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Background:Acute appendicitis is one of themost common surgical emergenciesworldwide. Preoperative assess-
ment of the risk of complicated appendicitis may aid in treatment planning. We sought to investigate the asso-
ciation between pre-appendectomy hyponatremia and diagnosis of complicated appendicitis.
Methods: The TriNetX platform, a federated health research network that aggregates de-identified electronic
health record data of over 90 million patients across the United States, was queried for patients who underwent
appendectomy starting January 2019 and who had at least one sodium value from the preoperative period. The
study population was stratified into three age groups: pediatric (age < 18), adult (age 18–64), and older adult
(age ≥ 65). These groups were subdivided into patients with preoperative hyponatremia (<135 mmol/L) and
normonatremia (135–145 mmol/L).
Results: Among the 61,245 patients who met inclusion criteria, 17,546 were included for analysis following pro-
pensity score matching. The odds of complicated appendicitis were highest in pediatric patients (age < 18) with
pre-appendectomy hyponatremia (odds ratio [OR]=2.91, 95 % CI [2.53, 3.35]). Patients age 18–64 and aged ≥ 65
with preoperative hyponatremia also demonstrated increased odds of a complicated appendicitis diagnosis, but
to a lesser extent (OR = 2.11, 95 % CI [1.92, 2.32] (OR = 1.49, 95 % CI [1.25, 1.77], respectively).
Conclusions: In a large analysis ofmatched patientswith acute appendicitis, we found an association between im-
mediate preoperative hyponatremia and complicated appendicitis. Future studies are indicated to further evalu-
ate the role of hyponatremia as a potential diagnostic marker for complicated appendicitis in all age groups.
Key message: This study suggests a role of hyponatremia as one of multiple variables to incorporate into future
clinical decision tools for complicated acute appendicitis.
© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Acute appendicitis is one of themost common surgical emergencies,
with nearly 300,000 appendectomies performed in the United States
annually [1]. Complicated appendicitis accounts for up to 25 % of appen-
dectomies and includes cases that have progressed to perforation, gan-
grene, or abscess formation [2–4]. Perforation and gangrene are
associated with worse postoperative outcomes, such as paralytic ileus
and surgical site infection, that often lead to a prolonged hospital stay
ersity School of Medicine, 9501
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[5–7]. Uncomplicated cases of appendicitis are often amenable to non-
operative treatment with antibiotics, but the same cannot necessarily
be said in cases of complicated appendicitis [6,8–11]. Although there is
disagreement in the literature [10,12], some studies report that early
recognition and treatment of complicated appendicitis may avoid inap-
propriate medical-only management and the associated delays in oper-
ative therapy, resulting in less patient morbidity and shorter hospital
stays [13–15]. Therefore, early differentiation between complicated
and uncomplicated cases is important in providing optimal care.

Computed tomography (CT) scans are commonly employed in the
workup of acute appendicitis, particularly to increase diagnostic speci-
ficity. However, indications for abdominopelvic CT scans are far more
restrictive in pediatric appendicitis workup. Despite efforts to decrease
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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the exposure to ionizing radiation related to CT use in pediatric appen-
dicitis, high CT utilization remains an issue [16], with one study finding
that more than one-third or children undergo CT scan prior to surgery
[17]. Identifying a reliable preoperativemarker of complicated appendi-
citis has become a common theme in surgical literature in recent years,
offering the potential to improve diagnostic accuracy without surgical
intervention or ionizing radiation. Hyponatremia is one of several labo-
ratory values that has been investigated as a marker of complicated ap-
pendicitis in both pediatric and adult populations. A recent single-
center study of 129 patients over 14 years of age found that
hyponatremia was a reliable predictor of perforation, gangrene, or ab-
scess [18]; similar studies at other institutions corroborate these find-
ings [19,20]. The largest adult-only retrospective study to date
included 1550 patients and defined complicated appendicitis as either
a perforated or gangrenous appendix. Based on exploratory logistic re-
gression, four independent predictors for complicated appendicitis
were identified by the authors, of which hyponatremia demonstrated
the strongest association [3]. However, this study was limited by a
single-center analysis. Large-scale, population-level data about the rela-
tionship between hyponatremia and complicated appendicitis has yet
to be reported.

