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ABSTRACT

Background Blunt injuries to the adrenal glands are
considered rare, associated with severe injury, and highly
mortal, based on autopsy series and earlier retrospective
reviews. Recent studies have reported higher incidence
rates associated with lower injury severity and mortality
rates.

Methods A 3-year review of the Pennsylvania Trauma
Outcomes Study Registry of adults with intra-abdominal
injuries after blunt trauma was performed and associated
organ injuries, injury parameters and in-hospital mortality
were compared between those with and those without
adrenal gland injury.

Results 5679 patient records were identified, 439

with adrenal gland injuries and 5240 without. The liver
and the kidney were the intra-abdominal organs most
frequently associated with injuries to an adrenal gland,
and the spleen was the intra-abdominal organ most
frequently injured in those without an adrenal gland
injury. There was no difference in mortality rates.
Discussion Injuries to the adrenal gland occur with

an incidence of 0.43% after blunt force trauma. The
presence of a blunt adrenal gland injury is not a marker
of severe injury or associated with an increased mortality
rate.

Level of evidence I, Retrospective Study.

BACKGROUND

Although blunt injury of an adrenal gland is
uncommon, it is not nearly as rare as previously
thought.'”” We previously reported a retrospec-
tive review of our urban Level 1 trauma center’s
15-year experience with adrenal gland injuries
using a matching estimator technique which case-
matched patients with adrenal gland injuries to
acutely injured patients without adrenal gland inju-
ries.! That analysis went beyond the basic statis-
tical analyses of previous retrospective reviews by
estimating the influence of adrenal gland injuries
on mortality and concluded that adrenal injuries
are not significant to the overall outcome of the
patient.! The conclusions of that research stood in
opposition to previous case series which concluded
that adrenal injuries were rare and were associated
with a high mortality rate and degree of injury.
That variance of conclusions prompted us to
investigate our State’s larger trauma database, the
New York State trauma registry (NYSTR), which
supported our previous findings that the inci-
dence of blunt adrenal gland injury is much higher

, Noam Gerber, L D George Angus, Swapna Munnangi,

than the 0.04% to 0.24% incidence that had been
previously reported.>” Inasmuch as the data in our
initial investigation from our single institution are
contained within the NYSTR dataset used in our
follow-up investigation, this study was undertaken
to assess whether the conclusions of our previous
studies, that blunt adrenal gland injuries are not
associated with increased severity of injury or
increased mortality rates, are supported using a
different statewide trauma registry.

METHODS

Data source

A retrospective cohort study was conducted using
data from the Pennsylvania Trauma Outcomes Study
(PTOS) Registry from 2012 through 2014 (3 years)
which was provided by the Pennsylvania Trauma
Systems Foundation, Mechanicsburg, Pennsylvania,
USA. The Foundation specifically disclaims respon-
sibility for any analyses, interpretations, or conclu-
sions. The PTOS is a statewide data repository that
collects medical record information on all trauma
patients managed at Level I to IV trauma centers
in the state of Pennsylvania. Patients with solitary
hip fracture, asphyxiations, hypo/hyperthermia,
drownings, poisonings, and in-hospital injuries are
excluded from the PTOS registry.® Data collected in
the PTOS include demographics, prehospital infor-
mation, process of acute care information, clinical
data, outcome data, diagnoses, procedures, and
payor class information.®

Study cohort selection (inclusion and exclusion
criteria)

Patients 18 years of age or older with primary
“blunt-type” injury and an abdominal organ injury
based on International Classification of Diseases, 9
Revision, Clinical Modification (ICD-9-CM) codes
were selected for inclusion for this study (online
supplementary figure 2). Exclusions are detailed in
online supplementary figure 3.

