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In the great majority of surgical cases, fluid therapy is 
managed with crystalloids. There are 2 broad categories 
of crystalloid solutions, normal saline (NS) and the bal-

anced salt solutions, e.g., Ringer’s lactate or Plasmalyte™ 

(Baxter, Mississauga, Ontario, Canada). Balanced salt solu-
tions may be preferable since they offer an electrolyte com-
position approaching the composition of plasma. These 
balanced salt crystalloids include a weak acid (e.g., lactate), 
to decrease the concentration of chloride and provide buff-
ering capacity. However, at our institution NS is the least 
expensive solution, and hence is the most commonly used 
crystalloid solution for perioperative fluid management.a 
There are no recognized contraindications to the use of NS, 
and North American guidelines for the administration of 
blood products insist on its use.1,2 Furthermore, the use of 
NS is an attractive option since the lack of free water limits 
the fluid movement into the intracellular compartment, min-
imizing cerebral edema. This can be of critical importance in 
head injury and/or trauma, particularly in children.3

NS has a chloride concentration of 154 mmol/L, well 
above the serum chloride concentration (100–110 mmol/L), 
and its overuse may lead to hyperchloremic metabolic aci-
dosis.4,5 However, this electrolyte disturbance associated 
with the use, or overuse, of NS has not been linked with 
adverse postoperative outcomes. We therefore performed a 
retrospective analysis of consecutive patients presenting for 
noncardiac surgery. The primary objective was to determine 
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BACKGROUND: The use of normal saline is associated with hyperchloremic metabolic acido-
sis. In this study, we sought to determine the incidence of acute postoperative hyperchloremia 
(serum chloride >110 mEq/L) and whether this electrolyte disturbance is associated with an 
increase in length of hospital stay, morbidity, or 30-day postoperative mortality.
METHODS: Data were retrospectively collected on consecutive adult patients (>18 years of 
age) who underwent inpatient, noncardiac, nontransplant surgery between January 1, 2003 
and December 31, 2008. The impact of postoperative hyperchloremia on patient morbidity 
and length of hospital stay was examined using propensity-matched and logistic multivariable 
analysis.
RESULTS: The dataset consisted of 22,851 surgical patients with normal preoperative serum 
chloride concentration and renal function. Acute postoperative hyperchloremia (serum chloride 
>110 mmol/L) is quite common, with an incidence of 22%. Patients were propensity-matched 
based on their likelihood to develop acute postoperative hyperchloremia. Of the 4955 patients 
with hyperchloremia after surgery, 4266 (85%) patients were matched to patients who had 
normal serum chloride levels after surgery. These 2 groups were well balanced with respect to 
all variables collected. The hyperchloremic group was at increased risk of mortality at 30 days 
postoperatively (3.0% vs 1.9%; odds ratio = 1.58; 95% confidence interval, 1.25–1.98) (relative 
risk 1.6 or risk increase of 1.1%) and had a longer hospital stay (7.0 days [interquartile range 
4.1–12.3] compared with 6.3 [interquartile range 4.0–11.3]) than patients with normal post-
operative serum chloride levels. Patients with postoperative hyperchloremia were more likely to 
have postoperative renal dysfunction. Using all preoperative variables and measured outcome 
variables in a logistic regression analysis, hyperchloremia remained an independent predictor of 
30-day mortality with an odds ratio of 2.05 (95% confidence interval, 1.62–2.59).
CONCLUSION: This retrospective cohort trial demonstrates an association between hyperchlo-
remia and poor postoperative outcome. Additional studies are required to demonstrate a causal 
relationship between these variables.  (Anesth Analg 2013;117:412–21)
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whether acute postoperative hyperchloremia was associated 
with increased mortality, morbidity, or length of hospital stay.

METHODS
This study was approved by the Research Ethics Board 
(REB) of the University Health Network, Toronto, Ontario, 
Canada. The requirement for informed consent was waived 
by the REB.

Study Setting, Patient Sample, and Data 
Collection
This retrospective observational study was prepared to con-
form to the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines.6 The study 
was conducted at the University Health Network, which 
is a tertiary referral center in Toronto, Ontario, Canada, 
affiliated with the University of Toronto. University Health 
Network consists of 3 hospitals (Toronto General Hospital, 
Toronto Western Hospital, and Princess Margaret Hospital) 
that provide a full range of surgical services, including 
neurologic, vascular, orthopedic, otolaryngology, urologic, 
thoracic, general, gynecologic oncology, plastic, and cardiac 
surgical procedures.

After obtaining institutional REB approval, data were 
retrospectively collected on consecutive adult patients (>18 
years of age) who underwent surgery between January 1, 
2003 and December 31, 2008. Patients were identified from 
the Operating Room Scheduling Office System (ORSOS™, 
McKesson Corporation, San Francisco, CA) surgical book-
ings. The following groups of patients were excluded: 
outpatient surgery, cardiac surgery, organ transplantation, 
preoperative renal dysfunction (creatinine >175 mM, pre-
operative hyperchloremia [serum chloride >110 mmol/L]), 
or patients whose preoperative or postoperative chloride 
levels were not measured (Fig. 1). For those patients who 
underwent >1 surgery at the institution during the study 
period, the first surgical case was considered the index sur-
gery for this study.