This study aims to further assess the risk of developing complicated
appendicitis in patients with preoperative hyponatremia. We utilized a
very large set of aggregated electronic health record (EHR) data to com-
pare outcomes in the preoperative hyponatremia population to those
with normal sodium measurements prior to surgery. We hypothesized
that the preoperative hyponatremia group would reflect a higher inci-
dence of pathologies associated with complicated appendicitis com-
pared to the preoperative normonatremia group.

Materials and methods

Study population. Data for this study were obtained from the US Col-
laborative Network of the TriNetX Research Network platform, a global
federated network of electronic health record (EHR) data. TriNetX pro-
vides access to continuously updated, de-identified aggregate EHR data
including demographics, diagnoses (based on the International Classifi-
cation of Diseases, Tenth Revision, Clinical Modification [ICD-10-CM]
codes), procedures (coded in The International Classification of Dis-
eases, Tenth Revision, Procedure Coding System [ICD-10-PCS], Current
Procedural Terminology [CPT], and SystematizedNomenclature ofMed-
icine [SNOMED] Clinical Terms), laboratory tests (coded in Logical Ob-
servation Identifiers Names and Codes [LOINC]), in addition to
medications and genomics. TriNetX only contains de-identified EHR
data and, for population level queries, has been deemed exempt by
the MetroHealth System's Institutional Review Board (IRB) as defined
in Section §164.514(b)(1) of the HIPAA Privacy Rule. At the time of in-
vestigation, the TriNetX US Collaborative Network contained aggregate
data for 91,793,238 patients across 56 healthcare organizations (HCOs)
across the United States.

Wequeried the platform to identify patientswhounderwent appen-
dectomy according to CPT, ICD-10-PCS, and SNOMED codes related to
appendectomy. Interval and incidental appendectomies were excluded,
as well as any patients with a history of appendiceal malignancies, or
“other appendicitis” (ICD-10-CM K36), utilized for chronic or recurrent
appendicitis. A complete list of inclusion and exclusion criteria is avail-
able in Supplementary Table 1. Prior changes to ICD-10 coding for ap-
pendicitis have significantly affected related quality metrics [22].
Therefore, only surgeries occurring on or after January 1st 2019were in-
cluded for analysis as this marked the implementation of the current it-
eration of ICD-10 diagnosis codes for appendicitis [22,23]. Patients were
stratified into three cohorts by age at the time of surgery: pediatric
(age < 18 years old), adult (age 18–64), and older adult (age ≥ 65).
These cohorts were further subdivided into those with hyponatremia
(<135mmol/L) and normonatremia (135–145mmol/L) in the immedi-
ate preoperative setting. Age stratificationwas performed to account for
89
the increasing rate of baseline hyponatremia among elderly patients
[24], as well as the higher incidence of appendicitis in the pediatric pop-
ulation. Preoperative sodium levels were included for analysis if they
occurredwithin three days before surgery. This inclusion periodwas se-
lected to capture patients who may have been monitored expectantly
for 1–2 days as recommended by certain practice guidelines [25]. Pa-
tient assignment to the hyponatremia cohort was based on any sodium
measurement <135 mmol/L in the 3-day preoperative period, regard-
less of whether additional values were within normal limits in the
same period. Thus, patients who initially presented with hyponatremia
but normalized ahead of surgery were still included in the
hyponatremia cohort. Inclusion in the normonatremia group required
at least one sodium measurement within the 135–145 mmol/L range
and nomeasurements below 135 mmol/L at any time in the 3-day pre-
operative period.

Measures and outcomes. Baseline characteristics of age, sex, race, and
ethnicity were identified for each patient. If available, the most recent
sodium lab value over a period ranging from 3 years to 14 days prior
to the surgery was also included as part of the patient's baseline charac-
teristics. Patients were not excluded if there was no baseline sodium
value. This methodology was selected given the acute nature of appen-
dicitis, which also most commonly affects younger patients, meaning
that acute appendicitis may be the first presentation to a given HCO.

