets or deposits on
endothelial cells. Alternatively, platelet activation itself, via the release
of thrombospondin-1, is also a potent inhibitor the ADAMTS-13
enzyme [22] consequently the ultra large multimers of vWF have
been detected in patients with SCD [22,23].

A key feature of pulmonary pathology at autopsy in patients with
SCD is the profound pulmonary artery remodeling and plexiform
lesion [24]. Although the mechanism through which these restrictive
and proliferative pathologies occur, they are associated with a rise in
pulmonary artery pressure and symptoms of pulmonary hypertension.
The incidence of pulmonary hypertension in SCD is thought to be
increasing due to the increasing lifespan of patients [25]. Recurrent
lung injury from ACS or other sources is believed to set the stage for
this potentially fatal condition.

In this autopsy study, we examined pulmonary pathology of
patients with fatal cases of ACS in order to determine if platelet
sequestration/thrombi are present in patients with ACS. We also set
out to determine the factors that may contribute to such thrombi
formation. To this end, we interrogated pulmonary histopathology
and overall clinical presentation in the perimortem. We also exam-
ined the pulmonary artery remodeling and plexiform lesion associated
with the development of pulmonary hypertension.

� Materials and Methods
Autopsy case series. A study of pulmonary histology in patients with SCD and ACS

was conducted by forming a case series comprised of 20 autopsies conducted at Georgia
Regents Medical Center from 1997 to 2013. According to the medical record or autopsy
report, 10 cases had ACS listed concurrent with or as primary cause of death. As a nega-
tive control a series of 10 additional cases were sampled whose cause of death was listed
as something other than ACS. The cause of death, genotype, and age of this cohort
(Patient# 11–20) are listed in Supporting Information Table I. No pediatric cases were
included in either group. Age range for all cases was 18–63 years old. Paraffin-
embedded lung samples were procured from all cases. At minimum, slides from each
case were prepared from middle and inferior lobe of the right lung and the anterior sec-
tion of the superior lobe and inferior lobe of the left lung. Seven of the ACS cases were
women. In the negative control cohort, four cases were women. Two cases had S/b0Tha-
lassemia (S/b0Thal) listed as genotype in the ACS positive group, one case was listed as
SC in the negative control group the rest were SS genotype. In 8 of the 10 cases, includ-
ing all platelet positive cases, pain preceded ACS. All ACS cases had thrombi or micro-
thrombi noted in the autopsy report. Platelet counts from the autopsy study were
abstracted from the patient medical record, and from 17 of the 20 cases, medications at
steady state, transfusion (exchange or simple) during current intervention, and therapies
known to affect platelet activation (count of function we abstracted as well. A summary
of the therapies and medications for each case is found in Supporting Information Table
II. This study was declared as nonhuman subject’s research by the IRB at Georgia
Regents University according to DHHS 45 CFR 46.

Platelet and vWF staining in human lung tissue. Standard immuno-histochemical
techniques were used to detect platelet thrombi (anti-CD41 antibody, Abcam,
ab63983) and vWf (Abcam, ab6994) in preserved lung samples. Hematoxylin and
Eosin (H&E) staining was also conducted. Each interrogation of platelets was con-
ducted in specimens from at least four separate lung blocks corresponding to differ-
ent areas of the lung as indicated above. Staining for vWF was interpreted by a
hematopathologist and scored by blinded observers.

Pulmonary artery remodeling and plexiform lesion scoring. Pulmonary artery
remodeling and plexiform lesions were visualized from preserved lung blocks using
H&E staining. The pathology blinded scoring schema and types of plexiform lesions
included in the analysis are described in the legend for Table II, and illustrated in
Supporting Information Fig. 2.

Statistical analysis. To compare the difference in patient age between the groups
with platelet thrombi and those without, we used Moods Median Test to estimate
P value. All correlations between continuous correlations were analyzed via Spear-
man’s regression. Pathology score correlations between pulmonary arterial remodel-
ing and age/ACS severity were assessed using Kendall’s regression and calculation
of s to avoid error introduced by “tied” values in the discrete dataset. The drop in
platelet count during ACS was evaluated using Wilcoxon’s matched pairs signed
rank test. Fisher’s Exact Test was used to explore the relationship between hydrox-
yurea use and pulmonary artery remodeling. Data are presented as median with
interquartile range (IQR). For all studies P< 0.05 is considered significant.

