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a b s t r a c t

Background/Aim: We aim to study the impact of PH in patients undergoing gastrointestinal surgery (GI).
Methods: We queried the ACS-NSQIP database from 2005 through 2010 for patients undergoing GI
surgery with PH. Esophageal varices (EV) diagnosis was used as a surrogate of PH.
Results: A total of 192,296 patients underwent GI surgery, of which 379 had PH. Regression analyses
revealed that patients with PH had a 6-fold (95% CI 4.6e7.9) increase in 30-day mortality, a 3-fold (95% CI
2.5e3.7) increase in morbidity, a 3.2-fold (95% CI 2.6e3.9) increase in critical care complications (CCC),
and a 6.5-day (95% CI 5.1e7.8) increase in hospital LOS. After PSM, the impact of PH on the outcomes
remained. These differences were significant regardless of the emergent or elective status of the pro-
cedure. AUC analysis demonstrated that MELD and MELDNa þ score greater than 10.5 was the most
predictive of peri-operative mortality in elective PH cases.
Conclusions: PH is associated with an increased risk of poor surgical outcomes in patients undergoing
elective and emergent gastrointestinal surgery.

© 2018 Elsevier Inc. All rights reserved.
Introduction

The incidence of Portal Hypertension (PH) has been increasing
in recent years in the United States. In patients undergoing general
surgery, the presence of PH has been associated with poor out-
comes.1e4 Therefore, treatment guidelines in Europe and the United
States recommend caution while selecting candidates for
surgery.5e8

Gastrointestinal (GI) surgery is associated with higher mortality
rates compared to other intra-abdominal procedures, such as ne-
phrectomies and cystectomies.9 Currently, the risk of postoperative
morbidity and mortality in patients with cirrhosis is assessed using
trointestinal; EV, Esophageal
match; AUC, Area under the
, Critical care complications;
f Surgeons National Surgical
ticipant Use Files.
3, Lexington, KY, 40536-0293,

production of this article.
the Child Pugh Turcotte Score (CPT) and the Model of End Stage
liver disease (MELD) score.10e13

Esophageal varices (EV) is one of the strongest indicators of PH
and it has been used as a surrogate for PH in several previous
studies.14e16 The aim of this study is to analyze the impact of PH in
patients undergoing GI surgery in the U.S. using the American
College of Surgeons National Surgical Quality Improvement Pro-
gram (ACS-NSQIP) database.
Methods

Patient and data collection

The ACS-NSQIP Participant Use Files (PUFs) from 2005 to 2010
were queried for all adult (>17 years-old) patients undergoing the
most common gastrointestinal procedures as their primary pro-
cedure. Patients undergoing esophageal surgery, gastrectomy,
hepatectomy, colectomy, appendectomy, small bowel resection,
pancreaticoduodenectomy, distal pancreatectomy, hep-
aticojejunostomy and cholecystectomy were included. (See the
appendix for a table of the included current procedural
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terminology (CPT) codes). Esophageal varices diagnosis was iden-
tified using NSQIP's esophageal varices field in the NSQIP PUF
which requires a documented diagnosis within 6months of surgery
from an esophagogastroduodenoscopy or CT scan. EV was used as a
surrogate for portal hypertension. Patients missing data on EVwere
removed prior to analysis.

To ensure patient privacy, NSQIP only reports “90þ” for pa-
tients above the age of 89 years at the time of surgery; an age of 90
was imputed for these cases. MELD score was calculated using the
formula [9.57 x ln serum creatinine (mg/dl) þ 3.78 ln serum
bilirubin (mg/dl) þ 11.2 x ln INR þ 6.43] and was divided in MELD
score cutoffs of 12, 15, 18 and 20 to assess risk at different score
cutoffs.

Morbidity (30 days) was defined as any of the following post-
operative occurrences: superficial surgical site infection, deep
surgical site infection, wound disruption, transfusion, urinary tract
infection, any return to the operating room (OR), and critical care
complications (CCC). A CCC (30 days) was defined as any of the
following postoperative occurrences: unplanned intubation or
mechanical ventilation for longer than 48 h, pneumonia, sepsis,
septic shock, renal failure, cardiac arrest, myocardial infarction or
stroke, pulmonary embolism, deep vein thrombosis, or organ/space
surgical site infection.