Severity of appendicitis was extrapolated from ICD-10-CM codes,
whichwere evaluated from the dayof surgery through the third postop-
erative day. Recent studies have demonstrated the difficulty of differen-
tiating uncomplicated from complicated appendicitis, particularlywhen
relying solely on ICD-10-CMdiagnostic codes [21,26,27]. The clinical de-
lineation between complicated and uncomplicated disease is also not
entirely consistent in the literature. For example, one 2018 study pro-
posed that gangrenous appendicitis can be treated as uncomplicated
acute appendicitis, provided there are no other features of complex ap-
pendicitis (perforation, diffuse purulence outside of the pelvis, an
extraluminal fecalith, or a well-formed abscess) [28].

In defining our categories of appendicitis severity, a similar approach
to that of Georgeades et al. [29]was used,with two refinements: 1) gan-
grenous appendicitis without other complicating features was catego-
rized separately from both uncomplicated appendicitis (without
gangrene) and complicated appendicitis; and 2) only billable codes
were included in our analysis to increase the likelihood that the diagno-
sis code was validated by clinical billing departments against physician
documentation. Thus, non-specific “parent codes,” such as K35.8 were
excluded from analysis (but K35.80, K35.890, and K35.891 were in-
cluded).

In our analysis, uncomplicated appendicitis includes diagnosis codes
without associated abscess, gangrene, or perforation; “unspecified ap-
pendicitis” (K37) was also included as it is included as a billable code
and is also frequently used in cases of uncomplicated appendicitis. Un-
complicated appendicitis with gangrene was defined as a separate
category, including codes K35.31 and K35.891. Lastly, complicated ap-
pendicitis was defined as any diagnosis associated with perforation, in-
cluding K35.32 and K35.33 (acute appendicitis with perforation,
localized peritonitis, and gangrene, with or without abscess, respec-
tively). Acute appendicitis with generalized peritonitis (K35.20 and
K35.21) was also included in the complicated appendicitis category, as
the description of K35.2 also includes “appendicitis (acute) with gener-
alized (diffuse) peritonitis following rupture or perforation of appendix”
[23]. The complete list of relevant ICD-10-CM codes with associated de-
scriptions and severity categorization is summarized in Supplementary
Table 2.

Given the financial incentives associatedwith thorough documenta-
tion to achieve more valuable Medicare Severity Diagnosis-Related
Group Principal Diagnosis (MS-DRG) codes, a secondary definition of
complicated appendicitis was incorporated into our analysis. This defi-
nition is based on Centers for Medicare & Medicaid Services (CMS)
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criteria linked to a “complicated principal diagnosis” of appendicitis.
This definition differs slightly from common clinical descriptions, in
that it only includes codes K35.21, K35.22, and K35.33, but does not in-
clude K35.20 (acute appendicitis with generalized peritonitis without
abscess) [30]. Collectively, excluding non-billable codes and including
CMS billing criteria is intended to minimize the risk of confounding in-
herent in large aggregated databases, particularly given the inability to
access pathological, operative and imaging reports.

Statistical analysis. To minimize the effect of confounding factors, pro-
pensity score matching was performed to generate study populations
with similar baseline characteristics, including age at appendectomy,
sex, race, ethnicity, and baseline sodium level (refer to Measures and
Outcomes for explanation of baseline lab criteria). Cohort matching
was performed with analytics functionality included with the TriNetX
package, which performs 1:1 nearest neighbor greedy matching meth-
odology with a caliper of 0.1 pooled standard deviations. The 3-day
odds of outcomes were compared between the propensity score-
matched hyponatremia cohort and normonatremia cohort. Overall
event frequency, odds ratios, and 95 % confidence intervals (CI) were
calculated. Separate analyses were performed across the three age
groups; pediatric, adult, and older adult. All cohorts were individually
balanced using the aforementioned methodology. All statistical tests
were performed on the TriNetX platform on 4/6/2023 with a signifi-
cance level set at p < 0.05.

