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Background: Subphrenic jujube foreign body can cause perforation, abscess, peritonitis and other 
complications. Computed tomography (CT) is considered to be a sensitive tool for small or faintly opaque 
foreign body (e.g., jujube pits, toothpicks, fish bones, acrylics and plastics) detection. The present study 
aimed to investigate the clinical and imaging features of subphrenic jujube pits and explore the potential of 
CT for detecting and monitoring subphrenic jujube pits. 
Methods: Patients with subphrenic jujube pits who were treated at our institution were retrospectively 
reviewed along with published studies. A total of 10 types of commercially available jujube pits were analyzed 
with CT, then another 40 jujube pits (≥2.5 cm) were randomly selected and soaked in a series of solutions 
to mimic the gastrointestinal tract processes, following which CT was performed at serial time points with 
conventional and dual-energy protocols.
Results: All jujube pits could be detected by CT, presenting spindle-shape high-density. The length of 
jujube pits based on clinical cases and that of the commercially available types were 1.38 to 3.50 cm and 
1.35 to 3.95 cm, respectively. After analysis, the mean attenuation values derived from the clinical cases 
[77.67 Hounsfield unit (HU), range: −89.92 to 153.13 HU, SD 64.70 HU] were higher than those of the  
10 commercially available types of jujube pits in boiled (73.57 HU, range: 2.29 to 94.96 HU,  
SD 20.48 HU) and raw state (−274.28 HU, range: −400.12 to −168.12 HU, SD 72.75 HU); statistically 
significant differences were found in mean attenuation values between raw jujube pits and boiled jujube pits 
(P<0.05). After soaking, the radiodensity of raw jujube pits showed an upward trend over immersion time, 
and water (-hydroxyapatite) overlay images enhanced the visualization of jujube pit water content as the 
percentage of blue area increased over time.
Conclusions: CT plays an important role in evaluating and tracing subphrenic jujube pits.
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Introduction

Dried jujube (Ziziphus jujuba Mill) fruits have been used 
in food, flavoring, and pharmaceuticals for thousands of 
years (1,2). Jujube available in the market differs in terms of 
production area and cultivar (3). The pulp and pit cannot be 
easily separated, which leads to involuntary and accidental 
deglutition of jujube pits (4). Most jujube pits are embedded 
in the esophagus and can be detected and removed by 
endoscopy (5); hence, subphrenic jujube pits are relatively 
rare. A few studies have reported subdiaphragmatic jujube 
pit foreign bodies, to our knowledge, totaling 45 patients 
with jujube pits located in the subphrenic digestive tract 
(stomach, n=20; small intestine, n=22; colon, n=1; rectum, 
n=2) were reported worldwide (5-10).

Jujube pit foreign bodies can cause adverse events, 
such as obstruction, perforation, abscesses, peritonitis, or 
systemic sepsis due to their two sharp heads (6,8,10,11). 
The European Society of Gastrointestinal Endoscopy and 
American Society for Gastrointestinal Endoscopy pointed 
out that foreign bodies greater than 2.5 cm in diameter 
were unlikely to pass through the pylorus (12,13). It is still 
unclear whether complications are related to the length or 
width of jujube pits.  

In most clinical scenario, clear information on foreign 
body ingestion is rarely available, even with adult patients. 
Patients with foreign bodies impacted in the subphrenic 
gastrointestinal tract generally present with nonspecific 
clinical manifestations mimicking various inflammatory 
conditions (14,15). Thus, endoscopy is not the initial 
examination in this clinical situation. However, plain 
radiographs often fail to recognize wooden foreign bodies 
(e.g., jujube pit and toothpick) (12). Computed tomography 
(CT) is considered to be a sensitive tool for foreign body 
detection, and the sensitivity of CT in detecting faintly 
opaque objects is higher than that of plain radiographs (16). 
Additionally, dual-energy CT is a promising tool for the 
evaluation of non-traumatic acute abdomen, with its ability 
to characterize materials (17). Two types of reconstruction 
images acquired by DECT have been widely used: virtual 
monoenergetic images are helpful to differential diagnosis 
of tumors (18,19), and material decomposition images 
can quantity bone mineral density, liver iron content, and 
liver fat content (20,21). Dual-energy CT may help to 
characterize and distinguish different types of subphrenic 
foreign bodies, such as illegal intra-corporeal packets 
of cocaine and non-ferromagnetic projectiles (22,23). 
Moreover, the guideline emphasized that CT scans were 

recommended for all patients with suspected perforation or 
other complications (12).

The jujube pit appeared as a shuttle with two sharp 
points or a ring depending on the orientation of the CT 
images, according to a recent study (8). However, the CT 
performance for the diagnosis of subphrenic jujube pits is 
uncertain. A comprehensive study is necessary to investigate 
the performance of CT in identifying jujube pits. 

Furthermore, it is still a challenge to guide the clinical 
management of subphrenic jujube pits due to a lack of 
deeper consensus regarding the management of sharp-
pointed foreign bodies (24).

Therefore, this study aimed to (I) illustrate the clinical 
and CT features of subphrenic jujube pit foreign bodies and 
(II) determine whether dual energy-CT can differentiate 
jujube pits at different sites over time in gastrointestinal-
process-mimicking phantom experiments. In general, the 
purpose of this research was to improve the understanding 
of sharp, faintly radiopaque, and subphrenic jujube pit 
foreign bodies and investigate the role of CT in diagnosing 
subphrenic jujube pit foreign bodies. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-53/rc). 