Synthesis and Linking of Electronic Database
All data, including demographics, the nature of the sur-
gery, International Classification of Disease, Tenth Revision 
(ICD-10) codes, laboratory tests, and date of death were 
retrieved from the electronic data warehouse by using pre-
viously published methodology.7 The accuracy and valid-
ity of the data have been reported previously, and the error 
rate is <1%. In each patient, the ICD-10 codes for preop-
erative comorbidities were analyzed after the method of 
Quan et al.8

Since many patients had multiple assessments, we ana-
lyzed all laboratory data to derive both the maximum or 
minimum values for hemoglobin, creatinine, and chloride 
for each of the first 5 postoperative days (PODs). The chlo-
ride data for the analysis consisted of the last preoperative 
value and the maximum value on POD 1 through 2 and 
POD 3 through 5.

Blood transfusion data were derived from the transfu-
sion medicine database (Hemocare; Mediware Information 
Systems, Alton, IL), which includes data on all blood prod-
ucts (red blood cells [RBCs], fresh frozen plasma, [plasma] 
and platelets) issued and not returned from the in-hospital 

blood bank. Transfusion data were merged with the set of 
data derived from the electronic data warehouse using the 
patients’ unique identifying number and the date of surgery.

Definition of Primary and Secondary Outcomes
Acute postoperative hyperchloremia was defined as serum 
chloride concentration >110 mmol/L on either POD 1 or 
2. The primary outcome was the incidence of in-hospital 
death within 30 days of the index surgery. Secondary out-
comes included: length of hospital stay, defined as the 
number of days from the index surgery to discharge. The 
incidence of postoperative pulmonary edema, myocardial 
ischemia, cerebrovascular events, cardiac arrest, and atrial 
fibrillation were estimated using the ICD-10 outcome codes. 
Postoperative renal failure was determined based on the 
Consensus RIFLE Criteria (Risk, Injury, Failure, Loss and 
End stage kidney disease).9 Estimated glomerular filtra-
tion rate (eGFR) was determined using the Cockcroft-Gault 
equation using preoperative creatinine and the highest cre-
atinine concentration on POD 1 through 5.10

Statistical Analyses
SAS™ version 9.1.3 (SAS Institute Inc., Cary, NC) was used 
for all statistical analyses. Categorical variables were sum-
marized as frequencies and percentages and continuous 
variables as means and standard deviations.

Propensity Score Matching of Cohorts
Propensity scores estimating the probability of develop-
ing hyperchloremia were calculated for all patients. In the 
nonparsimonious multiple logistic regression model for the 
propensity score, the covariates used are shown in Table 1. 
Individual patients with normal preoperative serum chlo-
ride who developed hyperchloremia on POD 1 or 2 were 
matched 1:1 using propensity scores to patients who did 
not develop hyperchloremia. A 5→1 computerized greedy 
matching technique was used for this matching process, 
whereby cases were first matched to controls that had a 
propensity score (logit transformation) that was identical in 
all 5 digits. Those that did not match were then matched to 
controls on 4 digits of the propensity score. This continued 
down to a 1-digit match on propensity score for those that 
remained unmatched.b

If after the matching 1 or more variables remained 
unbalanced, interaction terms were included in the model 
and unmatched variables were forced into the match. This 
iterative process continued, blinded to outcomes, until the 
matched cohorts were balanced for the baseline covariates.

We assessed the balance between the 2 cohorts using a 
standardized mean difference. Standardized difference (d) 
is defined to be equal to

d
x x

S S
=

⋅ −( )
+

100

2

2 2

treatment control

treatment control

where x treatmentand xcontrol are the mean values for the treat-
ment and control groups, while S2

treatment  and S2
control  are the 

bParsons LS. Reducing bias in a propensity score matched-pair sample us-
ing greedy matching techniques. In: Proceedings of the Twenty-Sixth Annual 
SAS User Group International Conference. Cary, NC: SAS Institute, 2001.
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sample standard deviations, respectively. Differences of 
absolute value >5% are considered to indicate significant 
covariate imbalance.11

Sensitivity Analysis
To consider the possibility of selection bias in the pro-
pensity-matched cohort, 4 sensitivity analyses were con-
ducted; first, by imputing group means from missing 
values of preoperative chloride, creatinine, and hemoglo-
bin; second, by excluding all oncology cases to ensure the 
outcome was not influenced by the preoperative diagno-
sis or prognosis; and third, by excluding all patients with 
preoperative serum chloride <100 mmol/L. The fourth 
sensitivity analysis divided the surgical procedures into 
high-risk (neurosurgery, vascular, and thoracic surgery) 
and low- or moderate-risk surgery (ears, nose and throat 
surgery, general surgery, gynecology and oncology, ortho-
pedics, plastic surgery, spine surgery, urology, and other). 
To consider whether surgical procedure was a confound-
ing variable, the incidence of 30-day mortality was deter-
mined by surgical procedure in the propensity-matched 
population.