Statistical analyses

Preoperative and perioperative characteristics were compared
between those with and without EV. Categorical variables were
reported using counts (N) and column percentages were compared
using chi-square or Fisher's exact tests, as appropriate. Continuous
variables were tested for normality using Shapiro-Wilk test.
Normally-distributed continuous variables were reported using
means and standard deviations (SD) and compared using t-tests;
otherwise, they were reported using medians and 25th - 75th
percentiles (IQR) and compared using Mann-Whitney U test. Both
the unadjusted and adjusted impact of EV on the 30-day patient
outcomes were assessed using regression models. Logistic regres-
sion models were used for binary outcomes and general linear
regression models were used for continuous outcomes. The area
under the curve (AUC) was calculated to assess the MELD and
Table 1
Selected Baseline Characteristics in patients undergoing gastrointestinal procedures with

No portal hypertension

Median Age (IQR), years 56.5 (17.0)
BMI, kg/m2 Median (IQR) 29.3 (24.4e38.9)
Male 79,873 (41.6%)
Current Smoker 35,119 (18.3%)
Treatment for Diabetes 35,145 (18.3%)
Dyspnea 29,371 (15.3%)
Functionally Dependent 16,662 (8.7%)
Ventilator Dependent 3249 (1.7%)
History of COPD 10,153 (5.3%)
Current Pneumonia 1748 (0.9%)
Ascites 3990 (2.1%)
History of CHF 2250 (1.2%)
History of MI 1418 (0.7%)
History of Angina 1345 (0.7%)
Treatment for Hypertension 95,700 (49.1%)
History of PVD 2699 (1.4%)
Acute Renal Failure 1718 (0.9%)
Currently on Dialysis 2350 (1.2%)
Impaired Sensorium 2579 (1.3%)
Open Wound/Wound Infection 5128 (2.7%)
Bleeding Disorder 10,267 (5.3%)
Transfusion� 1 Unit in 72 Hours Prior to Surgery 2170 (1.1%)
Preoperative Sepsis/Septic shock 28,080 (14.8%)

PVD: Peripheral vascular disease.
MELDNa þ score that was most predictive of perioperative death
(mortality within 30 days).

A propensity score match (PSM) was also used to account for
observed confounding factors.17 Only cases with all necessary
MELD score lab values were included. The probability of having EV
was estimated using a logistic regression model with EV as the
dependent variable and all variables with a bivariate p-value with
EV less than 0.10 and an overall incidence greater than 0.5% as
predictor variables. The PSM was done using a nearest-neighbor
matching algorithm at a 1:5 treated to control ratio. The balance
between EV and no EV in the resulting PSM cohort was assessed
using standardized mean differences (SMD), where values less
than 0.10 were not considered meaningfully different. Sepsis and
functional dependence were included in the PSM model due to
their clinical relevance. Outcomes in the PSM cohort were
analyzed while accounting for the matched nature of the data.
Conditional logistic regression models with stratification on
match group were used for binary outcomes, multilevel linear
models with random intercepts for match group were used for
continuous outcomes, and Cox proportional hazards models with
stratification on match group were used for time-to-event
outcomes.

Analyses were conducted using R statistical programming lan-
guage version 3.4.0 (R Core Team, Vienna, Austria). The following R
packages were also used: MatchIt 3.0.1 (Ho et al.), ggplot2 2.2.1
(Wickham), survival 2.38 (Therneau), and lme41.1e13 (Bates et al.).
Significance was set at P< 0.01 for bivariate comparisons and
P< 0.05 for regression analyses.

Results

Patients’ characteristics and demographics

192,296 patients that underwent gastrointestinal surgery from
2005 to 2010 were identified in the NSQIP dataset. Of those, 379
patients (0.197%) had a diagnosis of esophageal varices and PH at
the time of surgery. The median age was 56.5 years, with a median
BMI of 26.3 kg/m2. Over 46% of these patients were obese and 41.6%
were male. Patients with a diagnosis of esophageal varices were
older and predominantly male (Table 1).
and without portal hypertension.

