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Abstract
Introduction Even though acute appendicitis is the most common general surgical condition encountered during pregnancy, 
the preferred approach to appendectomy in pregnant patients remains controversial. Current guidelines support laparoscopic 
appendectomy as the treatment of choice for pregnant women with appendicitis, regardless of trimester. However, recent 
published data suggests that the laparoscopic approach contributes to higher rates of fetal demise. Our study aims to compare 
laparoscopic and open appendectomy in pregnancy at a statewide population level.
Methods ICD-9 codes were used to extract 1006 pregnant patients undergoing appendectomy between 2005 and 2014 from 
the NY Statewide Planning and Research Cooperative System (SPARCS) database. Surgical outcomes (any complications, 
30-day readmission rate, length of stay (LOS)) and obstetrical outcomes (antepartum hemorrhage, preterm delivery, cesarean 
section, sepsis, chorioamnionitis) were compared between open and laparoscopic appendectomy. Multivariable generalized 
linear regression models were used to compare different outcomes between two surgical approaches after adjusting for pos-
sible confounders.
Results The laparoscopic cohort (n = 547, 54.4%) had significantly shorter LOS than the open group (median ± IQR: 
2.00 ± 2.00 days versus 3.00 ± 2.00 days, p value < 0.0001, ratio = 0.789, 95% CI 0.727–0.856). Patients with complicated 
appendicitis had longer LOS than those with simple appendicitis (p value < 0.0001, ratio = 1.660, 95% CI 1.501–1.835). 
Obstetrical outcomes (p value = 0.097, OR 1.254, 95% CI 0.961–1.638), 30-day non-delivery readmission (p value = 0.762, 
OR 1.117, 95% CI 0.538–2.319), and any complications (p value = 0.753, OR 0.924, 95% CI 0.564–1.517) were not statisti-
cally significant between the laparoscopic versus open appendectomy groups. Three cases of fetal demise occurred, all within 
the laparoscopic appendectomy group.
Conclusions The laparoscopic approach resulted in a shorter LOS. Although fetal demise only occurred in the laparoscopic 
group, these results were not significant (p value = 0.255). Our large population-based study further supports current guide-
lines that laparoscopic appendectomy may offer benefits over open surgery for pregnant patients in any trimester due to 
reduced time in the hospital and fetal and maternal outcomes comparable to open appendectomy.
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During the course of pregnancy, nearly 1/600 to 1/1000 of all 
pregnancies are complicated by acute appendicitis [1]. Delay 
in diagnosis, as well as treatment, increases the risk of perfo-
ration with an associated increase in both maternal morbidity 
and fetal mortality [2]. Compared to surgical intervention, 
conservative management has been shown to increase rates 
of sepsis, septic shock, and peritonitis [3]. Therefore, surgical 
intervention has become the mainstay of treatment. While his-
torically performed through an open approach, the advent of 
laparoscopy has improved visualization of the entire abdomen 
allowing for improved diagnosis, decrease in post-operative 
pain, and shorter hospital stays [4].

Given the numerous retrospective studies that have shown 
laparoscopic appendectomy (LA) to be safe for both mother 
and child, the Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES) guidelines currently recom-
mend LA as the treatment of choice for pregnant patients 
with acute appendicitis [5]. However, the definitive surgi-
cal approach for appendectomy during pregnancy remains 
unclear as some large-scale studies published since those 
guidelines have suggested that the laparoscopic approach 
contributes to higher rates of fetal demise [6, 7]. This study 
aims to investigate the surgical and obstetrical outcomes of 
patients undergoing laparoscopic versus open appendectomy 
(OA) in New York State.

Methods

The New York State Planning and Research Cooperative 
System (SPARCS) database was queried for all pregnant 
patients diagnosed with acute appendicitis who underwent 

appendectomy between 2005 and 2014. The New York 
SPARCS database is a comprehensive system that collects 
patient level data on patient demographics, diagnoses, treat-
ments, services, and charges for inpatient and outpatient vis-
its [8]. Approval for the assessment of outcomes following 
common surgical procedures in the State of New York was 
obtained from the Institutional Review Board. ICD-9 and 
CPT diagnostic and procedural codes (see Supplemental 
Table A) were used to extract pregnant females who were 
diagnosed with acute appendicitis and subsequently under-
went either OA or LA. The patient cohort was also stratified 
by the classification of appendicitis (simple vs complicated) 
through diagnostic codes 540.0-541.1, 540.9, 541, 542 and 
procedural codes 47.2, 47.91, 47.92. Patients who had 
diagnostic codes for both “simple” and “other” (diagnostic 
codes: 543.0 and 543.9; procedural codes: 47.09, 47.9, and 
47.99) appendicitis were identified as having simple appen-
dicitis since “other” represented lymphoid hyperplasia of the 
appendix. In contrast, patients coded as both “complicated” 
and “other” appendicitis were sorted into the complicated 
appendicitis cohort. Exclusion criteria included males, miss-
ing identifiers, duplicate records, and patients who under-
went appendectomy for causes unrelated to acute appendi-
citis (e.g., chronic appendicitis, incidental procedures, and 
appendiceal/colon neoplasm). Patients with any diagnostic 
code consistent with a multiple gestation pregnancy were 
also excluded from the study.