Results

Between January 2019 andMarch 2023, 118,808 patientswere iden-
tified as having undergone appendectomy. Of these patients, 61,245
met inclusion criteria (Fig. 1). The study population was stratified ac-
cording to age at time of surgery: pediatric (age < 18, n = 13,939),
adult (age 18–64, n = 42,046), and older adult (age ≥ 65, n = 5260).
Each stratum was further subdivided into preoperative hyponatremia
and normonatremia cohorts prior to propensity score matching (Sup-
plementary Table 3). After matching, the pediatric cohort contained
2157 patients in both immediate preoperative hyponatremia and
normonatremia groups, while the adult and older adult strata included
5341 and 1316 in each of their respective subgroups (Fig. 1). Prior to
propensity matching, older patients were more likely to have baseline
sodium values (14.3 % in pediatric, 37.2 % in adult, and 60.8 % in older
adult patients, dated between 14 days and 3 years prior to appendec-
tomy). Prior to matching, pediatric hyponatremia patients were more
likely to be male, but this difference was not observed in non-
pediatric cohorts (Supplementary Table 3). Pediatric patients with im-
mediate preoperative hyponatremia were also slightly younger, with a
mean age at surgery of 9.4 years, compared to 11.4 years in the
normonatremia group. In the 18–64 age group, patientswith immediate
preoperative hyponatremia were older, with a mean age of 41.7, com-
pared to 36.9 in the normonatremia subgroup. In the older adult cohort,
mean age at surgery was relatively similar between the hyponatremia
and normonatremia groups (72.5 and 71.9 years, respectively), despite
their difference being statistically significant. Characteristics of propen-
sity matched cohorts are summarized in Supplementary Table 3.

Across all subgroups, pediatric patients with pre-appendectomy
hyponatremia demonstrated the strongest association with compli-
cated appendicitis (odds ratio [OR] = 2.91, 95 % CI [2.53, 3.35]; Fig. 2).
Conversely, older adults (age ≥ 65) with preoperative hyponatremia
had the lowest odds of complicated appendicitis among all age
groups. However, these odds were still increased compared to their
normonatremic counterparts (OR = 1.49, 95 % CI [1.25, 1.77]). When
restricting diagnosis codes to those meeting MS-DRG “complicated
principal diagnosis” criteria (ICD-10-CM codes K35.21, K35.22, and
K35.33), the odds ratio of complicated appendicitis was slightly higher
across all strata with immediate preoperative hyponatremia (pediatric,
age < 18, OR = 2.95, 95 % CI [2.55, 3.42]; adult, age 18–64, OR = 2.22,
90
95 % CI [2.01,2.45]; older adult, age ≥ 65, OR = 1.55, 95 % CI [1.30,
1.85] – see Supplementary Figure 1). Both pediatric and adult cohorts
demonstrated increased odds of uncomplicated appendicitis with gan-
grene when presenting with immediate preoperative hyponatremia
(OR = 1.73, 95 % CI [1.27, 2.36] and OR= 1.90, 95 % CI [1.58, 2.29], re-
spectively; Fig. 2). However, older adults with immediate preoperative
hyponatremia did not demonstrate significantly increased odds of un-
complicated appendicitis with gangrene (OR = 1.32, 95 % CI [0.93,
1.89]). The odds of uncomplicated appendicitis were lower in patients
with immediate preoperative hyponatremia across all three age strata
(pediatric, age < 18, OR = 0.74, 95 % CI [0.66, 0.83]; adult, age 18–64,
OR = 0.75, 95 % CI [0.69, 0.81]; older adult, age ≥ 65, OR = 0.77, 95 %
CI [0.66, 0.89]).

Discussion

The search for laboratory markers to aid in the clinical diagnosis of
complicated acute appendicitis has become a popular endeavor in
emergency and surgical research. There remains an unmet need for a
generalizable, validated predictive model to delineate complicated
from uncomplicated appendicitis prior to surgical intervention. Some
of the most well-known clinical decision tools pertaining to appendici-
tis, such as the Alvarado Score and the Pediatric Appendicitis Score
(PAS) are limited to ruling the diagnosis of acute appendicitis in or
out. The latter is also specific to patients 3–18 years old. Greater gener-
alizability, as well as validated risk stratification between uncompli-
cated and complicated appendicitis, will aid in treatment planning,
surgery timing, and patient counseling.