(N¼ 191,917) Portal hypertension (N¼ 379) P-value

58.4 (14.2) 0.0243
27.4 (24.0e32.1) <0.0001
253 (66.8%) <0.0001
97 (25.6%) 0.0003
103 (27.2%) <0.0001
80 (21.1%) 0.0022
98 (25.9%) <0.0001
36 (9.5%) <0.0001
31 (8.2%) 0.0167
16 (4.2%) <0.0001
155 (40.9%) <0.0001
12 (3.2%) 0.0021
10 (2.6%) 0.0006
6 (1.6%) 0.0530
188 (49.6%) 0.9600
11 (2.9%) 0.0244
17 (4.5%) <0.0001
16 (4.2%) <0.0001
27 (7.1%) <0.0001
25 (6.6%) <0.0001
102 (26.9%) <0.0001
32 (8.4%) <0.0001
95 (25.3%) <0.0001



Table 2
Postoperative outcomes.

No portal hypertension (N¼ 191,917) Portal hypertension (N¼ 379) P-value

Median Hospital Length of Stay (IQR), Days 5 (2e10) 11 (6e20) <0.0001
Death within 30 Days of Surgery 6495 (3.4%) 67 (17.7%) <0.0001
Morbidity 47,619 (24.8%) 191 (50.4%) <0.0001
Superficial SSI 11,589 (6.0%) 32 (8.4%) 0.0636
Deep SSI 2570 (1.3%) 9 (2.4%) 0.1267
Wound Disruption 2620 (1.4%) 12 (3.2%) 0.0052
Transfusion 6010 (3.1%) 49 (12.9%) <0.0001
UTI 5793 (3.0%) 21 (5.5%) 0.0066
Any Return to OR 11,861 (6.2%) 49 (12.9%) <0.0001

Critical Care Complications 29,159 (15.2%) 139 (36.7%) <0.0001
Unplanned Intubation or Vent> 48 h 12,327 (6.4%) 84 (22.2%) <0.0001
Pneumonia, Postop 7011 (3.7%) 26 (6.9%) 0.0014
Sepsis/Septic Shock 14,259 (7.4%) 78 (20.6%) <0.0001
Renal Failure/Insufficiency 3027 (1.6%) 31 (8.2%) <0.0001
Cardiac Arrhythmia, MI, or CVA 3036 (1.6%) 11 (2.9%) 0.0642
Pulmonary Embolism or DVT 3841 (2.0%) 11 (2.9%) 0.2859
Organ/Space SSI 7251 (3.8%) 28 (7.4%) 0.0004

SSI: Surgical site infection; UTI: Urinary tract infection; OR: Operating room; MI: Myocardial infarction; CVA: Cerebrovascular accident; DVT: Deep vein thrombosis.
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Over 25% of patients with PH were identified as functionally
dependent and 9.5% as ventilator dependent (vs 8.7% and 1.7%
p< 0.0001 in the non PH group). We also found a higher frequency
of ascites in these patients (40.9% vs 2.1% in the non PH group,
p¼ 0.0001). Acute renal failure was identified in 4.5% of the pa-
tients in the PH group, and 4.2% were on dialysis (vs 0.9% and 1.2%
respectively, in the non PH group, p< 0.0001) (Table 1).

When comparing, diabetes mellitus and wound infections were
significantly higher in the PH group (27.2% vs 18.3%, p< 0.0001 and
6.6% vs 2.7%, p¼ 0.0001, respectively) (Table 1). Forty-four percent
of patients with PH had albumin levels lower than 3 g/dL. Liver
function tests (LFTs) and renal function tests including median
alkaline phosphatase (105 vs 81), bilirubin>1mg/dl (59% vs 16.5%),
BUN>40 (12.8% vs 3.6%), creatinine>1.2mg/dl (26.3% vs 13.4%), PT
median (14.6 vs 12.8), PTT median (31.9 vs 29), and SGOT median
(40 vs 23), were significantly higher in PH patients compared to
those without PH (p< 0.0001), while hematological values, such as
hematocrit<30, platelets<150, and leucocytes� 4,500, were
significantly lower in the PH group (24.6% vs 8.4%, 60.2% vs 6.6%,
28.3% vs 7.1%, PH group vs non PH, respectively, p< 0.0001). A
significantly higher proportion of hyponatremia was noticed on the
PH cohort (18.4% vs 9.4% non PH, p< 0.0001).
Operative and postoperative characteristics