� Results
Platelet thrombi in the lungs of patients with
SCD and ACS at autopsy

Paraffin embedded lung samples from 10 patients with ACS and 10
who died without ACS were analyzed for the presence of platelets. Pro-
found arterial platelet thrombi were detected in 3 out of the 10 fatal
cases of ACS. None were noted in the cohort of cases where ACS was
not the cause of death. We noted that arterial vessels of all sizes ranging
from medium arteries, arterioles, and part of the capillary system had
platelet thrombi or were completely occluded by platelets (representa-
tive data shown Fig. 1a,b). All platelet positive cases had a genotype of
SS. In two of the three cases, there was significant evidence with echo-
cardiography of profound right heart strain. One of those patients
exhibited McConnel’s sign (a finding at echocardiography describes a
distinct regional pattern of right ventricular dysfunction, with akinesia
of the mid free wall, but normal motion at the apex) but no evidence of
pulmonary embolism was detected post-mortem [28]. In two of the
three cases with platelet thrombi, none of the established causes of ACS
[2] were mentioned in the medical record or autopsy report, whilst for
one platelet positive case, lipid-laden macrophages in the lung were
noted in the autopsy record. The presence of these cells could suggest a
fat embolism concurrent with or as causal with the fatal ACS. All plate-
let positive cases presented with pain as the primary symptom. The pla-
telet occlusion was detected in the middle and inferior lobes of the
lung. Identical interrogation of lung tissue was conducted on cases
where ACS was not listed as cause of death. No pulmonary platelet
thrombi were detected. We did note pulmonary vessel occlusion from
erythrocytes (RBCs) in those patients with ACS without platelet
thrombi. In Fig. 1c, we highlight the appearance of such an occlusion
(left) and also note that in these patients without platelet thrombi, these
RBC occlusions fail to stain positive with the anti-CD41 antibody (Fig.
1c middle and left panel).

Clinical variables associated with pulmonary
platelet thrombi in ACS

We then sought to examine variables which could account for the
accumulation of platelets in the lung during ACS. Although our study
includes cases from across adulthood in SCD, there was no difference
in median age of the group with ACS and the group without
(P5 0.48) (Fig. 2a, top panel). However, one of the most obvious dif-
ferences between the ACS groups was patient age. The median age
for the platelet positive group was 26.0 years [IQR: 23,31], whereas in
the platelet negative group the median was 36.0 years [IQR: [IQR:
23,31] (P5 0.03) (Fig. 2a, bottom panel) suggesting that younger age
may be a risk factor for pulmonary platelet occlusions.

We next examined platelet counts during the acute and fatal epi-
sodes of chest syndrome presented here, and in those from patients
with SCD who died from other causes. We were able to abstract at
least two platelet counts from 9 out of the 10 total cases—and all
three cases with pulmonary platelet thrombi—during the ACS episode
leading to their death. Peri-mortem platelet counts were available for
9 out of 10 cases in the negative control group as well. The median
time between the two platelet count determinations for each ACS
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case was 9.3 hr [IQR5 8.4, 14.2] and 14.2 hr [IQR5 11.4, 16.6] for
those without ACS. For those medical records which contained more
than two platelet counts, the two most proximal to death were used.

First, we noted that during this acute event those patients with pulmo-
nary platelet thrombi had higher initial platelet counts that those without
platelet thrombi [median5 581 3 103 cells ml21, IQR 5547,651 for
patients with platelet thrombi versus 324 3 103 cells ml21,
IQR5 239,324 for those without (P5 0.023)] (Fig. 2b). Second, we
observed a significant drop in platelet count in those patients with pul-
monary platelet thrombi (Fig. 2c, right panel, P5 0.01), one of the
patients became thrombocytopenic. The group without pulmonary plate-
let thrombi however, demonstrated no consistent elevation or drop
in platelet count (Fig. 2d, left panel). There was no consistent change in
platelet count in the negative control group (Fig. 2e).