While abdominal CTs have become a mainstay in appendicitis
workup, they are not without their limitations, particularly in differen-
tiating between uncomplicated and complicated appendicitis [31]. Per-
foration is a hallmark of complicated appendicitis and as such was
utilized in our definition of complicated appendicitis for this study
(the reader is directed to theMeasures andoutcomes section for full dis-
ease characterization, as well as Supplementary Table 2). A 2005 study
by Foley et al. found that abdominal CT showed only moderate sensitiv-
ity in depicting appendiceal perforation [32], limiting clinicians' ability
to definitively identify patientswho are candidates formedicalmanage-
ment of appendicitis. Abdominal computed tomography is also not
without risks, as one study showed that the benefit of universal scan-
ning for appendicitis (avoiding 12 negative appendectomies) came
with a cost of one radiation-induced cancer death [33]. The impetus to
avoid ionizing radiation is even greater in the pediatric population,
who also represent the major age demographic for acute appendicitis.
Multiple studies have foundhigh CT utilization rates acrossmany hospi-
tals, despite specific guidelines against their use in children presenting
with suspected appendicitis [16]; Childers et al. identified that more
than one-third of children underwent abdominal CT scans prior to sur-
gery, attributed primarily by transferring hospitals [17].

Many researchers have investigated patient symptoms, clinical
signs, lab values, and radiographic findings that distinguish complicated
from uncomplicated appendicitis, including hyponatremia at time of
presentation [3,18–20,34–37]. Hyponatremia has been identified as a
marker of several other complicated infections, including necrotizing
soft tissue infections, gangrenous cholecystitis, and ischemic or perfo-
rated bowel in small bowel obstruction [38–41]. A review by Swart
et al. describes a pathophysiologicmechanism that implicates increased
interleukin-6 levels during inflammation. This cytokine is thought to
mediate a cascade of non-osmotic secretion of antidiuretic hormone
and resultant hyponatremia [42]. This immuno-neuroendocrine path-
way may explain the pathophysiology behind hyponatremia in severe
infectious processes, including complicated appendicitis.

Serum sodium measurement is a timely and routine clinical data
point that may help delineate uncomplicated from complicated appen-
dicitis, informing the assessment of which patients should proceed di-
rectly to surgery. In our study, we used a large set of aggregated EHR



Fig. 1. Flow chart of cohort construction.
HCO, healthcare organization.
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data to compare the frequency of complicated appendicitis based on pa-
tients' serum sodium levels prior to appendectomy. Among the 17,628
patients included in our analysis after propensity score matching, we
found that patients with preoperative hyponatremia are significantly
more likely than their normonatremic counterparts to be diagnosed
with complicated appendicitis, which we defined as appendicitis
with perforation. The association between immediate preoperative
hyponatremia and complicated appendicitis was strongest in the youn-
gest age cohort andweakest in the older adult group. This finding is par-
ticularly of interest given this age group stands to benefit themost from
avoiding abdominal CT scans and the associated dose of ionizing
radiation.
91
This study elucidates the potential of hyponatremia as a predictive
marker for complicated appendicitis; utilizing the largest sample size
to date, it corroborates findings of previous studies in both pediatric
and adult populations [3,18–20,34–37,43,44]. A single-center study of
129 patients over 14 years of age found that hyponatremia was signifi-
cantly more common among patients with perforation or gangrene, at
an incidence of 41.2 % in the complicated appendicitis group and 1.6 %
in the non-complicated appendicitis group [18]. The largest available
retrospective study of adult patients by Kim et al. found that preopera-
tive hyponatremia had the strongest association with complicated ap-
pendicitis (OR = 2.8; 95 % CI [2.1–3.8]) compared to other possible
predictors, including tachycardia, neutrophilia, and extended duration



Fig. 2. Forest plot of age-stratified odds of appendicitis diagnosis in patients with pre-appendectomy hyponatremia compared to patients with preoperative normonatremia.
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of pain [3]. Most published studies of adult patients have been retro-
spective, but a prospective study of 80pediatric patients found amedian
plasma sodium concentration of 134 mmol/L in perforated cases and
139mmol/L in non-perforated cases, with an odds ratio of 31.9 for per-
foration in hyponatremic patients [45]. Findings from large scale popu-
lation studies, such as those presented here, offer a means to support
the generalizability of results obtained through smaller, generally
single-institution studies.