The median operative time was longer in the PH group when
compared to non PH patients (143 vs 134min, respectively,
p¼ 0.0079). In the PH group the most common GI procedures were
colectomy 31.1%, small bowel 19.3%, cholecystectomy 17.4%, gastric
10.3%, hepatectomy 8.2%, distal pancreatectomies 4.5%, esophagus
4% appendectomy 4% hepatoicojejunostomy 4.8 and pan-
creaticoduodenectomies 1.1%. Sixty percent of patients with EV
were classified as ASA III and 32.3% as ASA IV-V, which was
significantly higher compared to those without EV (p< 0.0001).
Table 3
Regression results in patients with PH compared to non-PH after GI surgery all emergen

Outcome Type of Estimate U

30-Day Mortality Odds Ratio 6
Morbidity Odds Ratio 3
CCC Odds Ratio 3
Hospital Length of Stay Change in Days for PH over No PH 6

CCC: Critical care complications. PH: Portal hypertension.
The median hospital length of stay (LOS) was significantly
longer in patients with PH (11 vs. 5 days in the non PH group,
p< 0.0001). A 17.7% peri-operative mortality (30-days) was found
within the PH cohort, whereas a smaller percentage (4.7%) was
observed in the non PH group (p< 0.0001). Overall morbidity was
higher in the PH group compared to those without PH (50.4% vs
24.8%, respectively, p< 0.0001). Patients with PH had significantly
higher transfusion rates (12.9% vs 3.1% non PH, p< 0.0001) and
returns to the OR (12.9% vs 6.2% non PH, p< 0.0001). Critical care
complications were significantly higher in the PH group (36.3% vs
20.1% p< 0.0001), particularly unplanned intubation, sepsis, and
renal failure (Table 2).

Regression analyses revealed that patients with PH had a 6-fold
increase in 30-day mortality, a 3-fold increase in morbidity, and a
3.2-fold increase in CCC (all p< 0.0001) (Table 3).
MELD and MELDNa þ score on peri-operative mortality

Seventy nine percent of the patients with esophageal varices
who died within 30 days of the procedure had MELD score over 12,
and 45% had a score of over 20. Ninety percent of peri-operative
deaths in the cohort of patients undergoing emergent procedures
had a MELD score of 12 or higher. AUC analysis demonstrated that
MELD score greater than 10.5 was the most predictive of peri-
operative mortality in elective PH cases with a sensitivity of 68%
and specificity of 60% (AUC 0.64, CI 95%, 0.535, 0.746, OR 3.2).
MELDNaþ of 10.5 was the most predictive of per-operative mor-
tality in this cohort with a sensitivity of 73% and specificity of 0.57%
(AUC 0.64, CI 95%, 0.55, 0.75, OR 3.49). (Figs. 1 and 2).
Emergent vs elective cases

Our results showed that patients undergoing emergent pro-
cedures had a higher length of stay and risk of morbidity. Patients
t and elective cases.

nadjusted PH Estimate 95% Confidence Limits P-value

.131 (4.666, 7.935) <0.0001

.079 (2.516, 3.767) <0.0001

.233 (2.617, 3.978) <0.0001

.503 (5.197, 7.808) <0.0001



Fig. 1. Receiver operator curve (ROC) for MELD as a predictor of 30-day mortality in
non-emergent patients with esophageal varices. The optimal cut-point for predicting
30-day mortality was found to be a MELD score of 10.58 which represented by the
intersection of the dotted lines in the graph below.

Fig. 2. Receiver operator curve (ROC) for MELD-Na as a predictor of 30-day mortality
in non-emergent patients with esophageal varices. The optimal cut-point for pre-
dicting 30-day mortality was found to be a MELD score of 10.58 which represented by
the intersection of the dotted lines in the graph below.

Table 4
Regression results of elective and emergent cases separately by outcome in PH cases.

Non-emergent

Outcome Estimate 95% CI

30-Day Mortality OR 6.380 (4.147, 9.398)
Morbidity OR 2.675 (2.082, 3.426)
CCC OR 3.101 (2.358, 4.039)
Hospital Length of Stay a 5.290 (3.833, 6.748)

OR: Odds ratio.
a Change in days for PH cases over no PH cases.
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with PH undergoing non-emergent procedures had a 5.2-fold in-
crease in hospital length of stay and 2.6-fold increase in morbidity,
while patients with PH undergoing emergent procedures had a 7.2-
fold increase in hospital length of stay and 3.2-fold increased risk of
morbidity (p< 0.0001). The effect of PH onmortality andmorbidity
was significant regardless of emergent or non-emergent status
(Table 4).