Multivariable Logistic Regression
Multivariable logistic regression modeling was also per-
formed to assess the adjusted association of acute postoper-
ative hyperchloremia with 30-day postoperative mortality. 
Since acute postoperative hyperchloremia is a postoperative 
outcome, as is myocardial ischemia or renal dysfunction, 
we felt that it was important to demonstrate that each was 
independently linked to 30-day mortality. The mathemati-
cal relationship between the continuous predictor variables 
selected and 30-day mortality was assessed with the cubic 
spline functions.12 Retention in the model was determined 
by backward stepwise selection, in which P < 0.1 was the 
criterion for variable retention. A Pearson correlation matrix 
was used to identify collinear independent variables.13 
Model discrimination and calibration were assessed by the 
c-index and the Hosmer-Lemeshow, respectively.

RESULTS
A total of 22,851 patients who underwent an inpatient, non-
cardiac, nontransplant surgical procedure were included 
in the study (Fig. 1). Of note, only 870 patients had hyper-
chloremia preoperatively. Among the study sample, 4995 

Cardiac Surgical Cases 
n = 14,141

Second Surgical Case
n = 6,308

Outpatient Surgery
n = 55,068

Transplant Cases
n = 1,924

Preoperative Renal Dysfunction
(Cr > 175 mM): n = 1,373

Preoperative Cl > 110 mEq/L
n = 870

Incomplete data
n= 21,960

Non cardiac/Non Transplant
n = 58,930

Surgical Patient Population 
n = 136,371

In-Patient Population 
n = 81,303

Starting Dataset
n = 22,851

First Surgical Case
Population n = 74,995

Postoperative Cardiac Arrest
n= 366

No Chloride Data
n = 11,510

Figure 1. Patient population. Noncardiac, non-
transplant inpatient surgical patients. Cr = creati-
nine; Cl = serum chloride.
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Table 1.  Patient Demographics and Surgical Variables
Entire cohort Propensity-matched cohort

Variable
Hyperchloremia  

(n = 4995)
Normal chloride  

(n = 17,860) SMD (%)
Hyperchloremia  

(n = 4266)
Normal chloride  

(n = 4266) SMD (%)
Age (y) 63.0 ± 14.8 59.8 ± 15.7 −22.3 62.9 ± 14.8 63.2 ± 14.5 −4.29
Gender (female) 2840 (57%) 8015 (45%) −2.50 2440 (57.2%) 2474 (58.0%)
Emergent 1038 (21%) 4188 (23%) −1.3 928 (21.8%) 944 (22.1%) 1.02
High-risk surgery 720 (14.5%) 3081 (17.3%)
Surgical service 20.2 0.24
 GYN/ONCO 698 (14.1%) 798 (4.5%) 535 (12.5%) 526 (12.3%)
 ENT 244 (4.9%) 814 (4.6%) 190 (4.5%) 201 (4.7%)
 Urology 716 (14.4%) 2427 (13.6%) 629 (14.7%) 618 (14.5%)
 General 1170 (23.3%) 3073 (17.2%) 979 (23.0%) 970 (22.8%)
 Neurosurgery 446 (8.9%) 2478 (13.8%) 392 (9.2%) 431 (10.1%)
 Orthopedics 604 (12.1%) 3430 (19.2%) 566 (13.3%) 542 (12.7%)
 Plastics 49 (1.0%) 201 (1.2%) 43 (1.0%) 49 (1.1%)
 Spine 336 (6.7%) 1496 (8.4%) 281 (6.6%) 264 (6.2%)
 Thoracic 348 (7.0%) 2148 (12.1%) 323 (7.6%) 324 (7.6%)
 Vascular 376 (7.5%) 942 (5.3%) 322 (7.6%) 334 (7.8%)
 Other 8 (0.2%) 53 (1.0%) 6 (0.2%) 7 (0.2%)
Surgical duration 

(min)
219 ± 163 159 ± 122 −40.1 203 ± 149 201 ± 152 −1.13

Comorbidities
 HIV 9 (0.2%) 34 (0.2%) −0.1 7 (0.2%) 4 (0.1%) −2.26
 CHF 137 (2.7%) 328 (1.8%) −6.1 111 (2.6%) 113 (2.7%) 1.46
 CPD 268 (5.7%) 1018 (5.7%) 1.2 227 (5.3%) 265 (6.2%) 2.78
 Cerebrovascular 

disease
301 (6.0%) 1122 (6.0%) −4.2 272 (6.4%) 282 (6.6%) −0.25

 Hemiplegia/
paraplegia

129 (2.6%) 577 (3.2%) 1.2 110 (2.6%) 124 (2.9%) −0.25

 Diabetes 453 (9.1%) 1700 (9.5%) 0.3 392 (9.2%) 395 (9.3%) −0.04
 Diabetes with 

complications
173 (3.5%) 490 (2.7%) −4.7 139 (3.3%) 149 (3.5%) 0.19

 Dementia 84 (1.7%) 152 (0.9%) −8.1 68 (1.6%) 72 (1.7%) −0.07
 CAD (myocardial 

infarction)
149 (3.0%) 403 (2.3%) −5.0 128 (3.0%) 99 (2.3%) −2.91

 Malignancy 2302 (46.1%) 5931 (33.2%) −23.1 1889 (44.3%) 1868 (43.8%) −1.47
 Metastatic solid 

tumor
894 (17.9%) 2136 (12.0%) −16.7 697 (16.3%) 702 (16.5%) −0.84

 Liver disease 
(mild)