Variables of interest

The exposure of interest was the presence of a blunt
adrenal gland injury as identified by ICD-9-CM
code 868.01. Additional patient characteristics that
were extracted included age, gender, primary mech-
anism of injury, Injury Severity Score (ISS), Revised
Trauma Score (RTS), the Glasgow Coma Scale
Score (GCS) at admission, vital readings at admis-
sion (eg, pulse rate, respiratory rate, and systolic
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Table 1 Comparison of characteristics between patients with and
without an adrenal gland injury

Abdominal injury

Adrenal gland
injury present

No adrenal gland
injury present

(n=439) (n=5240) P value
Age (years)
Mean+SD 45.1+17.9 45.9+21.2 0.40
Gender <0.01*
Male 328 (74.7%) 3403 (64.9%)
Female 111 (25.3%) 1837 (35.1%)
Primary mechanism of injury <0.01*
Fall 91 (20.7%) 1291 (24.6%)
Machinery 3(0.7%) 43 (0.8%)
Motor vehicle traffic 278 (63.3%) 3248 (62.0%)
Pedal cyclist, other 6 (1.4%) 76 (1.4%)
Pedestrian, other 2(0.5%) 28 (0.5%)
Struck by, against 8 (1.8%) 275 (5.2%)
Transport, other 51 (11.6%) 279 (5.3%)
Injury Severity Score
Mean+SD 19.7+12.2 18.2+11.5 0.01*
Revised Trauma Score
Mean+SD 7117 73116 0.03*
Hypotension at admission 0.60
Hypotension (<90 mm Hg) 40 (9.1%) 439 (8.4%)
No hypotension (=90 mm Hg) 399 (90.9%) 4801 (91.6%)
Pulse rate at admission 0.12
>100 bpm 158 (36.0%) 1678 (32.0%)
60-100 bpm 263 (59.9%) 3307 (63.1%)
<60 bpm 18 (4.1%) 255 (4.9%)
Respiratory rate at admission
Mean+SD 18.4+8.0 18.3+6.9 0.84
Glasgow Coma Scale at admission 0.01*
Minor (13-15) 363 (82.7%) 4587 (87.5%)
Moderate (9-12) 16 (3.6%) 138 (2.6%)
Severe (3-8) 60 (13.7%) 515 (9.8%)
Abdominal organ injured
Adrenal gland 439 (100.0%) 0(0.00%) <0.01*
Stomach 2 (0.5%) 40 (0.8%) 0.47
Small intestine 20 (4.6%) 316 (6.0%) 0.21
Colon or rectum 16 (3.6%) 287 (5.5%) 0.10
Liver 173 (39.4%) 1694 (32.3%) 0.002*
Spleen 91 (20.7%) 2516 (48.1%) <0.01*
Kidney 119 (27.1%) 990 (18.9%) <0.01*
Other gastrointestinal organ 39 (8.9%) 506 (9.7%) 0.60
Bile duct/gall bladder 3(0.7%) 15 (0.3%) 0.16
Peritoneum 0 (0.00%) 0 (0.00%) -
Retroperitoneum 40 (9.1%) 611 (11.7%) 0.11
Discharge status 0.37
Died 28 (6.4%) 396 (7.6%)
Discharged alive 411 (93.6%) 4844 (92.4%)

Data presented as n (%) unless otherwise specified.
*P<0.05.
bpm, beats per minute; mm Hg, millimeter of mercury; rpm, respirations per minute.

blood pressure), and the abdominal organs injured. Hypotension
at admission was determined from the systolic blood pressure
and defined as <90 mm Hg. Pulse rate at admission was cate-
gorized as <60 beats per minute (bpm), 60 bpm to 100 bpm,
and >100 bpm. Respiratory rate at admission was measured as

3

respirations per minute. The admission GCS was categorized
into minor (13 to 15), moderate (9 to 12), and severe (3 to 8).
Online supplementary figure 2 lists the ICD-9-CM codes used
to identify the injured abdominal organs in each patient. The
outcome of interest was in-hospital mortality and defined as a
discharge status of “patient death.”

The PTOS does not contain American Association for the
Surgery of Trauma organ injury scale (OIS) grades or laterality/
bilaterality information. Instead it contains ICD-9 codes for
organ injuries, which maps to AIS severity. AIS-1 correlates to
OIS adrenal injury grades 1 and 2; AIS-2 correlates to OIS adrenal
injury grades 3 and 4); and AIS-3 correlates to OIS adrenal injury
grade 5, with the understanding that the upgrading due to bilat-
eral injury cannot be assessed.’