Predictors of morbidity in elective cases with portal hypertension

We performed a logistic regression analysis to estimate pre-
dictors of morbidity in non-emergent cases with portal hyperten-
sion and foundMELD over 18 to be the strongest predictor of overall
morbidity (OR 4.633, p¼ 0.02). Other important factors included
ascites, preoperative sepsis, and operative time.

Preoperative sepsis was the strongest predictor of critical care
complications in patients with PH (OR 6.764, p¼ 0.0009), followed
by MELD score over 18 (OR 4.55 p¼ 0.038), steroid use (OR 3.916,
p¼ 0.0832), and COPD (OR 2.717, p¼ 0.094). Age at surgery, and
operation time longer than 30min increased the risk of critical care
complications by 20%.

Propensity score matched analysis

We performed a 1:5 propensity score match for elective cases
with all of theMELD lab values. The PSMmodel had EV status as the
outcome and all of the following are predictors: age, sex, smoking,
diabetes, dyspnea, functional dependence, ventilator dependence,
pneumonia, ascites, history of CHF, history of myocardial infarction,
previous cardiac surgery, renal failure, dialysis, impaired senso-
rium, disseminated cancer, openwound/wound infection, bleeding
disorder, preoperative transfusion, radiotherapy, sepsis/septic
shock, GI procedure type, ASA class, wound class, and MELD score.
After the PSM, all pre- and peri-operative variables had standard-
ized mean differences less than 0.10, suggesting no meaningful
differences. Regression analyses accounting for the matched nature
of the PSM cohort found that patients with PH had a 1.98-fold in-
crease in 30-day mortality, a 1.82-fold increase in need for un-
planned intubation, and a 1.94-fold increase in transfusion. There
was also a 41% increase in the odds of critical care complications
(p¼ 0.0412) and 35% increase in morbidity (p¼ 0.0550) in the PH
group (Table 5).

Discussion

Gastrointestinal surgical interventions are the most commonly
performed intra-abdominal procedures in general surgery. Previ-
ous studies have established the presence of esophageal varices as a
critical surrogate of portal hypertension, which has important im-
plications in peri-operative outcomes. Artinyan et al.,18 using the
National Inpatient Sample Database, demonstrated high mortality
rates in cirrhotic patients undergoing gastrointestinal resections.
Kadry et al. also reported increased morbidity and mortality in
patients with PH who underwent general surgery procedures.14 In
Emergent

P-value Estimate 95% CI P-value

<0.0001 OR 4.356 (2.965, 6.300) <0.0001
<0.0001 OR 3.248 (2.248, 4.768) <0.0001
<0.0001 OR 2.618 (1.839, 3.730) <0.0001
<0.0001 a 7.282 (4.417, 10.147) <0.0001



Table 5
Outcomes in the elective cases, 1:5 propensity-matched cohort. N¼ 1278.

Outcome Type of Estimate Estimate 95% Confidence Limits P-value

Mortality within 30 Days OR 1.986 (1.160, 3.400) 0.0124
Morbidity OR 1.349 (0.994, 1.832) 0.0550
Critical Care Complications OR 1.410 (1.014, 1.962) 0.0412
Unplanned Intubation OR 1.823 (1.050, 3.164) 0.0328
Ventilator> 48 Hours OR 1.090 (0.616, 1.929) 0.7660
Transfusion OR 1.945 (1.208, 3.130) 0.0062
Operative Duration Change in Minutes for PH vs. No PH 14.349 (-0.669, 29.367) 0.0611
Hospital Length of Stay Change in Days for PH vs. No PH 0.115 (-1.768, 1.997) 0.9051

PH ¼ Portal hypertension, OR¼Odds Ratio.
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concordance with these findings, we observed an increased risk in
overall morbidity, critical care complications, and mortality asso-
ciated with the presence of EV (our surrogate for PH) in patients
undergoing elective and emergency GI surgery.