Patient demographics, facility type, obstetric outcomes, 
and surgical outcomes were stratified based on the appendi-
citis classification as well as the surgical approach (OA vs 
LA). Surgical outcomes included 30-day non-delivery read-
mission, appendectomy complications, and hospital length 
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of stay (LOS). The two broad types of obstetric outcomes 
were fetal demise and composite maternal outcomes, which 
is defined as antepartum hemorrhage, chorioamnionitis, pre-
term delivery, sepsis, and cesarean delivery. Additionally, 
the data and outcomes were stratified by trimester, which 
was defined as a categorical variable derived from days from 
appendectomy to delivery. As such, first trimester is defined 
as a patient undergoing appendectomy within 6–10 months 
before delivery. Second trimester patients underwent appen-
dectomy within 3–6 months before delivery while third tri-
mester patients underwent appendectomy within 0–3 months 
before delivery.

Chi-square tests with exact p values based on Monte 
Carlo simulation were utilized to examine the marginal asso-
ciation between categorical variables with surgical approach, 
surgical complications, obstetric outcomes, and 30-day non-
delivery readmission. Wilcoxon’s rank sum tests (for vari-
ables with 2 levels) and Kruskal–Wallis tests (for variables 
with 3 or more levels) were used to compare unadjusted 
marginal differences in LOS among different levels of cat-
egorical variables. Univariate analysis of fetal demise asso-
ciated with surgical approach was conducted using Fisher’s 
exact test. Appendectomy surgical approach, appendicitis 
classification, and other significant factors related to each 
outcome that were significant (p value < 0.05) based on 
univariate analyses were further considered in multivari-
able logistic regression models for binary outcomes (e.g., 
obstetric outcomes, 30-day non-delivery readmission rate, 
and surgical complications). Firth bias correction was used if 

there is semi-separation issue because of data sparsity. Gen-
eralized linear regression model was used to compare LOS 
assuming it followed a negative binomial distribution and 
any complication was used in this model instead of specific 
complications since most complications were significantly 
associated with LOS. Statistical significance was set at 0.05 
and analysis was performed using SAS 9.4 (SAS Institute 
Inc., Cary, NC).

Results

Out of the 1,488,190 singleton deliveries that were identified 
from the inpatient SPARCS dataset, a total of 1,006 pregnant 
patients who underwent appendectomy for acute appendi-
citis between 2005 and 2014 formed the study cohort. 
459 (45.63%) patients underwent OA while 547 (54.37%) 
patients underwent LA. Patients of both the OA and LA 
cohorts were a median age of 27 years old. As shown in 
Table 1, there was no statistically significant difference 
between the two cohorts in terms of age, race/ethnicity, 
state region, or alcohol and tobacco use. LA was more likely 
to be performed at academic centers (60.23% vs 48.16%; 
p < 0.0001) while OA was more likely to be performed at 
community centers (51.84% vs 39.77%; p < 0.0001).

Clinical information pertaining to the patients’ comor-
bidities, type of appendicitis, trimester, LOS, surgical com-
plications, and 30-day non-delivery readmission is shown in 
Table 2. Apart from hypothyroidism, rheumatoid arthritis, 

Table 1  Comparison of patients’ characteristics by undergoing laparoscopic appendectomy or open appendectomy

Note For continuous variable, median ± IQR were reported
*For categorical variables, p values were based on Chi-squared test with exact p value from Monte Carlo simulation; for continuous variable, p 
value was based on Wilcoxon rank sum test

Variable Level Total (N = 1006) Laparoscopic (N = 547) Open (N = 459) p value*

Patients’ characteristics
 Age (continuous) 547 vs 459 27.00 ± 9.00 27.00 ± 9.00 27.00 ± 10.00 0.9100
 Age (categorical) 18–25 408 (40.56%) 218 (39.85%) 190 (41.39%) 0.2212

26–35 474 (47.12%) 269 (49.18%) 205 (44.66%)
≥ 36 124 (12.33%) 60 (10.97%) 64 (13.94%)

