
Surgery Open Science 2 (2020) 140–146

Contents lists available at ScienceDirect

Surgery Open Science

j ourna l homepage: https : / /www. journa ls .e lsev ie r .com/surgery -open-sc ience
Morbidity and mortality after general surgery in heart and lung
transplant patients
Alek Zywot, MD, MPHa, Amber L. Turner, MPHb,⁎, Joanna Sesti, MDa,b, Russell C. Langan, MDb,d,
Andrew Nguyen, MDa,c, Andreas R. de Biasi, MDe, Siva Raja, MD, PhD f,
Usman Ahmad, MD f,g, Subroto Paul, MD, MPHa,b,c

a Thoracic Surgical Services, RWJBarnabas Health, Saint Barnabas Medical Center, West Orange, NJ
b Department of Surgery, RWJBarnabas Health, Saint Barnabas Medical Center, Livingston, NJ
c Department of Surgery, Rutgers New Jersey Medical School, Newark, NJ
d Department of Surgical Oncology, Rutgers Cancer Institute of New Jersey, New Brunswick, NJ
e Department of Cardiothoracic Surgery, Stanford University, Stanford, CA
f Department of Thoracic and Cardiovascular Surgery, Heart and Vascular Institute, Cleveland Clinic, Cleveland, OH
g Transplantation Institute, Cleveland Clinic, Cleveland, OH
⁎ Corresponding author at: Department of Surgery, RWJ
Medical Center, 94 Old Short Hills Rd, Livingston, NJ 0703
+1 973 322 8565.

E-mail address: Amber.Turner@rwjbh.org (A.L. Turner

https://doi.org/10.1016/j.sopen.2019.12.001
2589-8450/© 2020 The Author(s). Published by Elsevier I
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 9 September 2019
Received in revised form 23 December 2019
Accepted 30 December 2019
Available online 11 January 2020
Background: Heart and lung transplant patients can develop conditions necessitating general surgery
procedures. Their postoperative morbidity and mortality remain poorly characterized and limited to case series
from select centers.
Methods: The National Inpatient Sample (1998–2015) was used to identify 6433 heart and 3015 lung transplant
patient admissions for general surgery procedures. For a comparator group, we identified 23,764,164
nontransplant patient admissions for the same procedures. Patient morbidity andmortality after general surgery
were compared between transplant patients and nontransplant patients. Data were analyzedwith frequency ta-
bles, χ2 analysis, and a mixed-effects multivariate regression.
Results: Overall mortality was higher and length of stay longer in the transplant group compared to the
nontransplant group. Analysis revealed that hospital size and comorbidities were predictors of mortality for pa-
tients undergoing certain general surgery procedures. Transplant status alone did not predict mortality.
Conclusion: Our findings demonstrate that heart and lung transplant patients, compared to nontransplant pa-
tients, have more complications and a higher length of stay after certain general surgery procedures.

© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
1. BACKGROUND

Heart and lung transplantation has become the standard of care for
many eligible patients with end-stage cardiac and pulmonary disease
[1,2]. Transplantation rates are now mainly limited by the availability
of suitable donor organs. Long-termoutcomes have improved as centers
have accumulated expertise in managing immediate postoperative
complications of transplantation as well as the long-term sequela of
chronic rejection with the improved immunosuppression [1].

Heart and lung transplant recipients will often need extra surgical
procedures. The morbidity and mortality of common general surgery
procedures such as appendectomy, cholecystectomy, hernia repair,
and colon and small bowel resection in this patient population are not
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well known. Lung andheart transplant patientsmay travel to select cen-
ters for transplantation but might require general surgery in their more
immediate hospitals. As studies have been limited to case series from
select centers [3,4], we sought to better characterize the outcomes of
heart and lung transplant patients who undergo general surgery by ex-
amining a national database.

2. METHODS

2.1. Data Source. The Nationwide Inpatient Sample (NIS) database is
currently the largest database of all-payer inpatient data [5]. The data-
base is a stratified sample of approximately 20% of US hospitals and con-
tains information on more than 8 million hospital stays per year. This
large sample size represents roughly 95% of all hospital discharges and
enables analysis of specific patient populations [5].