Methods

Patients and clinical data collection

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Institutional 
ethics board of Tongji Hospital approved this retrospective 
cross-sectional study (No. TJ-IRB20211142), and informed 
consent was waived because of the retrospective nature of 
the study. Patients who visited Tongji hospital, between 
January 2014 and July 2021 with CT reports suggesting 
a subphrenic foreign body were retrospectively reviewed. 
Inclusion criteria were patients with subphrenic jujube 
pits confirmed by surgery, endoscopy, or jujube pits found 
in stool during clinical follow-up. Exclusion criteria were 
patients with non-jujube pit foreign bodies by typical 
imaging features (e.g., fish bone, toothpick and metal 
foreign body) on CT images (25-28) or identified by 
medical records, insufficient data, and those transferred to 
another hospital. 

Literatures were searched from January 1950 through 
December 2021 in PubMed using the keywords “foreign 
bodies” and “jujube pit” and cases of subphrenic jujube 

https://qims.amegroups.com/article/view/10.21037/qims-22-53/rc
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pits were enrolled for comparison with clinical cases from 
our institution (5-10) (Table S1). Jujube pit cases from 
our institution and the previously published cases were 
separately defined as the present study group and the 
reference report group, respectively. 

Clinical data of all enrolled patients for analysis included 
age, sex, complaints (e.g., abdominal pain and vomiting), 
history of foreign body ingestion, laboratory variables, 
physical signs, and treatment modality.

CT examination and image analysis

CT technique
CTs were randomly used in clinic patients. CT scans were 
obtained using helical CT technology and our clinical 
abdominal imaging protocol. The detailed protocols and 
vendors of CTs for enrolled patients in present study were 
retrospectively reviewed in Table S2. 

Qualitative CT image analysis
Qualitative CT image analysis were conducted with the 
present study group due to the image available. In addition 
to the routine abdominal window setting, a review of 
images in multiple window settings is indispensable for 
extraluminal air and foreign bodies (29). Axial images with 
attached multiplanar reformation tools were available (14)  
for two radiologists (QW and YS, 8 and 11 years of 
experience in Abdominal imaging, respectively). They had 
extensive experience in diagnosis of gastrointestinal foreign 
bodies, and aware patients were all with foreign body but 
were blinded to the clinical details; the following main 
analytical contents were independently assessed: (I) identify 
the presence of jujube pit, including location, number, and 
shape; (II) evaluate foreign body-related gastrointestinal 
injury and complications based on digestive tract wall 
thickening, intestinal dilation, extraluminal air, ascites, 
and fat stranding. If there is a discrepancy between the 
two radiologists, they would have a discussion and reach a 
consensus. 

Quantitative CT image analysis
In addition to the visual evaluation, quantitative CT image 
analysis were conducted by two radiologists (QW and YS) 
after they had been trained for jujube pit measurements 
using ImageJ (RRID:SCR_003070), including the following 
parameters: (I) size: length and width of the jujube pits were 
measured. (II) Region of interest (ROI) measurements: the 
largest jujube pit section was defined as a ROI in the image; 

ROI measurements including mean-HU [the mean value of 
the ROI attenuation coefficient in Hounsfield units (HUs)] 
and max-HU (the maximum ROI attenuation coefficient 
in HUs) were performed on multiplanar reconstructed 
images revealing the largest section of the jujube pits  
(Figure S1). To ensure reliability and reproducibility, 
the two radiologists performed all the quantitative 
measurements separately on a PACS workstation. The 
measurement data were used to assess the intra-reader 
reliability using the intraclass correlation coefficient (ICC) 
and further averaged as the final results of the quantitative 
parameters.

Ex vivo study

Given the variability among species, jujube pits were 
obtained from ten commercially available types of jujube 
fruits among China. To mimic different clinical scenarios, 
raw and boiled status [ingested as food flavoring in the 
form of soup and congee (8)] of jujube pits were explored. 
And jujube pits were further soaked into different liquid 
conditions to mimic the various GI tract environment. 

CT study of commercially available jujube pits in air 
Ten kinds of dried jujube fruits were collected and 
numbered as S1–S10 (Table S3). Each type contained five 
dried jujube fruits. All jujube pits (n=50) were fixed on a 
plastic plate and performed with CT scans in air, first in 
raw state, followed by boiled. The CT scanning parameters 
were the same as those used in our clinical abdominal 
imaging protocol. Axial slices of 1.25-mm thickness were 
acquired. Size and radiodensity were measured by the 
two radiologists (QW and YS) using the same methods 
(mentioned in Quantitative CT image analysis, Figure S1). 
The measurement differences between the raw and boiled 
jujube pits were compared.

Ex vivo simulation experiment of jujube pits immersed 
in digestive tract fluid 
After analyzing the initial data (Figure S2 and Table S3), 
only jujube pits longer than 2.5 cm were chosen for further 
mimic phantom study, including 20 raw and 20 boiled 
jujube pits together. They were then equally divided into 
five groups and soaked in five different solutions: double 
distilled water, saline, commercially available simulated 
gastric fluid, commercially available simulated intestinal 
fluid, and mixed solution (30). Double distilled water 
was used as a control, while the other four solutions 

https://cdn.amegroups.cn/static/public/QIMS-22-53-supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-53-supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-53-supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-53-supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-53-supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-53-supplementary.pdf
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Figure 1 Chart of the ex vivo simulation model of the digestive tract fluid marinating jujube pits. Raw and boiled jujube pits were randomly 
divided into five separate groups. Jujube pit was traced and scanned at 0 hour (h), 6 h, 12 h, 1 day (d), 1.5 d, 2 d, 3 d, 7 d of immersion. The 
figure is created via Photoshop application (RRID: SCR_014199). CT, computed tomography.