Patient medication and therapy

We queried each patient’s chart for medication or therapy that might
associate with the presence of absence of platelet pulmonary thrombi.
No specific anti-platelet drugs (triflusal, eptifibatide, abciximab, ticagre-
lor, clopidogrel, prasugrel, ticlopidine, cilostazol, tirofiban) were admin-
istered during steady state or listed in the patient chart during
hospitalization. We also found no occurrence of aspirin or nonsteroidal
anti-inflammatory drugs. Therefore, we focused on those drugs with a
known effect on platelet count instead of function. We did not find any
relationship between steady state hydroxyurea use (P5 0.891) or
administration of heparin prior to death (P5 0.76), although we were

unable to find a negative antibody screen for heparin-induced thrombo-
cytopenia in either of the patient’s charts. We also believed that any
anti-coagulants or fibrinolytics may have an effect on platelet thrombi.
One patient with platelet thrombi differential diagnosis was strongly
suggestive of a pulmonary embolism. The treatment included fibrino-
lytic therapy, which failed to ameliorate symptoms. A patient without
platelet pulmonary thrombi was also administered tPA suggesting fibri-
nolytics were unlikely to induce or ameliorate these thrombi. We also
could find no consistent relationship between anti-coagulants and pla-
telet thrombi. Virtually the entire cohort was transfused. Only one
patient was treated with exchange transfusion, however. These data are
summarized in Supporting Information Table II. Because these patients
were treated at the same institution, even though these events occurred
over the span of some years, critical care and life support measures were
remarkably similar in all cases. Because of the matching of years
between the non-ACS cohort and ACS cohort any variations however,
would be controlled. Standard therapies such as antibiotics, hydration,
and pain medication were administered across both cohorts and were
not considered as contributory to platelet accumulation in the lungs.

Detection of increased vWF deposition in the
lungs of patients with pulmonary platelet thrombi

With the accumulation of platelet thrombi and the declining platelet
counts, and no clear role of medication, we next examined if we could
identify a difference in vWF deposition on the endothelium (EvWF)
between groups. Among those patients with no platelet pulmonary

Figure 1. Pulmonary platelet occlusion in lungs from SCD patients with fatal ACS. (a) Intense positive anti-CD41 staining revealed platelet laden thrombi in
small size arteries (left panel) with the corresponding serial section H&E staining (right panel). (b) Platelet occlusion in the large vessels of the lung (left
panel); H&E serial section staining to the right. (c) Occlusion of vessels by RBCs representative images of lungs without pulmonary platelet occlusion, but
occluded with RBCs. Left panel: Representative H&E image. Middle and right panel: Representative images of platelet negative lungs and negative CD41
staining. Faint brown stain is from RBCs (At arrows). Images in middle and right panel are briefly counter-stained with hematoxylin to highlight lung struc-
ture. Data of three cases with platelet occlusion shown in (a) and (b). Images in (c) are from three independent cases with ACS. n520 total cases analyzed.
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thrombi, we detected a clear, though modest endothelial staining pattern
for vWF. In one case without platelet thrombi there was no vWF detected
on the endothelium. In an analysis using blinded observers we found that
in the cases with platelet rich thrombi, there was increased endothelial
vWF deposition versus those cases without. We also detected intensely
staining discrete aggregates of vWF present in the vessel. The intensely
staining vWF aggregates were not present in those cases without platelets.
Scored data are summarized in Table I. Representative images of the
stained tissue are found in Supporting Information Fig. 2.

Pulmonary artery remodeling and plexiform
lesion in SCD

In addition to the prominent pulmonary platelet thrombi in 3 out
of 10 of the cases with ACS examined one striking feature of pulmo-
nary pathology in all 20 of these patients was the degree of restrictive
pulmonary artery remodeling regardless of age. In fact, the represen-
tative pulmonary artery shown in Supporting Information Fig. 2a is
derived from a 23-year-old patient. We also observed profound plexi-
form lesions in these patients, of both the thrombotic and prolifera-
tive nature. We then scored all 20 cases for both remodeling
pathology (R-Score) and both types of plexiform lesion (see Table II
for scoring schema and results). We then determined if there was a
relationship between the frequency and severity of ACS (scoring
schema and scores also in Table II) and the noted pulmonary artery
remodeling. Surprisingly, we found no relationship (s 5 20.429,
P5 0.623). We also noted no relationship between hydroxyurea use
and pulmonary remodeling score (P5 0.6437). However, when we
examined age and pulmonary artery remodeling, we found a signifi-
cant, but inverse relationship (s 5 20.489, P5 0.0276), suggesting
that those older patients had less pulmonary artery remodeling.