NIS obtains inpatient data from hospital discharge abstracts and bill-
ing records and is able to provide patient demographics, hospital length
of stay (LOS), morbidity, in-hospital mortality, and inpatient diagnosis
er the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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and procedure codes using the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM). The database also pro-
vides samplingweights that allow calculation of national estimates. Ap-
proval for the use of the NIS data in this study was obtained from the
Healthcare Cost and Utilization Project (HCUP) [5].
Fig 1. CONSORT flow diagra
2.2. Study Population. Using the NIS database from 1998 through 2015
Q3 (NIS transitioned from ICD-9 to ICD-10 in Q3), all inpatient hospital
encounters for patients undergoing a general surgery procedure, re-
gardless of transplant status, were extracted [5]. These encounters
were then stratified by transplant status into “transplant” (heart or
m for patient selection.



Table 1
Demographics by heart and lung transplant status undergoing procedures to those
without⁎

Nontransplant Heart
Transplant

Lung
Transplant

N = 23,764,164 N = 6397 P N = 2990 P

Age, y b .001 b .001
18–44 8,274,199 35% 731 11% 649 22%
45–64 7,698,038 32% 3127 49% 1568 52%
65–84 6,715,845 28% 2515 39% 773 26%
85+
Sex

1,047,441 4% 20 0%
b .001

0 0%
b .001

Male 9,032,674 38% 4844 76% 1505 50%
Female 14,654,189 62% 1538 24% 1485 50%
Race b .001
White 13,670,534 58% 4309 67% 2121 71%
African American 2,100,073 9% 492 8% 137 5%
Hispanic 2,360,564 10% 297 5% 102 3%
Other
Primary payer

1,104,103 5% 180 3%
b .001

50 2%
.002

Medicare 7,962,637 34% 3919 61% 1569 52%
Medicaid 2,462,756 10% 348 5% 199 7%
Private insurance 10,888,340 46% 1948 30% 1159 39%
Self-pay 1,471,160 6% 29 0% 19 1%
No charge 148,321 1% 15 0% 0 0%
Other
Income quartile for
ZIP code

770,432 3% 139 2%
.195

42 1%
.042

First quartile 4,623,494 19% 1105 17% 484 16%
Second quartile 6,011,823 25% 1625 25% 674 23%
Third quartile 6,028,947 25% 1595 25% 804 27%
Fourth quartile 6,569,344 28% 1965 31% 988 33%
Hospital region .503 .378
Northeast 4,587,013 19% 1285 20% 559 19%
Midwest 5,156,496 22% 1611 25% 851 28%
South 9,056,758 38% 2150 34% 1002 34%
West
Elective admission

4,963,897 21% 1351 21%
.098

577 19%
.311

Nonelective surgery 14,090,102 59% 3627 57% 1725 58%
Elective surgery 9,000,795 38% 2589 40% 1206 40%

⁎ Numbers less than 10 were excluded.
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Fig 2. Number of heart and lung transplant patients undergoing elective procedures per
year (1998–2015).
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lung transplant) and “nontransplant” cohorts. Admissions under the age
of 18 years, with incomplete data, those who had a cardiac assist device,
both a heart and lung transplant, or who underwent a transplant proce-
dure during the admission were excluded from analysis. Additionally, if
during analysis a sampling stratum contained only 1 sampling unit, it
was excluded. A CONSORT diagram demonstrates how the study popu-
lation was derived (Fig 1).

Diagnosis and procedural codes were selected using the ICD-9-CM.
Transplant status was identified using diagnosis codes V42.1 (heart
transplant) and V42.6 (lung transplant). Procedures considered “gen-
eral surgery procedures” included appendectomies, cholecystectomies,
inguinal hernia repairs, small bowel resections, and large bowel resec-
tions. For a comparator group, patient admissions for the same proce-
dures in a nontransplant group (excludes all solid organ transplant
including heart, lung, kidney, liver, small bowel) were also identified.
Both open and laparoscopic procedures were included except for ingui-
nal hernia repairs, which included only open procedures. Appendix A
lists all ICD-9-CM codes used.