simulated the liquid conditions of the gastrointestinal tract 
and extracellular fluid. A mixed solution mimicking the 
human biological processes during food digestion was also 
used, in a way that jujube pits were soaked in simulated 
gastric fluid for the first 4 h followed by immersion in 
simulated intestinal fluid. CT scans (Revolution CT, GE 
healthcare, Milwaukee, WI, USA.) were performed on all 
the samples before and after immersion at 6 h, 12 h, 18 h, 
1 d, 1.5 d, 2 d, 3 d, and 7 d, including conventional helical 
series at 120 kVp and dual-energy CT series (gemstone 
spectral imaging CT scan) (Figure 1), and 0.625-mm-thick 
contiguous slices were acquired from both series and stored 
as DICOM images for further processing. For the dual-
energy CT series, monochromatic 40 keV images, water 
(-hydroxyapatite) images, and water (-iodine) images were 
reconstructed on the gemstone spectral imaging viewer. 
The images were evaluated by the two radiologists (QW 
and YS), including measurements of density and water 
content as well as visual assessments of density and water 

content (Figure S1). Mean-HU changing trends of JPs in 
monochromatic 40 keV images over immersion time were 
analyzed.

Statistical analyses

Categorical data are presented as percentages, and 
continuous data are presented as mean ± standard deviation 
(SD) or upper and lower limits. Clinical characteristics and 
details of jujube pits from present study group and reference 
report group were compared using the Pearson chi-square 
test, Fisher exact test, or Mann-Whitney test as appropriate; 
data not available were not included in the comparison. 
Differences in CT measurements between jujube pits 
from commercially available types and clinical cases in our 
institution were assessed using one-way analysis of variance; 
post-hoc multiple comparisons were performed using the 
Tukey-Kramer honestly significant difference test. T-tests 
were applied to compare the blue area ratio between raw 

https://cdn.amegroups.cn/static/public/QIMS-22-53-supplementary.pdf
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From January 2014 to July 2021, patients with 
suspected subphrenic foreign bodies by CT reports 

in Radiology Information System (n=424)

18 articles retrieved through 
searching databases

17 articles reviewed and selected

6 articles with 45 patients with 
subphrenic jujube pits included for 

analysis

5 articles with 23 patients with 
relatively complete information 
have  included for comparison 

analysis (Tables 1,2)

1 article with 22 patients only 
have basic location information 
just  included for comparison 

of  jujube pit locations (Table 2)

Patients with jujube pits (n=28) 

Patients with jujube pits (n=22)

Confirmed by 
surgery (n=7)

Confirmed by 
endoscopy (n=6)

Confirmed by jujube 
pits found in stool (n=9)

Excluded patients with non-jujube pit foreign 
bodies (e.g., fish bones, toothpicks, and metal 
foreign bodies) with typical imaging features (n=223)

1 article excluded due to 
irrelevance to the topic

11 articles with 1,579 patients 
excluded due to esophageal 
jujube pit foreign bodies

Excluded patients with non-jujube pit foreign 
bodies by the associated medical records (n=32)

Excluded patients lacking medical records to 
identify foreign bodies (n=141)

Excluded patients transferred to another hospital or 
with insufficient data (n=6)

A B

Figure 2 Flow chart of the study population. (A) Chart shows inclusion and exclusion criteria of patients in the present study group. (B) 
Chart shows the searching strategy and inclusion criteria of patients in the reference reported group for comparative analysis.

and boiled jujube pits. Intra-reader agreement was assessed 
using ICC. All statistical analyses were performed using 
SPSS (RRID:SCR_002865, version 23.0).

Results

Clinical cases 

A total of 22 patients (9 men and 13 women, mean age 
49.55±25.91 years, range, 1–85 years) were included in 
the present study group (Figure 2A) and 45 patients were 
enrolled in the reference reported group (Figure 2B) (5-10). 
Among the 45 patients, 23 patients (6-10) included in the 
comparison of clinical characteristics and details of jujube 
pits. Due to a lack of critical data, analyses of other 22 
patients were only conducted on location of jujube pits (5).

Clinical characteristics
The clinical characteristics of the patients and the results of 
the statistical comparisons between the present study and 
the reference reports are summarized in Table 1. 

No significant differences were observed in age, sex, 
dietary history, and inpatient treatment between the two 

groups. The age distribution tended to be middle-aged in 
both groups. The sex ratio was almost balanced. More than 
half of cases were not able to provide an history of foreign 
body ingestion. 

Patients with positive symptoms, positive physical signs 
(fever, abdominal tenderness, and rebound tenderness) 
and perforation were significantly more frequent in the 
reference group (positive symptoms, 81.82% vs. 100%, 
P=0.049; positive physical signs, 63.64% vs. 100%, P=0.001; 
perforation, 50% vs. 100%, P<0.001). Abdominal pain, 
nausea, and vomiting were common clinical signs. However, 
the symptom of two patients with rectal perforation in 
reference reported group were untypical.