151 (3.0%) 389 (2.2%) −6.9 107 (2.5%) 126 (3.0%) −2.47

 Liver disease 
(moderate/
severe)

13 (0.3%) 52 (0.3%) −0.4 10 (0.2%) 18 (0.4%) 3.26

 Peripheral 
vascular 
disease

334 (6.7%) 674 (3.8%) −18.1 274 (6.4%) 293 (6.9%) 1.99

 Peptic ulcer 
disease

39 (0.8%) 106 (0.6%) −5.4 34 (0.8%) 36 (0.8%) 1.54

 Renal disease 99 (2.0%) 200 (1.1%) −7.3 74 (1.7%) 60 (1.4%) −2.27
 Rheumatic 

disease
67 (1.3%) 241 (1.4%) 0.1 62 (1.5%) 55 (1.3%) 1.84

Charlson score 
summary

 0 1360 (27.2%) 7163 (40.1%) −29.0 1220 (28.4%) 1211 (28.4%) 0.15
 1 2182 (437%) 6996 (39.2%) 1874 (43.9%) 1863 (43.7%)
 2 1122 (22.5%) 2920 (16.4%) 910 (21.3%) 926 (21.7%)
 ≥3 331 (6.6%) 781 (4.4%) 262 (6.1%) 266 (6.2%)
RBC transfusions 
 Preoperative
  0 4934 (98.8%) 17,691 (99.1%) −1.6 4209 (98.7%) 4219 (98.9%) 0.02
  1, 2 45 (0.9%) 126 (0.7%) 42 (1.0%) 29 (0.7%)
  >2 16 (0.3%) 53 (0.2%) 15 (0.4%) 18 (0.4%)
 POD 0
  0 3761 (75.3%) 16,456 (92.1%) −55.1 3442 (80.7%) 3475 (81.5%) −3.42
  1, 2 677 (13.6%) 969 (5.5%) 533 (12.5%) 514 (12.1%)
  >2 542 (10.9%) 420 (2.4%) 291 (6.8%) 277 (6.5%)
 POD 1
  0 4513 (90.4%) 17,384 (97.3%) −36.8 3968 (93.0%) 3981 (93.3%) −2.23

(Continued)
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(22%) had acute postoperative hyperchloremia and 1670 
(7.3%) had late postoperative (day 3–5) hyperchloremia; 
1182 (5.2%) patients were hyperchloremic in both periods. 
Acute postoperative hyperchloremic patients were older, 
more often female, underwent longer surgical procedures, 
had more comorbidities, and received more blood products 
than patients with normal chloride levels (Table 1).

Before risk adjustment, patients who developed acute 
postoperative hyperchloremia had higher mortality rate 
(3.4%) than patients who did not develop acute postopera-
tive hyperchloremia (1.3%) (Table  2). Acute postoperative 
hyperchloremic patients had a longer length of hospital 
stay and were more likely to have postoperative renal dys-
function based on both ICD-10 outcome codes and eGFR. 
Other ICD-10 outcome codes more common in acute post-
operative hyperchloremic patients included postoperative 
pulmonary edema, pulmonary embolism, myocardial isch-
emia, myocardial infarction, atrial fibrillation, and cerebro-
vascular events.

Propensity-Matched Cohort
The propensity score derivation model included the follow-
ing variables seen in Table 1: sex, emergent surgery (yes or 
no), last preoperative hemoglobin (grams per liter), main 
procedure service (low, moderate, and high risk), proce-
dure time, minimum hemoglobin on POD 1, last preopera-
tive creatinine, Charlson comorbidities score summary, age, 

RBC transfusions, plasma transfusions, and platelet trans-
fusions as listed. The first 6 variables (sex, emergent surgery, 
last preoperative hemoglobin, main procedure service, pro-
cedure time, and minimum hemoglobin on POD 1) were 
forced into the final model for propensity matching.

The matching process created 2 cohorts of 4266 patients, 
1 with acute postoperative hyperchloremia and another 
without. The 2 groups were well balanced with respect to all 
collected variables including blood transfusions (Table  1). 
Mortality in patients with acute postoperative hyperchlore-
mia was higher (3.0% vs 1.9%; odds ratio [OR] = 1.58; 95% 
confidence interval [CI], 1.25–1.98). The hyperchloremic 
group also had a longer hospital length of stay and were 
more likely to have acute kidney injury (defined as >25% 
reduction in creatinine clearance; Table 2).