 Race\ethnicity Asian, non-Hispanic 51 (5.07%) 31 (5.67%) 20 (4.36%) 0.7255
Black, non-Hispanic 119 (11.83%) 59 (10.79%) 60 (13.07%)
Hispanic 220 (21.87%) 120 (21.94%) 100 (21.79%)
Other 171 (17.00%) 92 (16.82%) 79 (17.21%)
White, non-Hispanic 445 (44.23%) 245 (44.79%) 200 (43.57%)

 Insurance Commercial 703 (69.88%) 377 (68.92%) 326 (71.02%) 0.0153
Medicaid 277 (27.53%) 148 (27.06%) 129 (28.10%)
Medicare 5 (0.50%) 4 (0.73%) 1 (0.22%)
Other or unknown 21 (2.09%) 18 (3.29%) 3 (0.65%)

 Facility type Academic 518 (51.49%) 312 (57.04%) 206 (44.88%) 0.0001
Community 488 (48.51%) 235 (42.96%) 253 (55.12%)
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and depression, both groups were not statistically different 
in respect to their comorbidities at the time of surgery. While 
a majority of the cases were classified as simple appendici-
tis, 141 (14.02%) patients were diagnosed with complicated 
appendicitis of which LA was performed in 65 (46.10%) 
patients, while OA was performed in 76 (53.90%) patients. 
Additionally, the rate of LA and OA differed between the 

trimesters with a preference for LA in the first and second 
trimester but a shift to favoring OA in the third trimes-
ter. Patients with LA had a LOS that was one day shorter 
than the OA group (median ± IQR: 2.00 ± 2.00 days versus 
3.00 ± 2.00; p < 0.0001). There were no marked differences 
in surgical complications or 30-day non-delivery related 
readmissions between the women who had their operation 

Table 2  Comparison of patients’ clinical information, comorbidities, complications by undergoing laparoscopic appendectomy or open appen-
dectomy

Note For continuous variable, median ± IQR were reported
*For categorical variables, p values were based on Chi-squared test with exact p value from Monte Carlo simulation; for continuous variable, p 
value was based on Wilcoxon rank sum test
a Any comorbidity was an overall variable with the consideration of 28 specific comorbidities: Acquired immune deficiency syndrome, Chronic 
blood loss anemia, Chronic pulmonary disease, Coagulopathy, Congestive heart failure, Deficiency Anemias, Depression, Diabetes w/chronic 
complications, Diabetes w/o chronic complications, Drug abuse, Fluid and electrolyte disorders, Hypertension, Hypothyroidism, Liver disease, 
Lymphoma, Metastatic cancer, Obesity, Other neurological disorders, Paralysis, Peptic ulcer Disease x bleeding, Peripheral vascular disease, 
Psychoses, Pulmonary circulation disease, Renal failure, Rheumatoid arthritis/collagen vas, Solid tumor w/out metastasis, Valvular disease, 
Weight loss
b Any complication was an overall variable with the consideration of 30 specific complications: Abscess, Anastomotic, atherosclerosis, bacterial 
disease, Cardiac Arrest, Cardiac Comp, Collapsed, Dehiscence, Digestive, Enteritis, Hemorrhage, HypertnC, Intestinal, LiverC, MI, Nervous, 
Phlebitis, Pneumonia, Pulmonary Edema, Pulmonary Emb, Renal Fail, Reoper Hemorrhage, RespArrest, RespFailure, Shock, Surgical error, 
Systemicinflamm, Tracheostomy, Vascular, Ventilation

Variable Level Total (N = 1006) Laparoscopic (N = 547) Open (N = 459) p value*

Clinical information
 Appendicitis Complicated 141 (14.02%) 65 (11.88%) 76 (16.56%) 0.0334

Simple/other 865 (85.98%) 482 (88.12%) 383 (83.44%)
 Days from appendectomy to delivery 547 vs 459 161.00 ± 110.00 178.00 ± 100.00 136.00 ± 117.00  < 0.0001
 Trimester 1-st trimester 395 (39.26%) 262 (47.90%) 133 (28.98%)  < 0.0001

2-nd trimester 416 (41.35%) 234 (42.78%) 182 (39.65%)
3-rd trimester 195 (19.38%) 51 (9.32%) 144 (31.37%)

 LOS 547 vs 459 2.00 ± 2.00 2.00 ± 2.00 3.00 ± 2.00  < 0.0001
 Inpatient or outpatient Inpatient 988 (98.21%) 531 (97.07%) 457 (99.56%) 0.0025

