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Case Report
A case study demonstrating tolerance of the gut to  
large volumes of enteral fluids as a complement  
to IV fluid resuscitation in burn shock
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Abstract: Appropriate intravenous fluid resuscitation has improved early post burn outcomes. However, clinical and 
pre-clinical evidence suggests that enteral or oral resuscitation may complement intravenous fluid administration. 
While this strategy is often discussed in the context of resource-limited settings, its implementation could reduce 
overall IV fluid requirements and simplify management during routine care. Conversely, concerns about this strat-
egy have been raised over impaired gut perfusion and function leading to adverse effects. We present a case of 
an 82-year-old man with a total burn size of 14% who was encouraged to ingest the oral rehydration solution Drip 
Drop® starting 7 hours post-burn. In the ensuing 17 hours he consumed over 5 L of oral rehydration solution, which 
was nearly 1 L more than the total amount of IV fluids he received. There were no adverse gastrointestinal side 
effects. This demonstrates tolerance of a significant volume of voluntary oral fluids in combination with IV resuscita-
tion. Clinical trials are warranted. 
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Introduction

Initial management of severely burned patients 
requires aggressive fluid resuscitation in order 
to prevent under-perfusion of organs because 
of global fluid shifts within damaged and non-
damaged tissues [1]. While current clinical 
practice guidelines emphasize the use of intra-
venous (IV) fluids, utilizing the enteral/oral 
route of administration has been described. In 
fact, in 1950, the growing threat of a nuclear 
war prompted the United States Surgeon 
General to adopt the use of oral saline as the 
treatment of burn shock and burn injuries in 
the event of a disaster with a large number of 
civilian or military casualties [2]. This propelled 
both pre-clinical and clinical research, although 
these ideas were eventually shelved--not 
because of a lack of efficacy or feasibility--but 
because the introduction of plastic IV catheters 
dominated the more basic oral/enteral fluid 
approach [3]. 

The concept of enteral or oral resuscitation has 
since reemerged as a practice for burn treat-

ment in resource-limited situations such as 
during military operations in austere environ-
ments. Oral rehydration solutions defined by 
the World Health Organization (WHO) have 
proven life-saving for treating dehydration from 
severe diarrhea in conditions like cholera in 
third world countries [4]. They have since been 
recommended for treatments for burns in 
resource-limited environments. Multiple stud-
ies have shown that enteral fluids can reduce IV 
requirements and also reduce the increased 
burden of managing IV fluids [5]. In the military 
context specifically, concerns over multi-
domain operations or mass casualty scenarios 
and a limited supply of IV fluids have resulted in 
the creation of prolonged field care (PFC) guide-
lines that specifically address oral resuscita-
tion [6, 7].

Growing preclinical evidence has mounted to 
show reasonable absorption and efficacy of 
enteral resuscitation in the face of extensive 
burns [8, 9], with differential effects on the 
immune response [10]. Moreover, a recent ran-
domized clinical trial also suggested that oral 
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resuscitation resulted in equivalent hemody-
namics and improved urine output compared to 
IV fluids [4]. Despite this, the argument for this 
route of administration has largely been limited 
to resource-poor settings [3, 11, 12]. Anecdotal 
examples of paralytic ileus in the face of 
reduced splanchnic perfusion during burn 
shock have been cited as reasons to discour-
age enteral fluid resuscitation. However, this 
strategy was recently underscored during the 
IV fluid shortage of 2017 when Hurricane Maria 
disrupted IV fluid production in Puerto Rico. 
This shortage prompted development of recom-
mendations and criteria utilizing oral and enter-
al resuscitation for conditions causing dehydra-
tion [13]. 