Sensitivity Analysis
A total of 11,510 patients were removed from the starting 
dataset because of missing perioperative data. To ensure 
that this did not result in a selection bias, normal values 
were imputed using group means for preoperative serum 
chloride (105 mmol/L) and creatinine (male <104 mcmol/L 
and female 96 mcmol/L) and hemoglobin concentration 
(male 135 g/L and female 127 g/L). Each of the imputed 
values was included in the analysis separately and together. 
The number of patients matched increased to a maximum 
of 5983 patients, but there was no change in the association 

Table 1.  (Continued)
Entire cohort Propensity-matched cohort

Variable
Hyperchloremia  

(n = 4995)
Normal chloride  

(n = 17,860) SMD (%)
Hyperchloremia  

(n = 4266)
Normal chloride  

(n = 4266) SMD (%)

  1, 2 400 (8.0%) 447 (2.5%) 266 (6.2%) 260 (6.1%)
  >2 82 (1.6%) 29 (0.2%) 32 (0.7%) 25 (0.6%)
 POD 2
  0 4611 (92.3%) 17,262 (96.7%) −22.7 3984 (93.4%) 3992 (93.4%) −1.68
  1, 2 352 (7.0%) 567 (3.2%) 264 (6.7%) 259 (6.2%)
  >2 32 (0.5%) 30 (0.2%) 18 (0.5%) 15 (0.5%)
Plasma 

transfusions
 POD 0
  0 4594 (92.0%) 17,490 (98.0%) −34.1 4038 (94.7%) 4043 (94.8%) −1.56
  2–4 277 (5.5%) 288 (1.6%) 167 (3.9%) 159 (3.7%)
  >4 124 (2.5%) 82 (0.5%) 61 (1.4%) 64 (1.5%)
 POD 1
  0 4854 (97.2%) 17,771 (99.5%) 24.9 4202 (98.5) 4198 (98.4%) 0.98
  >0 141 (2.8%) 89 (0.5%) 64 (1.5%) 68 (1.6%)
Platelet 

transfusions
 POD 0
  0 4836 (96.8%) 17,685 (99.0%) −18.6 4167 (97.7%) 4169 (97.7%) −1.12
  4–5 103 (2.1%) 121 (0.7%) 65 (1.5%) 66 (1.6%)
  >5 56 (1.1%) 54 (0.3%) 34 (0.8%) 31 (0.7%)
 POD 1
  0 4941 (98.9%) 17,836 (99.9%) −19.7 4243 (99.5%) 4251 (99.7%) 1.61
  >0 54 (1.1%) 24 (0.1%) 23 (0.5%) 15 (0.4%)
Laboratory values
 Pre Op Hb 130 ± 19 134 ± 18 −23.7 130 ± 19 130 ± 19 0.30
 Hb POD 1, 2 

(g/L)
 97 ± 17 108 ± 18 65.1 98 ± 16 98 ± 17 −0.81

 Serum creatinine  82 ± 25  80 ± 22 −5.9 81 ± 25 81 ± 24 0.70

GYN/ONC = gynecology/oncology; ENT = ear nose and throat; HIV = human immunodeficiency virus; CHF = congestive heart failure; CPD = chronic pulmonary 
disease; CAD = coronary artery disease; RBC = red blood cell; POD = postoperative day; Pre Op Hb = preoperative hemoglobin; SMD = standardized mean 
difference.
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between acute postoperative hyperchloremia and increased 
30-day mortality and length of hospital stay for patients 
with postoperative hyperchloremia.

The propensity analysis was also repeated for 2283 
pairs of patients undergoing nononcological surgery, 
and the association between hyperchloremia and mor-
tality was retained: 47 deaths in the acute postopera-
tive hyperchloremic group and 31 deaths in the normal 
serum chloride group (OR = 1.53; 95% CI, 0.97–2.41). A 
similar result was found for those patients undergoing 
oncological surgery. The length of hospital stay was 6.2 
(interquartile range 3.4–11.3 days) and 6.1 days (inter-
quartile range 3.31–10.94 days) in the acute postopera-
tive hyperchloremia and normal serum chloride groups, 
respectively. 

A total of 537 (2.4%) patients had a postoperative 
serum chloride concentration of <100 mmol/L. When 
these patients were excluded from the propensity analy-
sis and match, there were 30 fewer matches made and 
the number of deaths in the normal chloride group was 
reduced from 80 to 71 (1.7%) and the OR for mortality at 
30 days increased as a result to 1.86 (95% CI, 1.39–2.49).

The propensity analysis was repeated including the high-
risk surgical services (vascular and thoracic surgery) and 
low- or moderate-risk surgery. This propensity-matched 
analysis resulted in 4334 pairs, and there were 60 (1.4%) 
deaths in the normal chloride group and 125 (2.9%) deaths 
in the acute postoperative hyperchloremic group at 30 days. 
The OR for mortality at 30 days was in keeping with the 
primary analysis, 2.11 (95% CI, 1.55–2.89).