Statistical analysis

Characteristics between patients with a blunt adrenal gland
injury (+BAGI) and without a blunt adrenal gland injury
(-BAGI) were compared using descriptive statistics. Mean and
SD were calculated for continuous variables. Counts and relative
frequencies were calculated for categorical variables. Student’s
t-test, Pearson’s %2, and Fischer’s exact test were conducted to
examine statistical differences in the distribution of characteris-
tics between the study groups.

A multivariable logistic regression analysis was conducted to
compare the odds of in-hospital mortality in the +BAGI group
to the —-BAGI group of patients. In addition to the presence of
BAG]I, patient and injury factors considered for adjustment in the
multivariable logistic regression analysis included age, gender,
mechanism of injury, ISS, RTS, and admission pulse rate. Each
candidate variable’s association with in-hospital mortality was
assessed in an unadjusted logistic regression model. Variables
that were significantly associated with in-hospital mortality were
included as covariates in the final multivariable logistic regression
model. Age, ISS, and RTS were treated as continuous variables.
The presence of BAGI, gender, mechanism of injury, and pulse
rate at admission were treated as categorical variables. For mech-
anism of injury, the categories of “machinery,” “pedal cyclist,
other,” “pedestrian, other,” “struck by, against,” and “transport,
other” were collapsed into one category named “other” due to
their small individual cell counts. The specification of the final
adjusted model compared with the unadjusted model containing
the presence of BAGI as the sole predictor was assessed using the
log likelihood ratio test. The fit of the final adjusted model was
assessed using the Hosmer-Lemeshow goodness-of-fit test. ORs
of in-hospital mortality and their accompanying 95% CI were
calculated for each factor in the unadjusted and adjusted logistic
regression models. No interaction effects were analyzed.

A p value less than 0.05 was defined as statistically signifi-
cant. All statistical analyses were performed using SAS V.9.4 (SAS
Institute, Cary, North Carolina, USA).

» «

RESULTS

The PTOS registry contained 122 334 patient records from
2012 to 2014. Based on the inclusion and exclusion criteria, the
final study sample was 5679 patients; 439+BAGI patients and
5240 -BAGI patients(online supplementary figure 3).

Table 1 presents a comparison of patient characteristics
between the study groups. Liver and kidney injuries were more
prevalent in the +BAGI group (liver 39.4% vs 32.3%, p=0.002;
kidney 27.1% vs 18.9%, p<0.0001) and spleen injury was more
prevalent in the -BAGI group (48.1% vs 20.7%, p<0.0001).
Mortality rates were similar between the two groups.
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Table 2 Distribution of organ injury severity

Adrenal gland No adrenal gland

AIS grade (OIS grade) injury (n=439) injury (n=5240) P value
Adrenal injury N/A
1(1-2) 429 (97.7%) -
2 (3-4) 9 (2.1%) -
3(5) 1(0.2%) -
No injury 0 (0.0%) -
Liver injury <0.01
2(1-2) 107 (24.4%) 1261 (24.1%)
3(3) 40 (9.1%) 255 (4.9%)
4(4) 16 (3.6%) 122 (2.3%)
5(5) 9(2.1%) 52 (1.0%)
6 (6) 1(0.2%) 4(0.1%)
No Injury 266 (60.6%) 3546 (67.7%)
Kidney injury <0.01
2(1-2) 97 (22.1%) 761 (14.5%)
3(3) 9 (2.1%) 144 (2.8%)
4(4) 6 (1.4%) 74 (1.4%)
5(5) 7 (1.6%) 11 (0.2%)
No injury 320 (72.9%) 4250 (81.1%)
Spleen injury <0.01
2(1-2) 67 (15.3%) 1515 (28.9%)
3(3) 13 (3.0%) 542 (10.3%)
4(4) 6 (1.4%) 327 (6.2%)
5(5) 5(1.1%) 132 (2.5%)
No injury 348 (79.3%) 2724 (52.0%)

The distribution of the severity of adrenal gland injuries and
the solid organs in proximity to the adrenal glands, the liver,
kidneys and spleen, was compared between the +BAGI and
—BAGI groups. Since nearly 98% of the adrenal gland injuries
were AIS-1/0OIS Grade 1 to 2, no attempt was made to stratify
based on the magnitude of the adrenal gland injury (table 2).