� Discussion
In summary, we detected a platelet mediated occlusion in 3 out of

10 patients with SCD who succumbed to ACS. These occlusions were
associated with younger age, higher platelet counts in ACS coupled
with a significant drop in platelet count as ACS worsened. We also
noted an increase in quantity and nature of endothelial vWF deposi-
tion. Although it is one of the most common insults to the lungs in
SCD, we found no relationship between a significant history and
severity of ACS and pulmonary artery remodeling. We noted that the
degree of pulmonary artery remodeling appears to decline with age.
Taken together these data suggest a novel etiology of ACS that
involves profound pulmonary platelet thrombi, but may preclude
ACS as a significant contributor to pulmonary insult in SCD.

Although clearly, due to the limited size of the study, the data and
any conclusions must be interpreted with a degree of caution. How-
ever, an autopsy case study of 10 patients who died with ACS, and
20 in total is, to our knowledge, one of the bigger studies of its kind.
As such, this work has produced some novel, potentially relevant
findings. Our data suggest that, since most of the patients in the ACS
group presented with pain as their initial symptom, the evolution of a
pain crisis into ACS may, in some cases, be related to platelet and
platelet activation. Platelet activation and platelet mediated inflamma-
tion increases during pain crisis, making them attractive therapeutic
targets [29]. There have been several studies of anti-platelet agents in
steady state SCD, mainly ADP-receptor antagonists [30,31]. The use
of such agents are well tolerated and may mitigate pain. One agent,
eptifibatide, has been administered during both steady state [32] and
acute pain crisis [33] and appears to be well tolerated in both settings.

Figure 2. Age and platelet count correlate in patients with pulmonary platelet thrombi. Age associates with pulmonary platelet thrombi. Top panel—There is
no significant difference in age between the group with ACS and the group without. Bottom panel—Patients with pulmonary platelet thrombi in ACS are sig-
nificantly younger than those patients without these thrombi. Median 26.00 versus 36.00 years [IQR: 23,31 and 23,31]. *P50.03. (b) Initial platelet count is
higher in those patients with pulmonary platelet thrombi. There is no difference between initial platelet count amongst the platelet negative group with ACS,
and those without ACS. (c) Left panel: Platelet count drops in patients with pulmonary platelet thrombi detected at autopsy. Median initial value: 581 3 103

cells ml21 [IQR: 547 3 103,651 3 103]. Median final value: 215 3 103 cells ml21 [IQR: 180 3 103, 346 3 103] P50.023. Right panel: There is no change in peri-
mortem platelet count in those patients without pulmonary thrombi. P50.046. Median initial value: 581 3 103 cells ml21 [IQR: 547 3 103, 651 3 103]. Median
final value: 215 3 103 cells ml21 [IQR: 180 3 103, 346 3 103] P50.023. (d) There was no net change in platelet count in those patients without ACS.

Anea et al. RESEARCH ARTICLE

176 American Journal of Hematology, Vol. 91, No. 2, February 2016 doi:10.1002/ajh.24224



In fact, eptifibatide may reduce platelet mediated inflammation at
steady state [32], as does prasaquel [30]. There may, however, be
some concern about administering an anti-platelet agent to a patient
with ACS and declining platelet counts. However, platelet inhibition
at steady state, or in the hemodynamically stable acute crisis, might
be an important therapeutic addition to prevent progression to ACS.

In addition to potentially reducing inflammation, by blocking platelet
mediated TSP-1 release and ADAMTS-13 inhibition [22,34] platelet
inhibition therapy may also benefit progression to or therapy for ACS.
Hemolysis, a known activator of platelets may therefore be a multi-hit on
ADAMTS-13 via indirect activation of platelets and release of TSP-1
and/or direct inhibition of the enzyme. Either way, multiple lines of evi-
dence are converging. In fact, the acute clinical event most closely associ-
ated with inhibition of ADAMTS-13 in SCD is a strong history of ACS
[34]. Thus, investigation into the platelet/hemolysis/vWF interaction in
ACS clearly merits further study. The key mediator of progression to or
severity of ACS may be the platelet. In instances of death unrelated to
ACS, our data suggest little role for platelet occlusion or vWF.