2.3. Outcome Variables. Patient demographics extracted included age,
sex, ethnicity, household income quartile, insurance status, and dis-
charge disposition. Baseline comorbidities were identified using the
Elixhauser classification system [6]. Primary outcome measures in-
cluded the postsurgical mortality, postsurgical morbidity, and hospital
length of stay for nontransplant, heart transplant, and lung transplant
patients undergoing the same procedures. We performed pairwise
comparisons between the nontransplant cohort and either the heart
or lung transplant cohort. Postsurgical mortalitywas defined as a patient
who died after surgery but before being discharged from the hospital
because the NIS database does not include any readmission or
postdischarge information. Postsurgical morbidity was defined using
select using codes from the ICD-9-CM and categorized as either a car-
diac, pulmonary, operative, or infectious complication. Secondary out-
comes were length of time in days between admission and surgery
andwhether a delay, defined as time greater thanmedian time from ad-
mission to surgery, was associated with increased morbidity or
mortality.

2.4. Statistical Analysis. Analyses were performed with raw numbers
and weighted by sampling hospitals and strata to reflect national aver-
ages [7]. Binary and categorical variables were compared using the
likelihood-ratio test statistic for proportions, which was corrected for
survey design using the second-order Rao and Scott correction [8]. Con-
tinuous variables were compared using 2-sample t tests with unequal
variance. A multivariate logistic regression with multiple comparisons
correction was used to derive factors and their relative weight on post-
surgical mortality. Independent variables used for risk adjustment in-
cluded demographics (age, sex, and ethnicity), hospital size, and
Elixhauser comorbidities.

Categorical variables are reported as weighted counts and percent-
ages, whereas continuous variables are reported as ranges or means/
medians. Per NIS guidelines, values that contain counts of 10 or fewer
were omitted [5]. A P value of b .05 was considered statistically signifi-
cant. All reported P values are 2-sided.

Statistical analysis of categorical variables was performed using χ2

tests, and cohort comparison was performed using t tests and analysis
of variance. All data analyseswere performed using STATA v.14 (College
Station, TX) [9].

3. RESULTS

3.1. Demographics and Frequency of Procedures. A total of 313,770
hospital encounters with existing transplants were identified spanning
from 1998 to 2015, 222,264 admissions with an existing heart trans-
plant and 91,507 with an existing lung transplant. From the original
sample, 9448 admissions were identified having undergone a general
surgery procedure, 6433 heart transplant admissions, and 3015 lung
transplant admissions. We also identified 23,764,164 patient admis-
sions for the same procedures in a nontransplant group for comparison.

Heart and lung transplant admission demographics differed signifi-
cantly from the majority of nontransplant admissions demographics
(Table 1). Transplant patients undergoing general surgery procedures
were often older (mean age of 57 years transplant vs 51 years
nontransplant) and of male sex (68% transplant vs 40% nontransplant).
They were also primarily white (81% vs 70% nontransplant), and a ma-
jority were Medicare recipients (58% vs 31% nontransplant).



Table 2
Specific general surgery procedures performed and overall outcomes⁎

Nontransplant Heart Transplant Lung Transplant

N = 23,764,164 N = 6397 P N = 2990 P

Number of procedures b .001 b .001
1 6,833,681 29% 1332 21% 620 21%
2 5,766,441 24% 1444 23% 644 22%
3–5 6,605,777 28% 1780 28% 882 29%
5–10 3,997,868 17% 1558 24% 731 24%
10 or more 560,396 2% 284 4% 112 4%
Procedure type
Inguinal/femoral hernia repair 717,873 3% 603 9% b .001 68 2% .290
Cholecystectomy 7,342,580 31% 2415 38% b .001 1122 38% .002
Appendectomy 4,586,879 19% 536 8% b .001 325 11% b .001
Small bowel resection 1,221,542 5% 430 7% .015 181 6% .305
Colorectal resection 4,506,494 19% 1207 19% .924 755 25% b .001
Laparoscopy (GI only) 479,705 2% 187 3% .028 70 2% .562
Exploratory laparotomy 929,538 4% 291 5% .307 59 2% .011
Lysis of peritoneal adhesions 3,979,553 17% 730 11% b .001 410 14% .058
Length of stay, d b .001
7 or more 6,909,269 29% 2637 41% 1282 43%
30 or more
Median length of stay

494,967
4 days

2% 366
6 days

6%
b .001

141
6 days

5%
b .001

Disposition of patient b .001 b .001
Routine 19,033,478 80% 4622 72% 2106 70%
Transfer to short-term hospital 161,573 1% 113 2% 68 2%
Transfer to different facility 1,895,615 8% 516 8% 183 6%
Home health care 2,082,234 9% 879 14% 496 17%
Against medical advice 34,078 0% 15 0% 0 0%
Expired 544,811 2% 248 4% b .001 137 5% b .001