Outpatient 18 (1.79%) 16 (2.93%) 2 (0.44%)
 30-day non-delivery readmission No 972 (96.62%) 531 (97.07%) 441 (96.08%) 0.3836

Yes 34 (3.38%) 16 (2.93%) 18 (3.92%)
Comorbidities at appendectomy
 Any  comorbiditya Yes 252 (25.05%) 146 (26.69%) 106 (23.09%) 0.1897
 Hypertension Yes 15 (1.49%) 8 (1.46%) 7 (1.53%) 0.9350

Chronic pulmonary disease Yes 59 (5.86%) 33 (6.03%) 26 (5.66%) 0.8044
 Hypothyroidism Yes 27 (2.68%) 23 (4.20%) 4 (0.87%) 0.0011
 Rheumatoid arthritis/collagen vas Yes 6 (0.60%) 6 (1.10%) 0 (0.00%) 0.0355
 Coagulopathy Yes 15 (1.49%) 10 (1.83%) 5 (1.09%) 0.3355
 Obesity Yes 28 (2.78%) 17 (3.11%) 11 (2.40%) 0.4945
 Fluid and electrolyte disorders Yes 61 (6.06%) 31 (5.67%) 30 (6.54%) 0.5653

Complications of appendectomy
 Any  complicationb Yes 85 (8.45%) 40 (7.31%) 45 (9.80%) 0.1570
 Abscess Yes 1 (0.10%) 1 (0.18%) 0 (0.00%) 1.0000
 Bacterial disease Yes 43 (4.27%) 21 (3.84%) 22 (4.79%) 0.4563
 Digestive Yes 16 (1.59%) 6 (1.10%) 10 (2.18%) 0.1719
 Intestinal Yes 21 (2.09%) 7 (1.28%) 14 (3.05%) 0.0504
 Pneumonia Yes 10 (0.99%) 3 (0.55%) 7 (1.53%) 0.2032
 Surgical error Yes 2 (0.20%) 0 (0.00%) 2 (0.44%) 0.1987
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using the laparoscopic or open approach. Only 34 (3.38%) 
patients had to be readmitted to the hospital following their 
initial appendectomy for a non-delivery reason of which 16 
(47.06%) had a LA and 18 (52.94%) had an OA.

Table 3 highlights the obstetric outcomes of OA and LA 
patients, respectively. Two broad types of obstetric out-
comes, fetal demise and composite maternal outcomes, were 
measured and stratified by type of appendectomy (LA vs 
OA) and type of appendicitis (simple vs complicated). Based 
on this classification, 3 out of 1,006 patients had fetal demise 
all occurring after LA. One (0.10%) of these patients had 
complex appendicitis while the remaining 2 (0.20%) cases 
had simple appendicitis. None of the OA cases, regardless 
of being complicated or simple appendicitis, had reported 
fetal deaths. Of note, there was no statistical difference in the 
frequency of fetal demise when comparing the two surgical 
approaches (p value = 0.255). Because of low frequency of 
fetal demise, no multivariable regression model was built 
for this outcome.

Complicated appendicitis more frequently resulted in 
at least one of the measured adverse composite maternal 
outcomes, regardless of the type of surgical approach. For 
example, in the LA group, 52.31% of patients with compli-
cated appendicitis had at least one composite maternal out-
come while 47.93% of patients with simple appendicitis had 
at least one composite maternal outcome. Similarly, in the 
OA group, 54.17% of patients with complicated appendicitis 
had at least one composite maternal outcome while 44.39% 
of patients with simple appendicitis had at least one com-
posite maternal outcome. The frequencies of the 5 specific 
maternal outcomes are further shown in Table 4.

The results of the multivariable logistic regression 
analyses to identify independent predictors of LOS, sur-
gical complications, 30-day non-delivery readmission, 
and obstetric outcomes are shown in Tables 5, 6, 7 and 8. 
Interaction between type of appendectomy and appendicitis 
(not reported in Tables 5, 6, 7 and 8) were non-significant 