Table 2.  Outcomes for Entire and Propensity-Matching Cohorts
Entire cohort Propensity-matched cohort

Outcomes
Hyperchloremia  

(n = 4995)
Normal chloride  

(n = 17,860) P
Hyperchloremia  

(n = 4266)
Normal chloride  

(n = 4,266) P

Mortality (30 d) 172 (3.4%) 229 (1.3%) <0.01 128 (3.0%) 80 (1.9%) <0.01
Length of hospital 

stay
7.1 (IQR 4.2–13.1) 5.2 (IQR 3.2–9.0) <0.01 7.0 (IQR 4.1–12.3) 6.3 (IQR 4.0–11.3) <0.01

Renal function (day 
1–5)

 Risk (>25% ↓ 
eGFR)

687 (14.0%) 1248 (7.0%) <0.01 550 (12.9%) 394 (9.2%) <0.01

 Injury (>50% ↓ 
eGFR)

280 (2.9%) 525 (2.9%) <0.01 203 (4.8%) 175 (4.1%) 0.14

 Failure (>75% ↓ 
eGFR)

167 (3.3%) 395 (2.2%) <0.01 124 (2.9%) 120 (2.8%) 0.80

ICD-10 coded 
outcomes

 Postop pulm. 
edema

25 (0.5%) 36 (0.2%) <0.01 20 (0.5%) 10 (0.3%) 0.07

 Pulmonary 
embolism

63 (1.3%) 119 (0.7%) <0.01 49 (1.1%) 36 (0.8%) 0.16

 Myocardial 
ischemia

151 (3.0%) 239 (1.3%) <0.01 115 (2.7%) 88 (2.1%) 0.06

 Myocardial 
infarction

129 (2.6%) 200 (1.1%) <0.01 97 (2.3%) 77 (1.8%) 0.12

 Atrial fibrillation 52 (1.0%) 126 (0.7%) 0.02 46 (1.1%) 46 (1.1%) 1.0000
 Cerebral ischemia 56 (1.1%) 80 (0.5%) <0.01 47 (1.1%) 30 (0.7%) 0.056

In the entire cohort, the odds ratio for 30-day mortality in the hyperchloremic group was 2.75 (95% CI, 2.25–3.35). In propensity-matched cohort, the odds ratio 
for 30-day mortality in the hyperchloremic group was 1.576 (95% CI, 1.2520–1.984).
CI = confidence interval; eGFR = estimated glomerular filtration rate; ICD-10 = International classification of Disease, Tenth Revision; IQR = interquartile range; 
Postop pulm. edema = postoperative pulmonary edema.

Table 3.  Procedures Associated with the Most Frequent Incidence of 30-Day Mortality
Surgical procedure

30-d mortality (n = 128)
Surgical procedure

30-d mortality (n = 80)Hyperchloremia Normal chloride
Laparotomy 27 (22%) Laparotomy 12 (15%)
Craniotomy 18 (14%) Craniotomy 13 (26%)
Hip ORIF 15(12%) Hip ORIF 4 (5%)
Burr hole 10 (8%) Burr hole 3 (4%)
Thoracotomy 8 (6%) Thoracotomy 4 (5%)
Spinal decomp/fusion 7 (5%) Spinal decomp/fusion 5 (6%)
Esophagectomy 5 (4%) Esophagectomy 7 (9%)
Open AA repair 5 (4%) Open AA repair 3 (4%)
Hepatobiliary 5 (4%) Hepatobiliary 5 (6%)
Nephrectomy 2 (1%)

Peripheral vascular 3 (4%)
 102 (85%) 59 (74%)

Laparotomy = bowel, urological, and gynecological surgery; hepatobiliary = liver and pancreatic resections; ORIF = open reduction and internal fixation; AA = 
abdominal aorta; spinal decomp/fusion = spinal decompression and fusion.
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Finally, to determine whether the surgical procedure was 
associated with hyperchloremia as a confounder, the inci-
dence of 30-mortality was reviewed by surgical procedure 
in the propensity-matched population (Table 3). In review-
ing the 10 procedures associated with the most frequent 
incidence of 30-day mortality, we were able to account for 
85% and 74% of the 30-day mortality in the hyperchloremic 
and normal chloride groups, respectively. The procedure 
types were similar in both groups with nephrectomy and 
peripheral vascular surgery being the only unique proce-
dures to the hyperchloremic and normal chloride groups, 
respectively (Table 3).

Biologic Gradient
The relationship between the postoperative chloride con-
centration and 30-day mortality was generated using a 
Cubic spline relationship, before and after risk adjustment 
(Fig. 2, A and B). There is a linear increase in the probability 
of mortality between 100 and 125 mmol/L in both before 
and after propensity-matched cohorts.

Logistic Regression Analysis
Postoperative hyperchloremia was included in logistic 
regression modeling for 30-day postoperative mortality 
(Table  4). Acute postoperative hyperchloremia was inde-
pendently associated with an increase in risk of death, 
and the models had good discrimination and calibration. 
Variables included in the final model were age (>70 years), 

sex, high-risk surgical services (thoracic or vascular), emer-
gent surgery, Charlson Comorbidity Class (>1), preopera-
tive anemia (hemoglobin <120 g/L for females, <130 g/L 
for males), blood transfusion (RBC >0), and all outcome 
variables measured listed in Table 2 with the exception of 
mortality, length of hospital stay, and acute renal failure. 
Renal dysfunction was defined in the final model as a >25% 
decrease in eGFR.