⁎ Numbers less than 10 were excluded.
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General surgery procedures remained relatively constant for heart
transplant patients from 1998 to 2015 but steadily increased for lung
transplant patients (Fig 2). The majority of both heart and lung trans-
plant patients underwent general surgery procedures as nonelective
cases (57% and 58%, respectively). The most common general surgery
procedures in heart and lung transplant patients were cholecystectomy
(38%, 38%), colorectal resection (19%, 25%), and lysis of peritoneal adhe-
sions (11%, 14%) (Table 2). While admitted in the hospital, heart and
lung transplant patients undergoing general surgery procedures had
more than 1 procedure compared to the nontransplant group.

3.2. Outcomes of Specific Procedures. Although most patients were
discharged home after surgery, transplant patients had lower rates
than nontransplant patients (Table 2). Mortality rates were higher in
the heart and lung transplant patients compared to the nontransplant
group (4% vs 2%, P b .001 and 5% vs 2%, P b .001 mortality, respectively).
Overall complication rates for all general surgeries had greater variabil-
ity. Heart transplants had the lower rate of total complications, whereas
lung transplants had the highest (9% heart transplant, 13% lung trans-
plant, 11% nontransplant). Disparities also existed between the groups
for length of stay. Transplant patients were more likely to have longer
median LOS in the hospital (6 days for both heart and lung transplant
patients) versus nontransplant patients (4 days, P b .0001, Table 2).
There were also more heart and lung transplant patients who had
prolonged length of stay of 30 days or more than nontransplant
patients.

Examining specific surgical procedures, small bowel resections had
the highest complication rates overall (N45%) for both transplant and
nontransplant patients (Table 3). Transplant patients who had either a
cholecystectomy or appendectomy also had higher complication rates.
Pulmonary and cardiac specific complications were significantly higher
in heart and lung transplant patients versus nontransplant patients in
those patients undergoing cholecystectomy, appendectomy, and colo-
rectal resection. Heart transplant patients who had an appendectomy
had a 3% operativemortality compared to 1% for nontransplant patients,
P = .002. Transplant and nontransplant patients had a similar
complication profile after hernia repair, with heart transplant patients
having fewer cardiac complications than nontransplant patients (6%
vs 15%, P= .003). Compared to nontransplant and heart transplant pa-
tients, lung transplant patients had significantly higher complications
(cardiac, pulmonary, and infectious) as well as prolonged length of
stay after a lysis of adhesions procedure (Table 3).

3.3. Correlation Between Time From Admission to Operative Proce-
dure and Predictors of Mortality. We determined the median time
from admission to surgery for 4 select procedures for nontransplant pa-
tients, heart, and lung transplant patients (median time nontransplant,
heart transplant, lung transplant), respectively: cholecystectomy (1, 1,
1 day), appendectomy (0, 0, 0 day), small bowel resection (1, 1,
1 day), and colorectal resection (0, 1, 0 day). Delay in surgery was de-
fined as a surgery that occurred after the median time to surgery for
that specific procedure. As shown in Table 4, mortality was only in-
creased in patients undergoing small bowel resection whose surgery
was delayed greater than the median time determined. Multivariable
logistic regression using comorbidities, age, hospital size, and transplant
status revealed that hospital size and comorbidities were predictors of
mortality for patients undergoing cholecystectomy, appendectomy,
small bowel resection, and colorectal resection. Transplant status was
not found to be a predictor (Table 5).

4. DISCUSSION

Improved immunosuppressivemedications and continuedexperience
in transplantation have resulted in heart and lung transplant recipients
living longer. With improved survival, heart and lung transplant patients
are at higher risk of being inflicted with conditions that require general
surgery [10,11]. Although the index general surgery operation may not
necessarily differ between immunocompetent and immunocompro-
mised patients, the ability of transplant patients to recover from compli-
cations is limited. Smith et al showed that, in lung transplant patients
requiring abdominal surgery, time to surgery of longer than 6 days ap-
peared to be associatedwithmortality [12]. Our goalwas to find guidance