in all 4 regression models. From the 4 regression mod-
els, LOS was significantly different when comparing type 
of appendectomy, appendicitis, and across the trimesters. 
Patients who underwent LA had a shorter LOS than those 
who underwent OA (ratio: 0.789, 95% CI 0.727–0.856; p 
value: < 0.001) and patients with complicated appendicitis 
had a longer LOS than those with simple appendicitis (ratio: 
1.660, 95% CI 1.501, 1.835; p value: < 0.001). Complicated 
appendicitis was also associated with an increased risk for 
surgical complications when compared to simple appendi-
citis (OR 5.680, 95% CI 3.421, 9.390; p value: < 0.0001). 
With respect to the timing of antepartum appendectomy, 
patients who underwent surgery during the first and second 
trimester both had shorter LOS than those who underwent 
surgery during the third trimester (1st trimester vs 3rd tri-
mester ratio: 0.761, 95% CI 0.683–0.848; and  2nd trimester 
vs 3rd ratio: 0.853, 95% CI 0.771–0.942; p value: < 0.0001). 
30-day non-delivery readmission was significantly different 
between trimesters with a lower likelihood for readmission 
in the first trimester when compared to the third trimester 
(OR 0.211, 95% CI 0.067–0.578; p = value: 0.0132). The 
remaining regression model for obstetric outcomes did not 
show any outcome difference among the types of surgical 
approaches, appendicitis, or trimester.

Discussion

While the safety and efficacy of LA [9–11] has been estab-
lished in the non-pregnant population, the safety and utility 
of this surgical approach in the pregnant patient remains 
controversial. Although multiple single-institution studies 
and case series with a small sample size have demonstrated 
the efficacy of this surgical approach with regards to mater-
nal and fetal outcomes [12–19], there have been system-
atic reviews, a meta-analysis, and a large population-based 
study [6, 7, 20–22] that have suggested that the laparoscopic 

Table 3  Frequency of obstetric 
outcomes by severity of 
appendicitis and surgical 
approach

Appendectomy Appendicitis Fetal demise Composite mater-
nal outcomes

Patients # % Among all 
surgical patients

Lap Complicated 0 0 31 3.08
1 33 3.28

1 1 1 0.10
Simple/other 0 0 250 24.85

1 230 22.86
1 0 1 0.10

1 1 0.10
Open Complicated 0 0 37 3.68

1 39 3.88
Simple/other 0 0 213 21.17

1 170 16.90
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approach leads to increased rates of fetal demise. To our 
knowledge, our population-based analysis utilizing the NY 
SPARCS database from 2005 to 2014 is one of the largest 
studies to date.

Our results point to an interesting dichotomy between 
the preferred surgical method when stratified by facility 
type in NY state. While academic centers performed a 
higher percentage of LA compared to the open approach, 
the inverse was true for community-based practices. One 
may attribute this difference to the two pivotal changes 

that occurred in 2009—the Affordable Care Act being 
passed into law and the American Board of Surgery’s 
incorporation of Fundamentals of Laparoscopic Surgery 
into General Surgery board certification. To understand 
if these factors possibly affected surgeons’ preference, an 
analysis looking at the interaction between surgery type 
and time period pre-2009 and post-2009 was carried out. 
As demonstrated in Table 9, the p values for this inter-
action from all four multivariable regression models are 
> 0.05 suggesting that there was no statistically significant 

Table 4  Frequency of specific maternal outcomes by severity of appendicitis and surgical approach

Appendectomy Appendicitis Antepartum 
hemorrhage

Chorioam-
nionitis

Preterm 
delivery

Sepsis Cesarean 
delivery

Patients # % Among all 
surgical patients

Lap Complicated 0 0 0 0 0 31 3.08
1 24 2.39

1 0 0 2 0.20
1 4 0.40

1 0 0 0 1 0.10
1 2 0.20

1 0 1 1 0.10
Simple/other 0 0 0 0 0 251 24.95

1 163 16.20
1 0 0 20 1.99

1 16 1.59
1 0 0 0 7 0.70

1 8 0.80
1 0 0 2 0.20

1 3 0.30
1 0 0 0 0 1 0.10

1 5 0.50
1 0 0 1 0.10

1 5 0.50
Open Complicated 0 0 0 0 0 37 3.68

1 28 2.78
1 0 0 4 0.40

1 3 0.30
1 1 1 0.10

1 1 0 0 2 0.20
1 1 0.10

Simple/other 0 0 0 0 0 213 21.17
1 128 12.72

1 0 0 16 1.59
1 13 1.29

1 0 0 0 3 0.30
1 2 0.20

1 0 1 0.10
1 0 0 0 1 4 0.40

1 0 0 1 0.10
1 1 0.10

1 0 0 0 1 0.10
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difference in surgical or obstetrical outcomes when strati-
fied by time period. A potential reason for this dichotomy 
between community and academic surgeons may be due 
to the fact that community surgeons may have perceived 

OA to be more affordable without being clinically inferior 
to LA [23]. In contrast, academic institution-based sur-
geons may have been quicker to adopt laparoscopy in preg-
nant patients due to their familiarity with the technique. 