Liver injuries were more frequent in +BAGI patients, although
the frequency of AIS-2 (OIS Grade 3/4) between the two groups
virtually identical (24.4% vs 24.1%). Injuries of the kidney were
also more frequent in the +BAGI group, with a 50% increase
in AIS-2 (OIS Grade 3/4) injuries as compared with the -BAGI
group. Splenic injuries were far more frequent among —BAGI
patients in total and for each AIS. Overall, the incidence of severe
solid organ injury was similar between the two groups (table 3).

Table 4 presents the unadjusted and adjusted OR estimates of
in-hospital mortality of the +BAGI group to the -BAGI group
from logistic regression analysis. Unadjusted logistic regression
models found that age, mechanism of injury, ISS, RTS, and
admission pulse were all significantly associated with in-hospital

Table 3 Distribution of concurrent severe liver, kidney, and spleen
injury

Adrenal gland  No adrenal gland

Table 4 Risk factor OR estimates of in-hospital mortality from
unadjusted and adjusted logistic regression analyses

Unadjusted Adjusted
OR 95% Cl OR 95% Cl
Abdominal injury
Adrenal gland injury 0.83 0.56 to 1.24 0.62 0.37t0 1.04
No adrenal gland injury (ref) - - - -
Age 1.02 1.01 t0 1.02* 1.05 1.05to 1.06*
Gender
Male 0.99 0.811t01.22
Female (ref) - -
Mechanism of injury
Motor vehicle traffic 3.70 2.36 10 5.79* 1.32 0.76 to 2.27
Fall 1.96 1.20 t0 3.22* 0.95 0.52t01.73
Other (ref)t - - - -
Injury Severity Score 1.10 1.09to0 1.11* 1.07 1.06 to 1.08*
Revised Trauma Score 0.51 0.48 to 0.53* 0.56 0.53 to 0.60*
Pulse rate at admission
>100 bpm 2.02 1.60 to 2.54* 1.50 1.13t02.01*
<60 bpm 16.04 12.01 to 21.41*  4.62 2.91 to 7.34*
60-100 bpm (ref) = = = =
Model performance statistics
—2LlogL 3015.062% 1672.729
H-L GOF p value 0.0655
**P<0.05.

t"Other” category includes: machinery; pedal cyclist, other; pedestrian, other; struck by,
against; transport, other.

+2LogL value from unadjusted logistic regression model containing adrenal injury as
predictor variable.

bpm, beats per minute; H-L GOF, Hosmer-Lemeshow goodness-of-fit; —2LogL, —2 Log
likelihood statistic; ref, reference category.

mortality and were thus selected as covariates to be included
the final adjusted model. In the unadjusted analysis, the odds of
in-hospital mortality was 17% lower in the +BAGI group, but
this reduction was not statistically significant (OR: 0.83, 95%
CI 0.56 to 1.24). After controlling for age, ISS, RTS and pulse,
the odds of in-hospital mortality was 38% lower in the +BAGI
group, but again this reduction was not statistically significant
(OR: 0.62, 95% CI 0.37 to 1.04).