DISCUSSION
Postoperative hyperchloremia occurs frequently in our 
postoperative noncardiac surgical population; 22% had 
serum chloride levels >110 mmol/L on POD 1 or 2. In con-
trast to assumptions about the benign nature of postop-
erative hyperchloremia, our analysis shows an association 
between acute postoperative hyperchloremia and increased 
morbidity, length of hospital stay and 30-day mortality. This 
association was demonstrated using a propensity score 
matched-pair analysis and confirmed in 3 planned sensitiv-
ity analyses. The independent association between acute 
postoperative hyperchloremia and 30-day mortality was 
confirmed using multivariable logistic regression analysis 
including other postoperative adverse outcomes variables, 
i.e., myocardial infarction, stroke, renal failure, and blood 
transfusion. We therefore have 2 observations that merit 
consideration in the management of surgical patients: (1) 
acute postoperative hyperchloremia occurs frequently 
after surgery and (2) acute postoperative hyperchloremia 
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Figure 2. Spline function graph of the probability 
of dying within 30 days of surgery and the post-
operative maximum serum chloride concentration 
on postoperative day 1 or day 2. A, Unadjusted 
figure. B, Adjusted by propensity match.
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is associated with increased postoperative morbidity and 
mortality.

An association of NS with postoperative hyperchlore-
mia is not often cited as a reason to limit NS administration, 
and this is likely true at our institution. NS is the crystal-
loid of choice based on purchasing records for the operating 
rooms. Throughout the study period, approximately 35,000 
L/y of crystalloid solutions were purchased and >50% of 
this fluid was NS.c

Both animal and human studies show that NS admin-
istration results in hyperchloremia in a dose-dependent 
manner.5,14–20 In addition, the amount of NS required to pro-
duce hyperchloremia is within the range of that used for 
perioperative fluid management, and the degree of hyper-
chloremia is variable. A further indication that NS infu-
sions may produce deleterious effects was shown in a trial 
in kidney transplant recipients comparing NS and Ringer’s 
lactate solution administration that was discontinued early 
because of the incidence of hyperchloremia and life-threat-
ening hyperkalemia in the NS cohort.21

Other factors that could account for the development 
of postoperative hyperchloremia include renal dysfunc-
tion, preoperative hyperchloremia, and previous sur-
gery with unmeasured fluid administration. However, 
patients with these potential causes of acute postopera-
tive hyperchloremia were specifically excluded from our 
analysis. Postoperative hyperchloremia can be a result 
of excess free water loss (e.g., evaporative loss, diabe-
tes insipidus, diarrhea, burns, renal loss, osmotic or after 
obstructive diuresis) and increase renal reabsorption of 
chloride (e.g., renal tubular acidosis, early renal failure, 
ureteral diversion procedures, acetazolamide induced).22 
These situations occur relatively infrequently in our 
population, and we selected a cohort with normal renal 
function before surgery. Therefore, these conditions 
that may predispose patients to hyperchloremia are not 
likely to contribute to the development of acute postop-
erative hyperchloremia on the scale that we observed. 
Intraoperative NS administration remains the only read-
ily identifiable and, importantly, modifiable cause of 
postoperative hyperchloremia.

Previous evidence of the harmful effect of hyperchlore-
mia has also been reported in critically ill patients.23,24 The 
pathophysiological explanation of the detrimental effects of 
NS is likely due to the multiple systemic effects of hyper-
chloremia. Human studies suggest that hyperchloremia 
alters regional blood reducing splanchnic blood flow as 
measured by gastric tonometry.25 Animal studies show that 
hyperchloremia alters renal blood flow,26 alters hemoglo-
bin oxygen binding,20 and may amplify the inflammatory 
response in sepsis.27,28

NS is recommended for RBC transfusion by North 
American blood agencies, and therefore one might anticipate 
hyperchloremia to be associated with blood transfusions. 
Transfusions are, in turn, associated with perioperative ane-
mia. However, in our analysis, the effect of transfusion was 
negligible since all aspects of transfusion, blood products, 
and perioperative anemia were well balanced after propen-
sity score matching and were included in the logistic regres-
sion analysis. Our analysis demonstrates that the association 
between hyperchloremia and postoperative morbidity and 
mortality is independent of the effects of patient comor-
bidities, surgical service, or emergent surgery, because these 
were also well balanced in the propensity-matched analy-
sis. Finally, using multivariable logistic regression analysis, 
we have demonstrated that hyperchloremia continues to be 
independently associated with mortality after accounting 
for perioperative risk factors and postoperative outcomes 
variables (Table 4).