Table 5  Multivariable regression analysis of explanatory variables for length of stay (LOS)

Note model was also adjusted for liver disease, Chronic blood loss anemia and Deficiency Anemias
*p values were based on type 3 test of generalized linear regression assuming negative binomial distribution

Variable Level Ratio with 95% CI p value*

Appendectomy Lap vs Open 0.789 (0.727, 0.856) < 0.0001
Appendicitis Complicated vs Simple/other 1.660 (1.501, 1.835) < 0.0001
Trimester 1-st trimester vs 3-rd trimester 0.761 (0.683, 0.848) < 0.0001

2-nd trimester vs 3-rd trimester 0.853 (0.771, 0.942)
Race\ethnicity Asian, non-Hispanic vs White, non-Hispanic 0.934 (0.771, 1.131) 0.0002

Black, non-Hispanic vs White, non-Hispanic 1.238 (1.101, 1.391)
Hispanic vs White, non-Hispanic 1.004 (0.906, 1.113)
Other vs White, non-Hispanic 0.894 (0.796, 1.004)

Insurance Medicaid vs Commercial 1.014 (0.929, 1.109) 0.9067
Medicare vs Commercial 1.009 (0.566, 1.799)
Other or unknown vs Commercial 0.861 (0.544, 1.361)

Inpatient or outpatient Inpatient vs Outpatient 2.629 (1.384, 4.996) 0.0011
Weight loss No vs Yes 0.473 (0.279, 0.802) 0.0114
Fluid and electrolyte disorders No vs Yes 0.692 (0.607, 0.790) < 0.0001
Any complication No vs Yes 0.687 (0.610, 0.774) < 0.0001

Table 6  Multivariable 
regression analysis of 
explanatory variables for 
obstetric outcomes

*p values were based on type 3 test of multivariable logistic regression

Variable Level Odds Ratio with 95% CI p value*

Appendectomy Lap vs Open 1.254 (0.961, 1.638) 0.0969
Appendicitis Complicated vs Simple/other 1.082 (0.739, 1.581) 0.6849
Trimester 1-st trimester vs 3-rd trimester 0.729 (0.502, 1.059) 0.0508

2-nd trimester vs 3-rd trimester 1.022 (0.712, 1.468)
Age (categorical) 18–25 vs ≥ 36 0.571 (0.375, 0.865) 0.0109

26–35 vs ≥ 36 0.536 (0.354, 0.805)
Obesity No vs Yes 0.393 (0.162, 0.885) 0.0316
Diabetes No vs Yes 0.105 (0.011, 0.444) 0.0123
Pulmonary collapse No vs Yes 0.232 (0.043, 0.855) 0.0548
Intestinal obstruction No vs Yes 0.410 (0.147, 1.034) 0.0753

Table 7  Multivariable 
regression analysis of 
explanatory variables for 
30-day non-delivery related 
readmission

Note model was also adjusted for psychoses
*p values were based on type 3 test of multivariable logistic regression

Variable Levels Odds Ratio with 95% CI p value*

Appendectomy Lap vs Open 1.117 (0.538, 2.319) 0.7617
Appendicitis Complicated vs Simple/other 0.829 (0.287, 2.095) 0.7044
Trimester 1-st trimester vs 3-rd trimester 0.211 (0.067, 0.578) 0.0132

2-nd trimester vs 3-rd trimester 0.528 (0.237, 1.169)
Pneumonia No vs Yes 0.211 (0.050, 1.220) 0.0566
LOS Unit = 1 day 1.101 (0.948, 1.239) 0.1466
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Further studies looking at the adaptation of laparoscopic 
techniques as it relates to unique populations like pregnant 
patients are needed.

When looking at the two surgical approaches in pregnant 
patients with appendicitis, our results demonstrate that the 
laparoscopic approach leads to a decreased hospital length of 
stay compared to patients undergoing open appendectomy. 
Similarly, Cheng et al. who conducted a large population-
based analysis from Taiwan’s National Health Research 
Institutes database noted a significantly longer hospital 
stay for the OA group compared to the LA group (mean: 
5.5 days vs 3.8 days) [24]. Conventional advantages to a 
shortened hospital stay seen in the non-pregnant population 

(i.e., quicker return to daily-activities, reduced immobiliza-
tion, and decreased cost) can also be applied to the preg-
nant population. Additionally, we found other factors that 
could affect a pregnant woman’s LOS after appendectomy, 
including the severity of appendicitis and timing of opera-
tion. Patients with complicated appendicitis (i.e., perfora-
tion, abscess, fecal peritonitis, etc.) had a longer hospital 
stay, regardless of surgical approach. And, LOS increased 
as the patient’s gestational age increased. Compared to first 
and second trimester patients, third trimester patients are 
often kept under extended periods of observation to monitor 
for signs of preterm labor or other complications which may 
explain this trend.