Age, ISS, RTS, and admission pulse rate were all found to be
significantly associated with in-hospital mortality in the adjusted
logistic regression analysis. The odds of in-hospital mortality
increased 5% for each year increase in the patient’s age (95%
CI 1.05 to 1.06), increased 7% for each point increase in the
patient’s ISS (95% CI 1.06 to 1.08), and decreased 44% for each
point reduction in the patient’s RTS (95% CI 0.53 to 0.60). The
odds of in-hospital mortality was 50% higher in patients with an
admission pulse rate greater than 100 bpm (OR: 1.13 to 2.01)
and 362% higher in patients with an admission pulse rate less
than 60 bpm (OR: 2.91 to 7.34) compared with patients with an
admission pulse rate between 60 and 100 bpm. Evaluation of the
log likelihood ratio test and the Hosmer-Lemeshow Goodness-
of-Fit test showed that the adjusted logistic regression model was

injury injury

(n=439) (n=5240) P value both adequately specified and fit.
Severe liver injury 26 (5.9%) 178 (3.4%) 0.0063*
Severe kidney injury 13 (3.0%) 85 (1.6%) 0.0385* DISCUSSION
Severe spleen injury 11 (2.5%) 459 (8.8%) <0.0001* The PTOS Registry of the Pennsylvania Trauma System Foun-
Severe liver/kidney/spleen injury 49 (11.2%) 697 (13.3%) 0.2023 dation was chosen for analysis because of the completeness of
Severe Injury: AlS Severity=4. this registry and the geographic and demographic similarities
*P<0.05. between New York and Pennsylvania.’®!> The incidence of BAGI
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Figure 1  Prevalence of adrenal injury by AIS severity score. AlS, Abbreviated Injury Score.

in Pennsylvania was 0.43%, compared with 0.61% for New York
and 0.52% for our single institution.”

The average ISS was 19.7 for +BAGI and 18.2 for -BAGI. We
do not consider this statistically significant difference (p=0.008)
to be clinically significant.

The mortality rate for +BAGI patients of 6.4% was not signifi-
cantly different from the ~BAGI cohort of 7.2%. These findings
are similar to the mortality rates from the NYSTR of 6.6% and
8.2%, which were also not statistically different.”

The overwhelming majority of BAGIs (97.7%) were AIS-1, or
grade 1 to 2. Previous studies which identified BAGIs at autopsy,
laparotomy, or by low resolution CT scan likely missed the
majority of these injuries.’® ' Their conclusions that BAGI is
associated with an increased severity of injury and mortality are
based on an over-representation of grade 3, 4, and 5 injuries.

The abdominal organs most frequently injured in both +BAGI
and —BAGI patients were liver, kidney, and spleen (table 2). The
incidences of these organ injuries mirror previous reports for
+BAGI and -BAGI groups.** 7 Severe injuries (AIS=4) of the
liver and kidneys were more frequent among +BAGI patients
whereas severe injuries of the spleen were less frequent. The
clinical importance lies not in the frequency of severe injuries to
these organs individually, but that the overall incidence of severe
injury to any solid organ is the same, whether there are associ-
ated injuries to the adrenal gland or not (table 3). This obviates
an unequal distribution of severe solid organ injuries as a cause
of differences in +BAGI and —-BAGI mortality.

Previous single institution reports have shown a marked
predominance of right adrenal gland injuries over left, with bilat-
eral injuries occurring rarely. Unfortunately, the PTOS registry
does not contain laterality data for bilateral organs, so we are
unable to make such an assessment in this study. A review of
eight large series demonstrate that right-sided injuries constitute
72.8% of blunt adrenal gland injuries, left 19.9%, and bilateral
7.3% (table 5).

We think the reason for the marked right/left discrepancy is
the venous anatomy of each gland. Within each gland are two
circulatory patterns. In the cortical portions of the body and
tail, the straight capsular arteries are interrupted by a plexus,
the vascular dam. The head and body have portal systems of
valveless venous sinuses between the cortex and medullary tissue
which empty directly into a central vein, which is short and
drains directly into the inferior vena cava (IVC) on the right, but
is longer and joins the left inferior phrenic vein before entering
the renal vein on the left.">""” This right versus left side differ-
ence is important when considering the three major mechanisms
of injury which have been proposed: (1) direct injury through
direct transfer of energy from the point of blunt impact to the
organ; (2) deceleration-related injury with internal shearing of
the adrenal gland tissues; and (3) injury through water-hammer
transfer of increased IVC pressure, as occurs with sudden forc-
ible compression of the abdomen.