Consistent with a role for vWF in platelet thrombi during ACS, it is
notable that in the presence of platelet rich thrombi, we describe
increased vWF deposition and aggregated vWF in the lungs suggesting
a common etiology underlying platelet occlusion. However, this study
cannot establish the definitive link between ACS and vWf composition
in these patients, but can provide the basis for additional study. Further
prospective inquiry in ACS should prove beneficial in verifying or
refuting the role of ADAMTS-13, hemolysis, and vWF in ACS. Deter-
mining the activity of ADAMTS-13 during ACS, though out of reach
of this study, is an essential step in validating our results.

However, even though the cultures for all patients with platelet
thrombi were negative for bacteria, gram negative infection—such as
Streptococcus pneumonia—could potentiate platelet activation via the
TLR-4 receptor on the surface of the platelet [11]. Such infection
could promote the adhesion of platelets to any site at which an adhe-
sive substrate is exposed in the vasculature. In this mechanism we see
a confluence of vWF deposition, coupled with infection that could
create a significant and negative impact on lung function.

Our data also suggest a role for platelet count as a possible predictor
for those patients with ACS who have platelet thrombi in the lung. Initial
platelet count was higher in those patients with the thrombi than in those
without. Such clinical predictors are going to be essential in leveraging
this new potential mechanism of ACS into a viable therapeutic option. It
is notable that even though there was a precipitous drop in platelet count
prior to death, though counts remained in the acceptable range for two of
the patients. We observed no consistent change in platelet count in those
patients without platelet thrombi in the lung, however.

Another possible predictor of pulmonary platelet thrombi was relatively
young age which was also associated with higher platelet counts at steady
state. Although all patients were adults there was a decade difference in
median age between the groups. Thus the patient in late adolescence to
mid-20s might be predisposed to platelet thrombi and sequestration. We
suggest, however, that platelet count is likely not sufficient to identify
patients with this underlying etiology. It is likely that combination of fac-
tors, including age, platelet count, vWF modifiers, and the potentially
other as yet unknown contributing factors coalesce to create this profound
sequestration of platelets in the pulmonary arterial circulation. Neverthe-
less, these data are thus indicative of a novel pathological role of platelets
in ACS and open new avenues for study and treatment.

One patient with platelet thrombi was administered heparin prior
to death. There was also one patient with ACS who received heparin
therapy. Heparin-induced thrombocytopenia (HIT) is closely associ-
ated with thrombosis and pulmonary embolism [35]. There is also a
pronounced drop in platelet count. In this study, the platelet measure-
ments were within hours [35], not days of each other. Monitoring for
HIT typically begins 1–2 days after administration of heparin.

TABLE I. Endothelial Cell vWF (EvWF) Deposition is Increased in Amount
and Present in Aggregates in Patients with ACS and Platelet Pulmonary
Thrombi

Patient no. Age Genotype EvWF
EvWF

aggregates
Platelet
thrombi

1 31 SS 4 3 Yes
2 23 SS 3 4 Yes
3 26 SS 4 3 Yes
4 27 SS 2 0 No
5 45 SS 1 0 No
6 36 SS 0 0 No
7 31 SS 2 1 No
8 47 SS 2 0 No
9 18 Sb0Thal 1 0 No
10 27 Sb0Thal 1 0 No
11* 26 SS 1 0 No
14* 25 SC 1 0 No

Lung sections were stained for human vWF. Any increase in intensity over
background staining in the endothelial layer was considered as positive.
Intensity of staining was scored from 0 to 4, with 0 indicating essentially
no vWF staining on the endothelium and 4 indicating an intense, concen-
trated stain in those cells. Aggregated EvWF was detected by areas of
discrete, high-intensity staining on the lung endothelium. EvWF aggre-
gates were scored from 0 to 4 with 0 indicating no aggregates noted by
the observers, and 4 indicating multiple aggregates per vessel and multi-
ple vessel involvement. In the cohort with no acute chest diagnosis, mod-
est vWF staining was detected in the patients with pneumonitis due to
aspiration (11*), and there was modest detection in the SC patient with Var-
icella and splenic sequestration (14*). No endothelial vWF staining was
detected otherwise in this cohort without ACS. For representative staining
please see supplemental Figure 1.