All  cases in the reference reported group were 
inpatients. Among them, 21 (91.30%) patients showed 
signs of inflammation with elevated white blood cell count, 
procalcitonin, and C-reactive protein. In the present study 
group, the laboratory findings of many outpatients were not 
traceable. The patients in the present study group received 
both outpatient and inpatient treatment, including surgery 
(Figure 3), endoscopy (Figure 4), conservative treatment, 
or non-intervention with follow-up (Figure 5). For the 
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Table 1 Comparison of enrolled patients’ clinical characteristics with reference reports

Parameters Present study Reference reported† All P value‡

Numbers of patients 22 23 45

Age (years), n (%) 0.207

<6 4 (18.18) 2 (8.70) 6 (13.33)

6–18 – – –

19–50 2 (9.09) 3 (13.04) 5 (11.11)

>50 16 (72.73) 18 (78.26) 34 (75.56)

Gender, n (%) 0.295

Male 9 (40.91) 13 (56.52) 22 (48.89)

Female 13 (59.09) 10 (43.48) 23 (51.11)

Dietary history, n (%) 0.862

Have relevant information§ 9 (40.91) 10 (43.48) 19 (42.22)

Naught 13 (59.09) 13 (56.52) 26 (57.78)

Symptom, n (%) 0.049*

Abnormal¶ 18 (81.82) 23 (100.00) 41 (91.11)

Asymptomatic 4 (18.18) – 4 (8.89)

Physical sign, n (%) 0.001*

Abnormal¶ 14 (63.64) 23 (100.00) 37 (82.22)

Normal 8 (36.36) – 8 (17.78)

Laboratory findings††, n (%) /

Abnormal¶ 7 (31.82) 21 (91.30) 28 (62.22)

Normal 6 (27.27) 2 (8.70) 8 (17.78)

Not available 9 (40.91) – 9 (20.00)

Complication, n (%) <0.001*

Perforation 11 (50.00) 23 (100.00) 34 (75.56)

Non-perforation 11 (50.00) – 11 (24.44)

Inpatient treatments, n (%) 0.125

Endoscopic removal – 1 (4.35) 1 (2.22)

Surgical removal 7 (31.82) 19 (82.61) 26 (57.78)

Conservative treatments‡‡ 3 (13.64) 3 (13.04) 6 (13.33)

Nontherapeutic and follow-up 2 (9.09) – 2 (4.44)

Outpatient treatments††, n (%) /

Endoscopic removal 5 (22.73) – 5 (11.11)

Conservative treatments and follow-up 3 (13.64) – 3 (6.67)

Nontherapeutic and follow-up 2 (9.09) – 2 (4.44)
†, A total of 5 articles with 23 patients enrolled in reference reported group, including Ma et al., 2021 (6), Liu et al., 2020 (7), Li et al., 2019 
(8), Li et al., 2017 (9), Lavers et al., 1964 (10). ‡, P value of comparation between present study group and reference reported group. 
§, have relevant information: awareness of jujube pit ingestion or recall of jujube ingestion. ¶, abnormal symptoms: common signs of 
gastrointestinal foreign bodies like abdominal pain, nausea and vomiting. Abnormal physical signs: common signs of gastrointestinal 
foreign bodies like fever, abdominal tenderness and tenderness and rebound tenderness. Abnormal laboratory findings: elevated 
inflammation indicators: white blood cell counts, procalcitonin, and C-reactive protein. ††, some patients were not mentioned, for some 
parameters such as: laboratory findings and outpatient treatments. These data were not compared. ‡‡, one patient underwent conservative 
treatment after failure of endoscopic removal. “–”, defined as the number of the relative cell is 0. “/”, defined as comparation of the relative 
parament was not done. *, a P value of <0.05 indicates a significant difference.
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Figure 3 Illustration of small bowel perforation caused by a jujube pit. A 70-year-old woman visited the clinic and presented with 
unprovoked mild pain in the right lower quadrant, nausea, and vomiting for a month. She had been treated for appendicitis at a local 
hospital without remission. She had small bowel resection because of gastrointestinal stromal tumor (ileum, high-risk) 18 months ago. 
Axial CT images revealed a high-density jujube pit in the mass near the ileocecal region (A, yellow arrow), which was visualized as a typical 
shuttle shape on MPR images (B,C, yellow arrow). MPR images also revealed that the long axis of the foreign body was perpendicular to the 
anastomosis (B,C, red arrow). Elliptical shape of the anastomosis (D, red arrow) is better visualized on coronal image. Enteroscopy revealed 
a bulging lesion (E,F, blue arrow) in the terminal ileum that could not pass through the stenosis. Biopsy confirmed that the mass was an 
abscess (G: H&E, ×40); (H: H&E, ×100). The patient eventually underwent surgery. Intraoperative exploration revealed a hard jujube pit 
(I,J) inside of a mass in the ileocecal region and a perforation (I, blue circle) of the serous membrane. Schematic of the occurrence of foreign 
body perforation caused by postoperative adhesions (K). Panel (K) is created via Cinema 4D-remodelling software (MAXON Computer 
GmbH) and Photoshop software (RRID: SCR_014199). MPR, multiplanar reconstructions; CT, computed tomography; H&E, hematoxylin 
and eosin.

inpatients in both groups, surgical removal is the most 
common treatment.

In the present study group, 19 (86.36%) patients had 
acute onset, and the other 3 (13.64%) patients presented 
with subacute or chronic disease. A total of 4 (8.89%) 
patients in the two groups have prolonged disease course 
(1.5–48 months) as jujube pits had not been detected and 

removed timely.