Clearly direct injury of the adrenal glands occurs.
We identified the prevalence of BAGI increased with increased
AIS of the liver and kidney, which are adjacent (figure 1). The
decreased prevalence of BAGI with increased spleen AIS is
expected because the vector of the direct energy transfer neces-
sary to injure the spleen would be more lateral on the torso as
compared with the kidneys and central area of the liver.

The biomechanics and pathophysiology of deceleration inju-
ries from motor vehicle crashes and falls result in shearing of the
juxtamedullary venous sinuses, causing the hematoma found in
the head and body of the adrenal gland. This was the finding in
the first case of traumatic adrenal injury reported by Grisellius in
1670 and more recent reports.> 02!

Increased central venous pressure is the third proposed mech-
anism of injury.2?' 22 It is the etiology of adrenal hemorrhage in
newborns and mothers after especially arduous deliveries and
after adrenal venography.?*’ Increased pressure in the IVC can
be directly transmitted into the venous sinuses of the medullary

3-6 13 14 18 19

Table 5 Summary of laterality and associated injuries

Adrenal injury

Associated injuries (%)

Author Total patients  Right Left Bilateral Ribs Liver Spleen Kidney

Burks et a/'® 20 12 5 3 12 (60.0) 5 (25.0) 8 (40.0) 6 (30.0)

Rana et al® 51 39 9 3 33 (64.7) 26 (51.0) 24 (47.1) 16 (31.4)
Mehrazinetal* 130 99 25 6 88 (67.7) 54 (41.5) 35(26.9) 36 (27.7)
Sinelnikov et al® 73 56 1" 6 Not Reported 31 (42.5) 17 (23.3) 13(17.8)
Stawicki et af® 29 16 12 1 20 (69.0) 7(24.1) 11 (37.9) 4(13.8)
Alsayali et al"* 96 70 22 4 Not Reported 30(31.2) 20 (20.8) 24 (25.0)

Liao et al'® 77 59 16 2 37 (48.1) 51 (66.2) Not reported 33 (42.9)

Panda et al*® 47 30 4 13 Not Reported 22 (46.8) 10 (21.3) 5(10.6)

Total 523 381(72.8%) 104 (19.9%) 38 (7.3%) 61.9% (190/307) 43.2% (226/523)  28.0% (125/446) 26.2% (137/523)
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tissue below the vascular dam, leading to overdistension and
rupture. The right adrenal gland with its short vein and direct
IVC communication is more susceptible to this mechanism of
injury than the left with its intervening branches which can dissi-
pate a sudden increase in IVC pressure.

The latter two mechanisms explain delayed development of
adrenal gland hematomas, a phenomenon previously reported in
the liver and spleen.!3 19 28-31

We are unable to address the associated incidence of adrenal
insufficiency in this population as the PTOS database only
contains injury diagnosis codes. A limited and select list of
complications are reported not as ICD-9 codes, but as dichot-
omous flags (Yes/No), of which adrenal insufficiency is not one.

Our limitations include those of any retrospective review of an
aggregated registry. Seven per cent of the study sample records
were excluded because of missing essential data fields. This had
a significant impact on the statistical analysis as the missing data
fields were random. Further, as a consequence of ICD-9 codes
being used to identify injuries in the PTOS database, it is only
possible to analyze the AIS grade of the BAGI and not the OIS
grade or the laterality/bilaterality of the injured organ. This
obligatory lack of granularity limits the depth to which anal-
ysis is possible. Further investigations into this aspect of blunt
adrenal gland injury may require a multi-institutional collabo-
rative effort. Details of the equipment used to perform CT are
also not available from this registry, including the generation and
resolution capacity.

CONCLUSION

The traditional dogma on BAGIs has been that they are rare, asso-
ciated with high morbidity, and highly mortal. This retrospective
review of the PTOS Registry is consistent with recent smaller
reviews and demonstrates that the incidence is higher than previ-
ously thought, about 0.5%, but that the consequences are negli-
gible.!” ¥ Blunt force injury of the adrenal gland is not associated
with increased morbidity or an elevated mortality rate.
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