TABLE II. Pulmonary Remodeling and Plexiform Lesions in ACS and SCD

Patient no. Age Genotype R_score
Plexiform
lesion

Acute chest
history

1 31 SS 2 2P 3
2 23 SS 4 4P/1T 4
3 26 SS 3 2T 2
4 27 SS 4 3P 4
5 45 SS 3 4P/2T 1
6 36 SS 2 2P 2
7 31 SS 3 3T 4
8 47 SS 4 3P/1T 1
9 18 Sb0Thal 4 3P 4
10 27 Sb0Thal 2 2T Unavailable
11 26 SS 4 3P/1T 3
12 28 SS 2 1P/1T 4
13 41 SS 2 2P 1
14 25 SC 3 3P/1T Unavailable
15 30 SS 2 2P 2
16 63 SS 1 1P 2
17 47 SS 1 1T 3
18 18 SS 4 4P/2T Unavailable
19 36 SS 3 3P/1T 3
20 20 SS 3 3P/2T 4

Pulmonary artery remodeling (R-Score) accounts for both intimal hyperpla-
sia and medial hypertrophy. A score of 4 indicates multiple arteries exhib-
iting both pathologies as shown in Fig. 4a. A score of 0 would indicate no
pulmonary artery remodeling noted. Plexiform lesions were classified in
two types: proliferative (P) and thrombotic (T). Proliferative lesions
included angiomatoid lesions as shown in Supporting Information Fig. 4c,
as well as lesion fed by a muscular artery, and subpleural plexiform
lesions as described in Ref. 1. Thrombotic lesions included the recanalized
thrombus in which thick bands of connective tissue with endothelial cells.
partially occlude the arterial lumen as described in Ref. 2 and the colan-
derlike lesion shown in Fig. 4b. Both types of lesions were present in
some cases and were scored separately. A score of 4 for either lesion
indicates widespread and severe lesions. Scores shown are the integer
value from two blinded observers. ACS History/Severity was a pooled
score of frequency of ACS in the past year and severity of ACS (IE: Ventila-
tor Support) and was abstracted from the patient’s medical chart. Repre-
sentative lesions are shown in Supporting Information Fig. 2.
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Without a negative screen for antibodies that induce HIT, we cannot
rule out that one of the cases of pulmonary platelet thrombi may have
been HIT, or HIT related. However, the association between increased
vWF deposition and vWF aggregate is suggestive of a common mech-
anism leading to pulmonary platelet thrombi.

Here, we also provide intriguing data that a history of frequent and
severe ACS may not provide basis for pulmonary artery remodeling, and
the subsequent development of pulmonary hypertension. Although
repeated ACS would be predicted to ultimately injure the lung, we
suggest that this ACS-mediated injury may manifest as fibrotic changes
in the structural components of the lungs from infarct [36], rather than
directly inducing pulmonary artery remodeling. We suspect the consist-
ent insult from turbulent blood flow [37], increased inflammation [38],
and oxidative stress [39] at steady state provides a richer environment for
the restrictive pulmonary artery remodeling. Likewise, both the throm-
botic and proliferative plexiform lesion likely have origins arising from a
steady state, rather than acute pathology. However, we do interpret these
data with caution as our case series is small, and the clinical data noting
history of ACS was only available for up to 2 years prior to death.

Another aspect of our data that might dispute our steady state
contribution to pulmonary artery remodeling was the clear relation-
ship between age and this restrictive lesion. We found that older
patients, paradoxically, had less remodeling and fewer plexiform

lesions. This finding is not consistent with the notion of continual
arterial exposure to damaging factors. In fact, a consistent exposure
would predict an increase in pulmonary artery remodeling with age.
However, the lack of pulmonary artery remodeling, regardless of eti-
ology, may serve as a profound protective mechanism of longevity, as
it would decrease right heart ventricular strain.

� Conclusions
We present here a novel potential mechanism of ACS in patients

with ACS—a massive sequestration of platelets in the pulmonary vas-
culature. These data suggest that anti-platelet therapy might have
application in ACS and open new avenues of thought and targeting
in this too often fatal consequence of SCD.
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