Much of the previous research on enteral fluid 
(such as the randomized controlled trial men-
tioned above) have examined the performance 
of enteral fluids alone in comparison to IV fluids 
alone. However, some have suggested a place 
for this strategy even during IV fluid infusion [6]. 
Here we describe experience with an older 
male patient that presented to the burn center 
with a Baux score of 96. During his resuscita-
tion, he voluntarily consumed a large volume of 
a commercially available oral rehydration solu-
tion (ORS; Drip-Drop®), demonstrating proof-
of-concept evidence that the gut can tolerate 
substantial enteral fluids as a complement to IV 
fluid resuscitation without adverse conse-
quences in the setting of burn shock.

Case presentation

The patient is an 82-year-old male, who pre-
sented with 14% total body surface area (TBSA) 

burns sustained from a vehicle fire. The burns 
were superficial to partial thickness on his pos-
terior back (9%), neck (2%), head and left ear 
(3%), without evidence of ocular or oral muco-
sal involvement. The patient was able to extin-
guish the fire and was subsequently transport-
ed to the burn center via ambulance. The 
patient was never intubated, but had a history 
remarkable for hypertension, coronary artery 
disease and prostate cancer. Since care of this 
patient was within the scope of clinical prac-
tice, consent was not necessary. 

Cumulative fluid inputs, as well as hourly urine 
output are shown in Figure 1, while selected 
biochemical data are shown in Figure 2. Fluid 
resuscitation with IV lactated Ringer’s (LR)  
solution was initiated within 30 minutes of 
arrival to the hospital. Throughout the resusci-
tation of this patient, fluid levels were moni-
tored continuously with recommendations by 
the Burn Navigator [14]. In the subsequent 6 
hours, IV fluid rate increased to 200 mL/hour, 
while the patient’s lactate also increased to 
2.70 mmol/L with a base deficit of -4.1 mEq/L. 
At this point oral consumption was first encour-
aged. Lactate remained elevated (apex of 3.45 
mmol/L) for the next 3 hours, during which the 
patient consumed nearly 1 L of the ORS Drip-
Drop® (https://dripdrop.com/). Subsequently 
his lactate began to decrease, while urine out-
put began to increase (Figure 1). Throughout 
this resuscitation period, he remained hemody-
namically stable with a systolic blood pressure 
(SBP) above 107 mmHg, and hemoglobin and 
hematocrit remained within normal limits with-
out evidence of hemoconcentration (Figure 2). 

Altogether, he received 9542 mL of total fluid 
that included 4302 mL of LR and 5420 mL of 
Drip-Drop®. Additionally, there were no physi-
cal exam findings consistent with paralytic ileus 
or delayed gastric emptying throughout the 
patient’s resuscitation. Moreover, no gastroin-
testinal (GI) complaints or vomiting occurred, 
and the patient had two bowel movements 
within the first 24 hours. Unfortunately, this 
patient was lost to follow-up after an uneventful 
discharge. 

Discussion

Burn shock is caused by a handful of patho-
physiologic perturbations, including a cascade 
of endotheliopathy, sympathetic activation, 

Figure 1. Cumulative oral (blue boxes) and IV (black 
circles) fluid resuscitation plotted with urine output 
(UO; red triangles) in the first 24 hours for an 82-year-
old man with 14% TBSA mixed superficial and partial 
thickness injury.



Enteral fluids for burn resuscitation

204 Int J Burn Trauma 2021;11(3):202-206

metabolic dysfunction, inflammation and vas-
cular leak leading to edema. These changes 
and associated hypovolemia, in turn, lead to 
under-perfused tissues and organs, which all 
result in burn shock [15]. Moreover, recent ani-
mal studies suggest that trauma-induced 
pathophysiology is exacerbated or ameliorated 
by the resuscitation strategy [16, 17], to include 
in burns [18]. Treatment of burn shock requires 
a balanced fluid resuscitation that provides 
enough volume to enable tissue and organ per-
fusion without causing edema-related comor-
bidities such as compartment syndromes [19]. 
In this case, an older patient with large burns 
was able to voluntarily consume and tolerate 
more than 5 L of ORS within a 24 hour period in 
the setting of elevated lactate without evidence 
of gut impairment. This example suggests that 
oral consumption of fluids as a complement to 
IV fluid resuscitation is feasible.