Table 3
Outcomes for specific general surgery procedures

Nontransplant Heart Transplant P Lung Transplant P

Inguinal/femoral hernia repair
Any complication 180,598 25% 114 19% .094 20 29% .734
Cardiac complications 110,402 15% 34 6% .003 11 16% .976
Pulmonary complications 50,752 7% 38 6% .711 ⁎
Operative complications 13,206 2% 10 2% .836 0 0% .634
Infectious complications 46,391 6% 52 9% .300 ⁎
Expired
Median LOS

13,522
3 d

2% ⁎
3 d .731

⁎
3 d .302

Cholecystectomy
Any complication 1,473,291 20% 651 27% b .001 290 26% .039
Cardiac complications 585,719 8% 201 8% .796 139 12% .017
Pulmonary complications 502,252 7% 297 12% b .001 108 10% .118
Operative complications 170,695 2% 95 4% .015 28 3% .815
Infectious complications 571,722 8% 240 10% .062 79 7% .763
Expired 87,173 1% 42 2% .220 10 1% .749
Median LOS 3 d 4 d b .001 5 d b .001

Appendectomy
Any complication 552,752 12% 146 27% b .001 102 31% b .001
Cardiac complications 154,931 3% 33 6% .098 20 6% .205
Pulmonary complications 208,668 5% 75 14% b .001 48 15% b .001
Operative complications 70,100 2% ⁎ 15 5% .040
Infectious complications 236,122 5% 69 13% b .001 33 10% .061
Expired 23,327 1% 14 3% .002 0 0% .578
Median LOS 2 d 5 d b .001 5 d b .001

Small bowel resection
Any complication 568,532 47% 197 46% .891 84 46% .974
Cardiac complications 96,070 8% 42 10% .137 35 19% .612
Pulmonary complications 228,671 19% 82 19% .938 30 17% .748
Intraoperative complications 113,350 9% 32 7% .540 15 8% .814
Infectious complications 282,281 23% 97 23% .916 30 17% .357
Expired 103,935 9% 53 12% .212 25 14% .260
Median LOS 9 d 10 d .867 10 d .953

Colorectal resection
Any complication 1,446,934 32% 419 35% .360 325 43% .001
Cardiac complications 601,635 13% 125 10% .168 157 21% .007
Pulmonary complications 552,335 12% 211 17% .012 118 16% .204
Intraoperative complications 190,983 4% 58 5% .694 30 4% .840
Infectious complications 591,078 13% 182 15% .348 144 19% .032
Expired 182,659 4% 76 6% .061 67 9% .001
Median LOS 7 d 9 d b .001 9 d .015

Laparoscopy (GI only)
Any complication 163,104 34% 95 51% .013 38 54% .105
Cardiac complications 55,978 12% 10 5% .218 10 14% .814
Pulmonary complications 70,958 15% 48 26% .076 14 20% .533
Intraoperative complications 25,192 5% 10 5% .964 ⁎
Infectious complications 67,591 14% 53 28% .007 24 35% .033
Expired 69,014 14% 34 18% .556 15 21% .444
Median LOS 6 d 9 d .001 10 d .386

Exploratory laparotomy
Any complication 144,930 16% 52 18% .659 20 34% .059
Cardiac complications 42,781 5% 18 6% .531 10 17% .027
Pulmonary complications 49,897 5% ⁎ 10 17% .085
Intraoperative complications 37,116 4% 0 0% .206 0 0% .507
Infectious complications 46,734 5% 33 11% .027 ⁎
Expired 9232 1% ⁎ 0 0% .745
Median LOS 2 d 4 d .001 6 d .112

Lysis of peritoneal adhesions
Any complication 815,344 20% 196 27% .057 147 36% .001
Cardiac complications 234,172 6% 72 10% .042 50 12% .022
Pulmonary complications 296,978 7% 75 10% .202 63 15% .004
Intraoperative complications 223,987 6% 28 4% .312 15 4% .417
Infectious complications 285,379 7% 72 10% .185 57 14% .014
Expired 58,171 1% 14 2% .680 14 3% .127
Median LOS 3 d 7 d b .001 6 d b .001

⁎ Numbers less than 10 were excluded.
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on whether these patients should be transferred to tertiary care facilities
for their general surgical care or if their acute issues could be dealt locally,
avoiding unnecessary travel and delay in treatment. Our study is the first
to use a population-based analysis to determine outcomes after such pro-
cedures. Our findings are more generalizable than those of previous case
series that only report findings from select centers.