Roles of CT in detecting and tracing subphrenic jujube 
pits
In both groups, all jujube pits could be detected by CT. 
Except details of CT detection in 24 patients were not 
available (Table 2), the detection rate on the initial imaging 
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Figure 4 A jujube pit impacted in the gastric antrum. A 53-year-old woman presented with complaints of abdominal pain for seven hours 
without a history of jujube pit ingestion. CT suspected a jujube pit foreign body impacted in the gastric antrum with two sharp endpoints. 
Endoscopic findings were consistent with the CT findings, and the foreign body was removed. (A) Axial images demonstrate a dot high-
density shadow (yellow arrow) in the gastric antrum, which can be easily missed. (B) MPR images clearly showed a jujube pit (yellow arrow) 
with both tips stuck under the mucosa. (C) Endoscopic visualization of a jujube pit in the gastric antrum. (D) Extraction of the jujube 
pit with foreign body forceps. (E) Small ulcerated foci are seen after jujube pit was removed. (F) Extracted jujube pit. MPR, multiplanar 
reconstructions; CT, computed tomography.

reports were different in two groups (present study n=24, 
96%; reference report group n=14, 66.67%). Jujube pits 
could be found anywhere along the gastrointestinal tract, 
small intestine is the most common site (n=35, 50.00%). 
There were no statistically significant differences between 
the location distributions of the two groups. Size details of 
most patients were lack in reference report group. In present 
group, larger jujube pits (≥2.5 cm) were either lodged in 
or perforated the gastrointestinal tract without exception 
on CT images. Patients who did not undergo surgery or 
endoscopy to remove the jujube pits needed CT scans to 
monitor them until they were passed with stool (Figure 5).

CT features of jujube pits
In total, all 25 jujube pits were detected by CT in 22 

patients in the present study group when reviewing. 
The CT characteristic of jujube pit is high-density 
shaped like a shuttle with two sharp ends. The density 
is heterogeneous, with a higher density margin, and the 
density decreases inward. Low-density hollow areas of 
different sizes were detected in 13 Jujube pits. Mean-HU 
ranged from −89.92 to 153.13 HU and max-HU ranged 
from 156 to 315 HU (Figure 6A). Intra-reader agreement 
was excellent for ROI measurements of mean-HU 
and max-HU (ICC =0.987, P<0.001; and ICC =0.980, 
P<0.001, respectively). The length and width of the jujube 
pits ranged from 1.38 to 3.50 cm and 0.47 to 0.71 cm,  
respectively (Figure 6B). Intra-reader agreement was 
excellent for length and width (ICC =0.991, P<0.001; and 
ICC =0.876, P<0.001, respectively). 
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Figure 5 CT monitoring intestinal perforation caused by a jujube pit. A 51-year-old woman presented with complaints of abdominal pain 
for one week without a history of jujube pit ingestion. Abdominal examination revealed abdominal tenderness and rebound tenderness. CT 
revealed a jujube pit foreign body penetrating the intestinal wall, causing intestinal perforation. The patient was given conservative treatment 
because of contraindications, such as cardiac insufficiency and diabetes. The jujube pit passed with the stool at last. CT follow-up images 
on the 8th (A, D), 9th (B, E), 16th (C, F) day dynamically show the whole process of jujube pit (yellow arrows) leaving the perforation site 
and moving downstream spontaneously. (A-C) Jujube pit appears as a small, high-density ring on transverse images; (D-F) MPR images 
revealed jujube pit as a typical shuttle shape and clearly showed the relationship between jujube pit and the intestinal wall. MPR, multiplanar 
reconstructions; CT, computed tomography.

CT findings of perforation caused by jujube pits
The CT findings of the 11 patients with perforations are 
summarized in Table S4. Jujube pits piercing the intestinal 
wall with one sharp end or two sharp ends or jujube pits that 
migrated to the peritoneal space on CT directly indicated 
the occurrence of perforation. Indirect CT findings of 
intestinal perforation included thickening of the intestinal 

wall with abnormal enhancement, mesenteric fat stranding, 
localized peri-enteric gas or abscess collections, and 
associated intestinal obstruction. In terms of perforation 
sites, all 11 cases occurred in the small intestine. Except for 
one jujube pit perforating the duodenum, there was a subtle 
tendency of the perforation location to concentrate toward 
the terminal ileum. 

https://cdn.amegroups.cn/static/public/QIMS-22-53-supplementary.pdf
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Table 2 Detailed CT, endoscopic and surgical information of jujube pits from clinical cases

Parameters Present study† Reference reported‡ All P value§

Counts of jujube pits/patients 25/22 45/45 70/67

Size (long diameter)¶, n (%) –

<25 mm 7 (28.00) − 7 (10.00)

≥25 mm 18 (72.00) 4 (8.89) 22 (31.43)

Not available – 41 (91.11) 41 (58.57)

Location of jujube pits, n (%) 0.762

Stomach 9 (36.00) 20 (44.44) 29 (41.43)

Small intestine 13 (52.00) 22 (48.89) 35 (50.00)

Colon 2 (8.00) 1 (2.22) 3 (4.29)

Rectum – 1 (2.22) 1 (1.43)

Outside the gastrointestinal tract 1 (4.00) 1 (2.22) 2 (2.86)

Detection of jujube pits by CT††, n (%) 0.016*

Initial CT reports 24 (96.00) 14 (31.11) 38 (54.29)

Increased after retrospective review 1 (4.00) 7 (15.56) 8 (11.43)