Table 8  Multivariable 
regression analysis of 
explanatory variables for 
surgical complications

Note model was also adjusted for chronic blood loss anemia and deficiency anemias
*p values were based on type 3 test of multivariable logistic regression

Variable Levels Odds Ratio with 95% CI p value*

Appendectomy Lap vs Open 0.924 (0.564, 1.517) 0.7525
Appendicitis Complicated vs Simple/other 5.680 (3.421, 9.390) < 0.0001
Trimester 1-st trimester vs 3-rd trimester 0.645 (0.340, 1.223) 0.2753

2-nd trimester vs 3-rd trimester 0.638 (0.352, 1.160)
Fluid and electrolyte 

disorders
No vs Yes 0.374 (0.192, 0.757) 0.0053

Table 9  Multivariable regression model results checking the interaction term between appendectomy surgery type and year for clinical and 
obstetrical outcomes

a Results were based on type 3 test of multivariable logistic regression adjusting for appendicitis, trimester, race\ethnicity, insurance, inpatient or 
outpatient status, liver disease, weight loss, fluid and electrolyte disorders, chronic blood loss anemia, deficiency anemias and any complication
b Results  were  based  on  type  3  test  of  multivariable  logistic  regression adjusting for appendicitis, trimester, age, obesity, diabetes, collapsed, 
intestinal
c Results were based on type 3 test of multivariable logistic regression adjusting for appendicitis, trimester, psychoses, pneumonia and LOS
d Results  were  based  on  type  3  test  of  multivariable  logistic  regression adjusting for appendicitis, trimester, fluid and electrolyte disorders, 
chronic blood loss anemia and deficiency anemias

Outcome Variable Levels Ratio with 95% CI p value

LOSa Appendectomy surgery type × year Year > 2009 vs ≤ 2009 at type = Lap 0.901 (0.803, 1.01) 0.1692
Year > 2009 vs ≤ 2009 at type = Open 1.012 (0.898, 1.141)
Lap vs Open at year ≤ 2009 0.833 (0.752, 0.924)
Lap vs Open at year > 2009 0.742 (0.648, 0.849)

Obstetric  outcomeb Appendectomy surgery type × year Lap vs Open at year > 2009 1.499 (0.950, 2.376) 0.3068
Lap vs Open at year ≤ 2009 1.121 (0.802, 1.567)
Year > 2009 vs ≤ 2009 at type = Lap 1.168 (0.830, 1.646)
Year > 2009 vs ≤ 2009 at type = Open 0.874 (0.563, 1.349)

30-day non-delivery-
related  readmissionc

Appendectomy surgery type × year Lap vs Open at year > 2009 0.749 (0.251, 2.340) 0.3912
Lap vs Open at year ≤ 2009 1.375 (0.525, 3.470)
Year > 2009 vs ≤ 2009 at type = Lap 0.869 (0.316, 2.372)
Year > 2009 vs ≤ 2009 at type = Open 1.595 (0.560, 4.175)

Any  complicationd Appendectomy surgery type × year Lap vs Open at year > 2009 0.569 (0.257, 1.279) 0.1241
Lap vs Open at year ≤ 2009 1.238 (0.661, 2.305)
Year > 2009 vs ≤ 2009 at type = Lap 0.689 (0.345, 1.356)
Year > 2009 vs ≤ 2009 at type = Open 1.498 (0.713, 3.033)
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Interestingly, when the type of surgical method was strati-
fied by trimester, there was a statistically significant shift from 
utilizing the laparoscopic approach in the first and second 
trimesters to favoring an open approach in the third trimester. 
This trend can be explained in part by three major concerns 
with the laparoscopic approach and its utility in later trimes-
ters. They include the gravid uterus, increased intraabdomi-
nal pressure resulting in decreased venous return, and fetal 
acidosis during carbon dioxide pneumoperitoneum [25]. A 
larger gravid uterus, especially in the later trimesters of preg-
nancy, increases the risk of uterine injury when inserting the 
insufflating needle without visualization [26]. To ameliorate 
this, a Veress needle can be inserted under the guidance of 
ultrasound visualization or be placed at an alternative site 
(e.g., Palmer Point) to the conventional periumbilical position 
[25]. Next, critics claim that the pneumoperitoneum created 
for visualization compromises venous return and maternal 
cardiac output. This obstacle can be addressed by placing the 
patient in a Trendelenburg or left lateral decubitus position to 
increase venous return while also maintaining intraabdominal 
pressures below 15 mmHg [25]. With regards to the adverse 
effect of fetal acidosis following maternal  CO2 absorption, 
studies have demonstrated that laparoscopy has little effect 
on the acid–base status of maternal blood [27]. Furthermore, 
in animal studies, there were no reported adverse effects in 
the fetuses of pregnant ewes that were insufflated with  CO2 
to pressures as high as 10–12 mmHg [28].