Table 4
Correlation of delay in surgery with outcomes

Total Cases Mortality Mortality % P

Cholecystectomy
No transplant 2,227,760 23,026 1.03%
Heart 821 19 2.31% .097
Lung 375 0 0.00% .443
Appendectomy
No transplant 588,623 1931 0.33% -
Heart 79 0 0.00% .830
Lung 44 0 0.00% .865
Small bowel resection
No transplant 281,088 27,708 9.86%
Heart 103 34 33.01% .000
Lung 41 16 39.02% .008
Colorectal resection
No transplant 1,359,171 97,439 7.17%
Heart 370 43 11.62% .258
Lung 297 35 11.78% .957
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4.1. Major Findings. We found that heart and lung transplant patients
constitute an older subgroup of general surgical patients. These patients
also undergo more than 1 procedure while admitted and often have a
prolonged length of stay, consistent with transplant patients having
more comorbidities [13]. Our study shows that some procedures such
an inguinal/femoral hernia repair can by performed safely in either popu-
lation. For small bowel resections, the outcomes are similar in transplant
and nontransplant populations unless there is a delay to surgery. Prior
studies have demonstrated that conditionswarranting small bowel resec-
tion are complex and carry excessmorbiditywhether or not immunosup-
pression and transplantation are involved [14]. Results from our study
show that for other procedures such as appendectomies, cholecystecto-
mies and abdominal exploration, there is considerable morbidity in
heart and lung transplant patients.

Higher morbidity and greater number of operations required for
similar diagnosis suggest the higher complexity of similar abdominal
problems in thoracic transplant patients. This may not necessarily be a
function of their prevalent level of immunosuppression but more likely
is a function of cumulative effect of immunosuppression over the life-
time of the transplant. Managing the same disease process in a trans-
plant patient may require one to lean toward being more conservative
and choose early operative intervention as opposed to percutaneous
temporization interventions. Similarly, intraoperatively, in our practice,
we have noticed that surgeons take a more conservative approach in
transplant patients, such as use of nonabsorbable sutures for fascial
Table 5
Multivariable predictors of mortality

Predictors Odds Ratio 95% CI

Transplant Status 0.98 0.69–1.39
Age 1.05 1.05–1.05
Race 1.00 0.99–1.01
Female sex 0.85 0.84–0.87
Hospital bed status 1.12 1.09–1.15
Congestive heart failure 2.09 2.05–2.14
Chronic lung condition 1.27 1.24–1.30
Coagulopathy 4.06 3.95–4.17
Diabetes 0.91 0.86–0.95
Hypertension 0.42 0.41–0.43
Liver disease 2.56 2.49–2.63
Electrolyte abnormalities 2.92 2.85–2.98
Obese 0.55 0.53–0.57
Peripheral vascular disease 2.17 2.11–2.23
Pulmonary circulation disorders 1.53 1.46–1.60
Renal failure 1.77 1.70–1.84
Weight loss 1.74 1.69–1.79
closure and greater use of alimentary tract diversion rather than primar-
ily reestablishing continuity. Prior experience in managing this patient
group could be invaluable when facing such a presentation.

4.2. Limitations and Strengths.We recognize that there are several lim-
itations to our retrospective data set analysis. Our study is limited to only
short-term inpatient outcomes, and postdischarge outcomes such as re-
admission are not known. The study encompasses 17 years, in which
practices may have changed. Because of the small sample size, it was
not possible to examine the impact of minimally invasive surgical tech-
niques or volume outcome relationships. Additional factors, such as the
specialty training and board certification of the operating surgeon, are
not known within the NIS data set, which may be an important determi-
nant of quality of care.We also found that transplant statuswas not an in-
dependent predictor of outcome. We feel that transplant status is a
surrogate for comorbidities which are more prevalent in transplant pa-
tients. Hence, this may be a construct of our statistical analysis and be a
predictor in othermodels where asmany comorbidities are not included.
Another limitation is thatwe are unable to identifywhen the transplanta-
tion occurred, therefore rendering it more difficult when factoring in co-
morbidities and immunosuppression. Finally, because NIS data are
deidentified, hospital admissions rather than individual patientswere an-
alyzed. It is therefore possible that a transplant patient may have had
more than 1 hospital admission. Given the size of the transplant popula-
tion (388,118 encounters), NIS's sampling strategies, and variability in pa-
tient demographics, this is expected to be a rare occurrence and is
adjusted for by not reporting on groups with fewer than 10 individuals.