Not available – 24 (53.33) 24 (34.29)
†, there were 25 jujube pits included in present study group. ‡, a total of 45 jujube pits were included in reference reported group, including, 
Song et al., 2021 (5), Ma et al., 2021 (6), Liu et al., 2020 (7), Li et al., 2019 (8), Li et al., 2017 (9), Lavers et al., 1964 (10). ††, due to 24 
patients lack related information, there were 3 articles with 21 jujube pits were compared, including Ma et al., 2021 (6), Liu et al., 2020 (7), 
Li et al., 2019 (8). Therefore, the detection rate on the initial imaging reports in reference reported was 66.67%. §, P value of comparation 
between present study group and reference reported group. ¶, size were not compared since size of some patients were not reported. 
“–”, defined as the number of the relative cell is 0. “/”, defined as comparation of the relative parament was not done. *, a P value of <0.05 
indicates a significant difference. CT, computed tomography.
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Figure 6 Comparison between CT measurements of clinically confirmed cases with the phantom results. (A) CT attenuation comparison 
of jujube pits from clinical cases and commercially available types in raw and boiled states. (B) size comparison of jujube pits from clinically 
confirmed cases and 10 commercially available types. (C) All commercially available jujube pits (10 types and five for each type) were placed 
on a plastic plate and further scanned with CT (in both raw and boiled state). *, a P value <0.05, indicates a significant difference. NS, not 
statistically significant; ROI, region of interest; CT, computed tomography.
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Figure 7 Mean-HUs of jujube pits with raw and boiled states immersed in different solutions against time. MIX: during the earliest  
4 h, jujube pits were soaked in SGF and following that, the jujube pits were soaked in SIF mimicking human biological processes in food 
digestion. DDW, double distilled water; NS, normal saline; SGF, simulated gastric fluid; SIF, simulated intestinal fluid.

Ex vivo study

CT features of commercially available jujube pits
A total of 50 jujube pits were subjected to CT scans in 
air with raw and boiled states (Figure 6C). All jujube pits 
typically appeared as spindle-shaped along the long diameter 
and ring-shaped along the short diameter, with length 
and width of the jujube pits ranging from 1.35 to 3.95 cm  
and 0.4 to 1 cm, respectively (Figure 6B). Intra-reader 
agreement was excellent for length and width (ICC =0.988, 
P<0.001; and ICC =0.975, P<0.001, respectively). The size 
of the jujube pits did not change from raw to boiled.  

The edge density was high, and the interior density was 
relatively low. However, the interior of the boiled jujube 
pits seemed denser as the hypodense hollow area inside 
was smaller or even invisible compared to the interior of 
the raw jujube pits. Max-HU of the raw and boiled jujube 
pits ranged from 39 to 329 HU and 132 to 273 HU, 
respectively. Intra-reader agreement was excellent for max-
HU of both raw and boiled jujube pit ROIs (ICC =0.948, 
P<0.001; and ICC =0.958, P<0.001, respectively). The 
mean-HU values of the raw and boiled jujube pit ROIs 
were −274.28 (range: −400.12 to −168.12, SD 72.75) and 
73.57 (range: 2.29 to 94.96, SD 20.48) (Figure 6A). Intra-
reader agreement was excellent for mean-HU of both raw 
and boiled jujube pit ROIs (ICC =0.944, P<0.001; and 
ICC =0.980, P<0.001, respectively). There was a statistical 
difference between the mean-HU values of raw and boiled 
jujube pits. 

Changes in jujube pits over immersion time
Neither raw nor boiled jujube pits changed in size over 
time. The density of raw and boiled Jujube pits varied by 
different degrees over time.

In the quantitative analysis of density and water content, 
the changing trends of mean-HU between the raw and 
boiled jujube pits were different. The change in the values 
of CT attenuation of the raw jujube pits over immersion 
time showed an upward trend, while the mean-HU of 
boiled jujube pits decreased slightly and then slightly 
increased (Figure 7). There was no statistical difference 
between the measurements of water content corresponding 
to the water-iodine and water-hydroxyapatite basis pairs. 
As for the structure of the jujube pits, water content ranged 
from high to low: high-density area of shell, slightly lower 
density area interior, and low-density hollow area. The 
percentage of blue area on water (-hydroxyapatite) images 
was statistically significant between raw and boiled jujube 
pits (50.16%±1.83% vs. 89.78%±0.67%, P<0.05) (Figure 8).

Regarding the visual assessment of density and water 
content, the interior density of the raw jujube pits changed 
over time. Based on water-hydroxyapatite material 
decomposition, the corresponding water overlay images 
enhanced the visualization of the jujube pit water content 
(Figure 8). The blue area of water (-hydroxyapatite) images 
showed better concordance with the relatively high-density 
area of conventional 120 kVp images and monochromatic  
40 keV images compared to water (-iodine) images (Figure 8).
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Figure 8 Changes of Jujube pits on CT images over immersion time. (A) Different sequence of three raw jujube pits (top row) and three 
boiled jujube pits (bottom row) in the same CT study after jujube pits immersion for 6 h. Note that the interior density varies greatly 
between the raw and boiled jujube pits. The blue area of water (hydroxyapatite) images shows better concordance with the high-density area 
of conventional 120 kVp images and monochromatic 40 keV images than water (iodine) images. (B) Water overlay images after raw jujube 
pits soaked for 6 h, 1 d, 7 d. The blue area expanded inward over time, while the inner hollow area shrunk. (C) Analysis of blue area percent 
on water (hydroxyapatite) images between raw and boiled Jujube pits. *, a P value <0.05, indicates a significant difference. CT, computed 
tomography.

Discussion 

Jujube pits consists mainly of a hardened lignocellulosic 
composition and have a clear natural structure (31). The 
values of CT attenuation of porous materials including 
intraocular wooden foreign bodies and drywall change, 
depending on the degree of air or water content (32,33). 
We evaluated and analyzed the density and water content 
of jujube pits using dual energy-CT. Mean-HU and water 
content of jujube pits in raw and boiled status changed over 
time. While Mean-HU and water content of raw jujube 
pits was marked lower than boiled jujube pits. Namely, 
the difference in water content and density is related to 
the inner hollow zone. According to the above results, we 
speculated that its boiled or raw state and the duration of 
the jujube pit in vivo were associated with variations of the 
interior hypointense hollow area in the jujube pit on CT, 
while the location of the jujube pit was not. 