In fact, our results suggest that surgical complications 
resulting from appendectomy in pregnancy are not due 
to the surgical approach or timing of antepartum opera-
tion. Rather, surgical complications arise based on the 
complexity of the patient’s underlying illness. Those with 
complicated appendicitis had over a fivefold greater like-
lihood to have a surgical complication than those with 
simple appendicitis. This can possibly be explained by the 
unique challenges that an appendiceal perforation, abscess 
formation, or fecal peritonitis pose intraoperatively as the 
dissection planes become distorted by extensive inflam-
mation or the ensuing infectious complications that arise 
in the post-operative period.

An important consideration for selecting a surgical 
approach in the pregnant population is accounting for 
both maternal and fetal outcomes mentioned above. While 
McGory et al. report a significantly higher fetal loss follow-
ing LA versus the open approach, the reported fetal out-
comes in their study were limited to the same hospitalization 
as the appendectomy. As a result, their study fails to account 
for fetal outcomes that occurred following hospitalization 
for appendectomy or during a readmission. Consequently, 
many of the systematic reviews that concluded LA leads to 
higher rates of fetal loss were dominated by the large sample 
size of McGory et al.’s study. Remarkably, if this study was 
excluded from Wilasrusmee et al.’s pooled analysis, then 

the association between laparoscopic appendectomy and 
fetal demise ceased to exist [22]. Fetal demise is also higher 
in early trimesters of pregnancy, when the laparoscopic 
approach is favored [29, 30]. This may confound analysis 
in these studies. In our study, there were 3 reported cases 
of fetal demise in all pregnant patients undergoing appen-
dectomy in NY State from 2005 to 2014. Each of the three 
cases of fetal demise occurred following laparoscopic appen-
dectomy in a different trimester. Notably, surgical approach 
was not statistically associated with fetal demise. Since the 
laparoscopic approach only decreased hospital LOS but did 
not increase the risk of fetal demise, adverse obstetrical and 
surgical outcomes, or 30-day non-delivery related readmis-
sions, we demonstrate that LA offers a marginal advantage 
over the OA.

Our study has several limitations that are inherent to the 
NY SPARCS database. First, since our data is limited to 
pregnant women undergoing appendectomy in New York, 
our results cannot be generalized to other geographic areas. 
Next, diagnostic and procedural codes were utilized to query, 
exclude, and extract pertinent patient information from the 
state database. For example, those patients who were coded 
as being an incidental appendectomy, appendectomy for 
chronic appendicitis, or malignancy were excluded. Patients 
who were coded as having “other appendicitis” were catego-
rized into the simple appendicitis group. Consequently, the 
procedural and diagnostic codes could have been miscoded, 
thereby potentially underestimating both frequency of com-
plicated appendicitis and patients undergoing OA or LA. An 
inherent limitation to any large population database study 
is the inability to understand unique patient circumstances 
surrounding a fetal demise which an in-depth chart review 
affords. Future studies are needed to unearth clinical infor-
mation (e.g., physical exam, gestational age, pre-existing 
fetal anomalies or abnormalities) that may explain cases 
of fetal demise and surgical complications. Despite these 
limitations, our population-based study is one of the largest 
sample size studies investigating both surgical and obstetri-
cal outcomes following appendectomy in pregnant patients 
during the laparoscopic era. In addition, the NY SPARCS 
database allowed us to collect a large amount of patient data 
that would otherwise be unattainable.

While many studies have demonstrated the safety pro-
file that laparoscopy affords in pregnant patients requiring 
appendectomy, systematic reviews and studies with large 
sample sizes have called the safety of LA into question. Our 
study shows that while 3 cases of fetal demise did occur in 
the LA group, this finding was not statistically significant. In 
addition to fetal outcomes, there was no difference between 
LA and OA in terms of surgical complications, maternal 
outcomes (i.e., antepartum hemorrhage, chorioamnionitis, 
sepsis, cesarean delivery, preterm delivery), and 30-day 
non-delivery readmission rates. Rather, the severity of the 
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underlying pathology played a greater role in surgical com-
plications. Ultimately, these findings combined with the data 
that LA leads to a shorter hospital stay than OA supports 
current SAGES guidelines that laparoscopic appendectomy 
is the treatment of choice for pregnant patients with acute 
appendicitis [5].
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