Despite these limitations, our study is the first ever to report a
population-based analysis of general surgical outcomes in heart and lung
transplant patients with a meaningful sample size. We conclude that all
general surgical procedures should not be taken lightly in this population
given the increased potential formorbidities and prolonged length of stay.

4.3. Recommendation. The postoperative morbidities and prolonged
length of stay after some of these procedures argue that these transplant
patients are better served at tertiary care centers [15–17]. Our analysis
hinted at this, as hospital bed size was a predictor of mortality. The abil-
ity to rescue from complications is an increasingwell-known factor that
determines mortality. Larger institutions are likely better equipped to
deal with postoperative complications as well as manage immunosup-
pression regimes. Specialized medical and surgical units dealing with
heart and lung transplant patients can facilitate postoperative care as
well as ensure that posttransplant protocols are being followed. Trans-
fer to these specialized facilities, in our opinion, should be considered
in patients, particularly if patients are stable. Patients requiring emer-
gent operative intervention, such as that for small bowel obstruction,
should not, however, be denied surgery because the patients comorbid-
ities’ and not transplant status determine outcome.

Acknowledgments

Wewould like to acknowledge all of the HCUP Data Partners that con-
tribute toHCUP(www.hcup-us.ahrq.gov/hcupdatapartners.jsp).Weappre-
ciate Patrick Hilden, MS, who provided statistical input to our manuscript.

Author Contribution

We certify that all individuals who qualify as authors have been
listed; each author has participated in 1 or more of the following areas:
conception and design of this work, the acquisition and/or analysis of
data, and the writing and/or critical revision of the document. All con-
tributing authors approve of the submission of this version of the man-
uscript and assert that the document represents valid work. If
information derived from another source was used in this manuscript,
wemade appropriate acknowledgments in the document. All contribut-
ing authors take public responsibility for this work.

http://www.hcup-us.ahrq.gov/hcupdatapartners.jsp


146 A. Zywot et al. / Surgery Open Science 2 (2020) 140–146
Conflict of Interest

The authors declare that they have no conflict of interest.

Funding Sources

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

Appendix A. ICD-9-CM codes
Study Population
H
Lu
P
In

C
A
S
C

La
E
Ly
M
C
S
M
P
D

P
P
P

P

P

P
P
E
Fi
M
N
In
S
U
P
In
A

B

ICD-9-CM Code
eart transplant status
 V42.1

ng transplant status
 V42.6

rocedure type

guinal/femoral hernia repair
 53.00–53.05, 53.10–53.17, 53.21,

53.29, 53.31, 53.39

holecystectomy
 51.21–51.24

ppendectomy
 47.0, 47.01, 47.09, 47.1, 47.11, 47.19

mall bowel resection
 45.61, 45.62, 45.63

olorectal resection
 17.31–17.39, 45.71–45.79, 45.8–45.83,

48.40–48.49, 48.5–48.59, 48.61–48.69

paroscopy (GI only)
 54.21

xploratory laparotomy
 54.11

sis of peritoneal adhesions
 54.51, 54.59

orbidity

ardiovascular

upraventicular arrhythmia
 427.30, 427.31, 427.32, 427.0

yocardial infarction
 410.0–410.9, 411.81, 413.0–413.9, 997.1

ostoperative stroke
 997.02

eep venous thrombosis
 451.1, 451.2, 451.81, 451.9, 453.2,

453.8, 453.9, 453.40–453.42

ulmonary embolism
 415.1, 415.11, 415.12, 415.19

ulmonary

neumonia
 481–486, 482.0–482.3, 482.41, 482.49, 482.80,

482.83, 482.9, 486, 997.3, 997.31, 997.32

ostoperative acute respiratory
insufficiency
518.5
ostoperative acute
pneumothorax
512.1
ostoperative pulmonary edema
 518.4

ulmonary collapse
 518.0

mpyema with and without
 510.0, 510.9

stula

echanical ventilation
 96.70, 96.71, 96.72

oninvasive ventilation
 93.90

fectious

epsis/shock
 995.91, 038, 995.92, 999.3, 998.0

rinary tract infection
 599.0, 590.9

ostoperative wound infection
 998.51, 998.59

traoperative complication

ccidental puncture or
laceration, complicating
surgery
998.2
leeding complicating
procedure
998.11
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