Propensity-matching analysis gives an estimate of the 
detrimental effect of acute postoperative hyperchloremia 
on the population or a marginal treatment effect.29 On the 
contrary, logistic regression analysis gives us an estimate 
of the average effect of acute postoperative hyperchloremia 
on the individual or a conditional treatment effect. Using 
2 different statistical models using different mathematical 
assumptions, we arrive at the same conclusion. This is the 
strength of combining propensity and logistic modeling 
techniques. Furthermore, when marginal and conditional 
effects coincide, as they do here, it suggests that the models 
are correctly specified.28

Avoiding hyperchloremia may offer an explanation for 
the beneficial effects ascribed to balanced salt solutions, but 
until recently, the evidence has been unconvincing.19,25,30,31 

Table 4.  Independent Predictors of 30-Day Mortality
Variable Estimate 95% CI P

Age >70 y 1.484 1.184–3.912 <0.01
Sex 0.789 0.630–0.988 0.04
Surgical risk (high risk) 2.526 1.631–3.912 <0.01
Hyperchloremia 2.049 1.619–2.592 <0.01
Postop pulm. embolism 2.363 1.190–4.690 0.01
Emergent surgery 4.454 3.521–5.634 <0.01
Postoperative myocardial infarct 4.031 2.752–5.903 <0.01
Preoperative anemia 2.162 1.699–2.752 <0.01
AKI (>25% ↓ eGFR) 3.728 2.216–4.766 <0.01
CC Class (>1) 1.716 1.251–2.356 <0.01
Blood transfusion 2.104 1.636–2.705 <0.01
 C = 0.87 Hosmer-Lemeshow = 0.11

Logistic regression analysis. Hyperchloremia (serum chloride >110 mmol/L on postoperative day 1 or 2). Preoperative anemia (hemoglobin <120 g/L for 
females and <130 for males).
Postop pulm. embolism = postoperative pulmonary embolism; eGFR = estimated glomerular filtration rate; CC Class = Charlson Comorbidity Class; AKI = acute 
kidney injury; CI = confidence interval.

cPersonal communication and review of the operating room purchasing re-
cords supplied by KPMG Plexus, March 2012.
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Shaw et al.32 have considered the postoperative outcomes 
for 30,994 patients undergoing open abdominal surgery 
using the Premier Perspective Comparative Database, a 
hospital administrative database. Their analysis used pro-
pensity score matching to match 926 patients receiving 
exclusively Plasmalyte in a 3:1 ratio to patients receiving 
exclusively NS. Patients receiving NS were more likely to 
suffer a major postoperative complications, acute kidney 
injury and infection.

The major limitation of our study is the lack of data on 
the perioperative use of crystalloid solutions, and therefore 
we cannot definitively comment on the cause of hyperchlo-
remia. However, NS administration is a modifiable risk fac-
tor for the development of hyperchloremia. It is reasonable 
to speculate that substitution of balanced salt solutions for 
NS would result in a lower incidence of hyperchloremia 
since this is supported by evidence from studies using bal-
anced salt solutions.5,16

We must also recognize that by balancing groups in the 
propensity match using surgical service rather than the spe-
cific type of surgery, e.g., open versus endovascular repair, 
we may have introduced an unrecognizable bias.33 To 
account for this potential, we conducted a sensitivity analy-
sis replacing surgical service with high- and moderate-risk 
surgery and low-risk surgery and found the same result, 
i.e., increased risk of mortality by 30 days postoperatively 
in the hyperchloremic group. This result is also in keep-
ing with the logistic regression analysis that also included 
high- and moderate- or low-risk surgical groups (Table 4). 
Furthermore, the 10 procedures associated with the most 
frequent 30-day mortality in the hyperchloremic and nor-
mal chloride group were similar and therefore hyperchlo-
remia was not associated with a particular type of surgery 
(Table 3).

Other limitations of our study include the retrospective 
nature of this study and the inability to adjust for unmea-
sured covariables. However, with these limitations in mind, 
it would seem prudent to avoid chloride-rich solutions 
perioperatively until better evidence is available.34 Ongoing 
studies are aimed at avoiding hyperchloremia by substitut-
ing a balanced salt solution for NS (http://clinicaltrials.
gov/show/NCT01270854). Given the results of this retro-
spective, observational cohort trial, we would encourage 
further study of this clinically important and modifiable 
problem. Although hyperchloremia may be the benign self-
limiting condition it has been suspected to be in the past, 
only a sufficiently powered, randomized controlled trial of 
NS compared with a balanced salt solution will be able to 
reliably answer this question.

Conclusions
Hyperchloremic metabolic acidosis is not a benign, self-lim-
iting, metabolic disturbance.14 We found that acute postop-
erative hyperchloremia in patients undergoing noncardiac 
surgery was associated with increased mortality, renal dys-
function, and length of hospital stay. This association was 
robust, temporally associated with surgery, dose-related, 
plausible, and coherent with our understanding of electro-
lyte physiology, thus demonstrating many of the elements 
of causality.35 If the association between hyperchloremia 

and patient outcome is confirmed by other observation tri-
als, then a randomized controlled trial to eliminate chlo-
ride-rich solutions should be considered. We believe that an 
adequately powered randomized trial is needed to deter-
mine whether using more physiologically balanced fluids 
leads to reduced chloride levels and improved postopera-
tive outcomes. E
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