In this study, water overlay images were used to reveal 
the changes in the water content of jujube pits. Water 
(-hydroxyapatite) images are used in bone diseases, as 
hydroxyapatite is one of the main components of bone (34). 
An interesting finding was that watercolor overlay images 
based on water-hydroxyapatite material decomposition 

appeared to be more appropriate for revealing changes in 
water content. However, more in-depth research is needed 
to understand whether dual energy-CT is helpful in the 
clinical evaluation of wooden foreign bodies. 

The size of jujube pits in ex-vivo experiment and clinical 
cases was measured. We found that the length of the 
jujube pits was related to the type. Among the 10 jujube 
pits, the mean lengths of the four types of jujube pits were 
longer than or equal to 2.5 cm (Figure 6B). The size of the 
jujube pits measured by CT can be a forecasting factor for 
impaction and perforation. A previous study suggested that 
cases of sharp foreign bodies longer than 6 cm impacted 
in the gastrointestinal tract were more likely to undergo 
exploratory laparotomy than other intervention (24). 
Many experts pointed out that foreign bodies wider than 
2.5 cm are unlikely to pass through the pylorus (12,13). 
In this study, the passage of the jujube pit was affected by 
the length and not the width. For subphrenic jujube pits 
(≥2.5 cm), impaction or perforation may occur. This was 
consistent with a previous study, which found that jujube 
pit longer than 2.5 cm was an independent risk factor for 
complications caused by esophageal jujube pit impaction (4).

Based on our cases, jujube pits may be displaced over 
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time after gastrointestinal perforation. The interval between 
preoperative CT and surgery should be as short as possible 
because the jujube pit may move out of its original site as 
seen on CT images. In the present study group, six of the 
patients underwent surgery within two days. Among them, 
the jujube pit in one patient was found to have left the 
original site during surgery on the second day following 
the CT that detected it, while this did not happen to others 
who underwent surgery within one day of diagnosis. This 
result is consistent with present study. Li et al. reported 
that four (26.67%) jujube pits were not located in the 
perforation sites during surgery (8). However, Li et al. did 
not provide information about the location of the jujube pits 
on preoperative CT and the time interval between surgery 
and CT. 

The sensitivity of CT in detecting subphrenic jujube 
pits was 100% on retrospective reviews of CT images. 
However, a lower diagnostic sensitivity (66.7% in reference 
group and 96% in our group) is owing to radiologists’ 
insufficient cognition of foreign bodies (35). According 
to our experience, when the long axis of the jujube pit is 
perpendicular to the axial plane, it appears as a small ring 
hence jujube pits can be easily missed or mistaken for 
intestinal gas content for physicians or junior radiologists. 
Senior radiologist can be alarmed by incidental signs of fat 
stranding and thickening of gastrointestinal wall. With the 
help of multiplanar reformation, shape of jujube pit and the 
relationship between sharp points and the digestive tract 
wall are better visualized (Figures 3-5), eventually the jujube 
pit was detected and more information can be provided 
for clinical management (16). Max-HU of jujube pit ROI 
in this study was lower than or equal to 329 HU, which 
can act as a threshold value to help differentiate jujube pits 
from other high-attenuation materials such as metal foreign 
bodies.

The initial diagnostic evaluation and possible treatment 
of ingested foreign bodies are based on the information 
of the ingested foreign body, subjective complaints, and 
clinical findings (12,36). According to our results, more 
than half of the participants were unable to provide 
relevant information of jujube pit consumption. As clinical 
presentations were nonspecific and lacked history of 
foreign body ingestion, together with reference reports, 
there were four (8.89%) patients who had a long course 
(1.5–48 months). These patients were initially treated as 
cases of gastroenteritis, appendicitis, tumor recurrence 
and perianal abscesses. Because the inflammation was 
secondary to jujube pit foreign bodies, the inflammation 

would not be completely resolved until the jujube 
pits were removed. If CT is used initially to assess the 
condition, radiologists would be the first to make an 
accurate diagnosis even in the absence of clinical suspicion. 
Thus, additional knowledge of subphrenic jujube pits and 
radiologist’s familiarity with imaging features of jujube 
pit foreign objects is essential for prompt diagnosis and 
appropriate treatment. 

There were some limitations in our study. First, the 
accuracy of ROI measurement can be affected by the 
partial volume effect and ROI, which may erroneously 
include voxels beyond the edge of the jujube pit. However, 
the intra-reader agreement was excellent for the ROI 
measurements. Second, the number of cases in this study 
was slightly low because most jujube pits are impacted in 
the esophagus and removed by endoscopy. But, to reflect 
a more comprehensive clinical situation, we conducted 
a comparative analysis of cases from our institution and 
references. And present study group included inpatients 
and outpatients. Third, the duration after the jujube pits 
impacted was not certain in most patients due to a lack of 
accurate diet history. This still needs a lot of clinical data 
and experimental support. 