While this study adds to the body of knowledge regarding the po-
tential to incorporate pre-appendectomy hyponatremia into clinical de-
cision making, it is not without its limitations [3,16,17,28,29]. Most
patients did not have multiple sodium levels from which to evaluate
for chronic hyponatremia, which is a potential confounder and signifi-
cantly more common among elderly patients [24,46]. However, >60 %
of the older adult patients (age ≥ 65) did have baseline lab values
from which we were able to perform propensity score matching, miti-
gating some of the potential confounding. Pediatric patients were least
likely to have baseline labs for comparison, but they are also at a low
risk of chronic hyponatremia.

Our cohort setup and binary categorization of sodium status were
suitable to the TriNetX platform, but prevented us from performing a
multivariate logistic regression, which may change the results of this
study when other potentially predictive variables are included. How-
ever, our propensity-score matching approach accomplishes the equiv-
alent task as logistic regression for those variables included in our
propensity matching. Additionally, dichotomization of continuous vari-
ables (i.e. serum sodium levels), which was a limitation of the analytics
tools, results in a potential loss of information, but typically leads to
measurement of a small effect. Therefore, the true association between
preoperative hyponatremia and complicated appendicitis may be
greater than reported here [47].

As with any large aggregated EHR database, there is an inherent in-
ability to validate diagnoses with manual chart review, specifically im-
aging, pathology, and operative reports in the case of appendicitis. As
mentioned previously, diagnostic coding for acute appendicitis has pre-
sented numerous challenges over the years, not least with the transition
from ICD-9 to ICD-10 coding [21,26–29]. Restricting our use of ICD-10-
CM codes to billable codes and further narrowing criteria to those di-
rectly impacting MS-DRG level was intended to take advantage of
health systemfinancial incentives to enhancedata validity (Supplemen-
tary Table 2, Supplementary Figure 1). Given that the codes of greatest
interest—those corresponding to complicated appendicitis—are also as-
sociated with increased reimbursement, we presume that documenta-
tion completeness and coding accuracy would be additionally
supported by hospital billing and coding departments. Conversely,
there is likely less incentive to differentiate between K35.80,Unspecified
acute appendicitis and K37, Unspecified appendicitis, which clinicians in
practice may use almost interchangeably, depending on their EHR
92
setup. Both of the latter codes fall under the definition of “uncompli-
cated appendicitis” in this study, among others [29].

The reliance of TriNetX on diagnostic and procedural codes also po-
tentially contributes to an underestimation of the risk of complicated
appendicitis with hyponatremia. Only patients with a charted proce-
dural code for appendectomy were included in our analysis (refer to
Supplementary Table 1 for a complete list of codes). As such, patients
who were managed non-operatively were not included in our analysis.
Presumably, patients managed nonoperatively experience lower rates
of complicated appendicitis diagnoses. Thus, their absence may dimin-
ish the odds of a complicated appendicitis diagnosis. However, patients
managed nonoperatively also lack the surgical pathology, which is often
used to confirm appendicitis diagnosis and severity, particularly in ret-
rospective research studies. Therefore, regardless of the limitations in-
herent to studies utilizing aggregate EHR data, this population
presents a challenge in terms of diagnosis validation.

Conclusion

This study offers a very large population-level analysis of the associ-
ation between immediate preoperative hyponatremia and complicated
appendicitis. The association between hyponatremia and complicated
appendicitis is strongest among pediatric patients but is partially dimin-
ished in older patient cohorts. These findings contribute to a larger con-
versation about the preoperative identification of patients who might
require more urgent surgery or who be more appropriately managed
through non-operative options. Prospective studies evaluating the ef-
fect of hyponatremia (as well as other predictive markers) on compli-
cated appendicitis are indicated.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.sopen.2023.05.001.
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