Patients with PH showed higher rates of pre-operative en-
cephalopathy, central nervous system disorders, and renal com-
plications such as acute renal failure and dialysis, which has been
tightly bound in other series to increased mortality.19 Diabetes,
smoking, and cardiopulmonary co-morbidities were also signifi-
cantly more prevalent in the PH group. The increased complexity in
the PH group resulted in prolonged operative time due to signifi-
cant coagulopathy associated with bleeding and difficult
hemostasis.

Among patients with PH undergoing gastrointestinal surgery,
including both elective and emergency cases, our overall analysis
demonstrated 6-fold, 3-fold, and 3.2-fold increases in rates of 30-
day mortality, morbidity, and critical care complications, respec-
tively. LOS was prolonged by 6.5-fold in PH patients compared to
controls.

The MELD score has been considered a strong independent
factor associated with morbidity and mortality in cirrhotic patients
after general surgery, with mortality rising by 2% for each point
above 20.13,20e22 Studies have reported that MELD is a better in-
dicator of poor peri-operative outcomes than the CTP score and ASA
class in cirrhosis.23,24 Teh et al.,13 reported a 50% risk of peri-
operative death in cirrhotic patients with MELD scores above 20
who underwent major digestive, orthopedic, and cardiovascular
surgeries. In their regression analysis, only MELD score, ASA class,
and age predicted mortality independent of the type or year of the
procedure.

In our series, 40% of the patients with PH who died within 30
days after surgery hadMELD greater than 20. Patients with PHwere
older and belonged to a higher ASA class compared to patients
without PH. We found that MELD higher than 18 was the strongest
independent predictor of morbidity, increasing its overall risk
almost 5-fold. The most significant independent factors associated
with critical care complications in our cohort were pre-operative
sepsis and MELD score greater than 18, which increased patients’
risk by 6.7-fold and 4.5-fold, respectively. Importantly, the calcu-
lation of area under the curve demonstrated that MELD and
MELDNa þ greater than 10.5 was the most predictive score of peri-
operative mortality in patients undergoing complex elective
gastrointestinal surgery.

Emergency surgery among cirrhotic patients conferred a high
mortality risk. This is likely due to difficulties in assessing and
controlling modifiable risk factors prior to surgery. A single center
experience by Neeff et al.22 reported 30- and 90-day mortality rates
of 20% and 30%, respectively, in cirrhotic patients undergoing
abdominal surgery. They also found that MELD, CTP, ASA class,
emergency operations, and cancer influenced long-term survival.
Our results demonstrated that patients with PH undergoing
emergent procedures had a major increase in morbidity compared
to elective cases and a significantly higher mortality compared to
patients undergoing emergent cases without PH.

Due to important differences between the PH and control
groups, we performed a PSM analysis adjusting for factors such as
age, gender, MELD, ASA class, diabetes, cardiopulmonary co-
morbidities, renal insufficiency, pre-operative sepsis/septic shock,
and type of gastrointestinal procedure. Interestingly, the strong
effect of PH on critical outcomes such as peri-operative mortality,
critical care complications (post-operative sepsis, pneumonia, renal
failure and intra-abdominal abscess), un-planned intubation, and
transfusions remained after these adjustments. Importantly, mor-
tality was still increased 2-fold and critical care morbidity by 40%
after PSM analysis.

Another key, but expected finding was the greater need for
transfusion in the PH group even after PSM adjustment. Previous
studies have linked transfusions to higher mortality rates and
higher incidence of sepsis in the peri-operative period, particularly
in patients with liver diseases and cancer.25e27 In our series, peri-
operative transfusions predicted critical care complications in pa-
tients with PH.

Our study has limitations that should be disclosed. We used EV
as the only indicator of PH. Tissue biopsy and/or imaging is not
available in NSQIP. Other relevant information such as spleen size,
trans-hepatic pressure gradient, prophylactic antibiotics, antibiotic
treatment, colon preparation practices, and culture results are not
available in the database. Nevertheless, the strengths of this system
includes stringent definition of the analyzed variables and homo-
geneous data within a fixed timeframe from multiple healthcare
institutions.

Overall, our analysis suggests that patients with EV and portal
hypertension have a significant increased risk of 30-day morbidity,
mortality, and critical care complications after elective and emer-
gency gastrointestinal surgery. Further prospective studies are
needed to increase knowledge on the impact of PH in peri-
operative and long term outcomes and help identify modifiable
risk factors to improve care of patients with cirrhosis.
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