In conclusion, although the radiodensity of jujube 
pits varies greatly, CT has high sensitivity in detecting 
subphrenic jujube pits, as typical fusiform shaped high-
density shell of jujube pits can be clearly displayed on CT 
images both in vivo and ex vivo. CT also plays an important 
role in monitoring subphrenic jujube pits. 
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Table S1 Published reports of patients with subphrenic jujube pits (5-10)

Parameters Subtype Lavers, 1964 Li, 2017 Li, 2019 Liu, 2020 Ma, 2021 Song, 2021 All

Numbers of patients 1 1 18 2 1 22 45

Clinical manifestations

Age (year) <6 0 0 0 2 0 NA 2

6-18 0 0 0 0 0 NA 0

19-50 0 0 3 0 0 NA 3

>50 1 1 15 0 1 NA 18

Sex Male 0 0 11 1 1 NA 13

Female 1 1 7 1 0 NA 10

Dietary 
history

Awareness of jujube pit ingestion at first 0 NA 9 0 0 NA 9

Recall of jujube ingestion after jujube pit 
removed

1 NA NA NA NA NA 1

Symptoms Abdominal pain 1 1 18 0 1 NA 21

Nausea/vomiting 0 1 14 0 1 NA 16

Asymptomatic 0 0 0 0 0 NA 0

Duration of 
symptoms 
(day)

≤1 1 NA NA 0 0 NA 1

2–3 0 NA NA 0 0 NA 0

4–7 0 NA NA 0 0 NA 0

>7 0 NA NA 2 1 NA 3

Physical 
signs

Fever 0 0 11 1 0 NA 12

Abdominal tenderness 0 0 4 0 1 NA 5

Tenderness and rebound Tenderness 1 1 14 0 0 NA 16

Laboratory 
findings 

Elevated inflammation indicators† 1 1 18 0 1 NA 21

Normal 0 0 0 2 0 NA 2

Jujube pits identified by CT, surgery or endoscopy and complications

Location of 
jujube pits at 
first 

Stomach 0 0 0 0 0 20 20

Small intestine 1 1 18 0 0 2 22

Colon 0 0 0 0 1 0 1

Rectum 0 0 0 1 0 0 1

Outside the GI tract 0 0 0 1‡ 0 0 1

Size (Long 
diameter) 

<25 mm 0 NA NA 0 0 NA 0

≥25 mm 1 NA NA 2 1 NA 4

Perforation 1 1 18 2 1 NA 23

Treatments

Treatments Endoscopic removal 0 0 0 0 1 22 23

Surgical removal 1 1 15 2 0 0 19

Conservative treatments 0 0 3 0 0 0 3
†, Elevated inflammation indicators: white blood cell counts, the percentages of neutrophil granulocyte, and C-reactive protein. ‡, The 
jujube pit was migrated from rectum. NA, not available; CT, computed tomography; GI, gastrointestinal. 

Supplementary
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Table S2 Detailed CT imaging parameters utilized for 22 enrolled patients 

Parameter 1 2 3 4 5 

Tube voltage (kV) 100-120 100-120 100-120 120 100 

Tube current (mA) Automatic Automatic Automatic Automatic Automatic 

Matrix 512×512 512×512 512×512 512×512 512×512 

Detector pitch 0.984:1 0.813 0.813 1.375:1 0.984:1

Reconstruction thickness (mm) 1.25 1.0 1.0 1.25 1.25 

Slice interval (mm) 1.25 0.8 0.8 1.25 1.25

The corresponding serial number representing different CT scanners was displayed as follows: 1= Discovery CT750 HD, GE healthcare, 
Milwaukee, WI, USA; 2= AquilionOne TSX-301A; TOSHIBA, Japan; 3= Aquilion PRIME; TOSHIBA, Japan; 4= BrightSpeed; GE Healthcare, 
USA; 5= Optima CT660, GE Healthcare, USA. CT, computed tomography.

Table S3 Basic characteristics of 10 kinds of jujube pits 

Sample 
ID

Trade name Producing areas Cultivar
weight of dried jujube 

fruits (g)
Long diameter of jujube 

pits (cm)
Short diameter of jujube 

pits (cm)

S1 Lelingzao Leling Ziziphus jujuba 3.07±0.43 1.58±0.12 0.67±0.06

S2 Jishanbanzao Jishan Jishan jujube 5.12 ±0.28 1.87±0.23 0.57±0.08

S3 Jinsixiaozao Cangzhou Ziziphus jujuba 3.46±0.35 1.99±0.13 0.72± 0.04

S4 Huizao Ruoqiang Huizao 4.99±0.86 2.08±0.13 0.58±0.08

S5 Jiaxiandazao Jiaxian Jujube dates 9.07 ±1.83 2.28±0.15 0.73±0.08

S6 Huanghetanzao Liulin Tanzao 7.08±1.62 2.50±0.20 0.89±0.11

S7 Hupingzao Taigu Huping dates 11.18±2.15 2.84±0.22 0.73±0.08

S8 Goutouzao Yanchuan Jujube dates 11.34±2.22 3.12±0.13 0.65±0.05

S9 Shandongdazao Taian Jujube dates 12.08±2.25 3.56±0.11 0.69±0.11

S10 Hetiandazao Hetian Jujube dates 7.69 ± 1.42 3.62±0.22 0.80±0.079

The data of weight, long diameter and short diameter are presented as mean ± standard deviation.

Table S4 CT features of 11 patients with intestinal perforation caused by jujube pits

CT features No. (%)

Indirect signs of perforation

Pit piercing the intestine and lodged in the intestinal wall  10 (90.9%)

Migration to parenteral 1 (9.1%)

Direct signs of perforation

Bowel wall thickening 11 (100%)

Fat stranding 10 (90.9%)

Pneumoperitoneum 9 (81.8%)

Fluid collection 6 (54.5%)

Abscess 3 (27.3%)

Associated intestinal obstruction 6 (54.5%)

CT, computed tomography.
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Figure S2 CT measurements of mean-HU comparing 10 commercially available types with raw and boiled states. NS, not statistically 
significant; CT, computed tomography, ROI, region of interest; HU, Hounsfield unit.

Figure S1 The largest section of jujube pit was marked as a ROI that was plotted along the border of jujube pit. ROI measurements were 
performed on monochromatic 40 keV images (A) and routine 120 kVp images (B). ROI, region of interest; HU, Hounsfield unit; Min, 
minimum; Max, maximum.