A large number of research studies have 
focused on the fluid rates/volume of fluid 
administered to treat burn shock, which has led 
to an extensive body of clinical evidence and 
consensus recommendations to guide practice 
[20]. While volumes and types of fluids 
employed have been hotly debated for some 
time, this discussion almost exclusively revolves 
around intravenous (IV) infusion, with much 
less consideration for other potential routes of 
fluid administration. On the other hand, in the 
1950s (and earlier) the concept of using a com-
bination of oral and IV saline for burn shock 
resuscitation was examined [21]. Since then, 
many advances in the efficacy of different ORS 
have occurred.

In a conscious patient, success of enteral 
resuscitation depends on several key factors 
such as palatability, electrolyte balance and 
appropriate osmolality. In certain clinical sce-
narios, such as this one presented, our burn 
center encourages the voluntary consumption 
of Drip-Drop® secondary to its palatability and 
osmolality [6]. However, in situations where a 
nasogastric (NG) or orogastric (OG) tube has 
been placed, palatability considerations do not 
take precedent; therefore, less expensive (and 
less palatable) ORS from the WHO are feasible 
and suitable. Our burn center is currently 
exploring both the voluntary consumption of 
solutions such as the one used in this study as 
performance improvement, as well as assess-
ing the ability of WHO-ORS infusion through an 
NG/OG tube to reduce overall IV fluid 
requirements.

Still, solutions other than these may prove to be 
optimally effective. For example, rehydration 
drinks exist that utilize rice-based carbohy-
drates instead of glucose, which is purported to 
encourage absorption along the length of the 
intestine by means of the varying lengths of the 
carbohydrate chains present. In this way, there 
is more utilization of the sodium glucose co-
transporter (SGLT1) throughout the intestine. 
An example of this ORS is CeraLyte®, which 
has been successfully used in burn patients 
and shown to decrease IV fluid requirements. In 
three patients with 20-40% TBSA burns, a 
mean of 65.2% and a maximum of 77.5% of  
the calculated Parkland-formula fluid needs 
were replaced with CeraLyte®, with appropri-
ate urine output and no evidence of electrolyte 
abnormalities [5]. 

Figure 2. Systolic blood pressure (left, black circles) remained within normal levels, while lactate levels (blues boxes) 
began to decrease starting around hour 10 post-burn. Both hemoglobin (Hgb, green diamonds) and hematocrit (Hct, 
red triangles) remained within normal levels throughout the resuscitation period.
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While urine output remains the main driver of 
the IV fluid rate, lactate is often considered dur-
ing a patients’ resuscitation. Lactate is thought 
of as a global hypoperfusion marker, and the 
lactate of 3.45 mmol/L, as seen in this patient, 
could signify impaired perfusion of vital organs 
(to include the gut). Still, the gut demonstrated 
the ability to handle a large volume of fluid with-
out adverse effects. In this regard, an alterna-
tive explanation has been posited to explain 
increases in lactate, wherein a sustained sym-
pathetic response is the cause of increased 
lactate level [22]. Specifically, it has been sug-
gested that, in sepsis, beta-2 adrenergic stimu-
lation results in increased aerobic glycolysis, 
which causes increases in lactate [23]. Thus, 
the interpretation of an elevated lactate level 
as precluding enteral resuscitation may be 
problematic, and further investigation is 
required in this area [24]. We did not see any 
GI-related side effects in this case, suggesting 
that the perfusion to the gut was adequately 
maintained. This was true in the absence of 
using any pharmacological agent to promote 
gastric emptying, which has proven beneficial 
in preclinical models [25, 26]. 

As more evidence emerges regarding the 
potentially deleterious effects of crystalloid 
administration, more interest may arise in the 
use of ORS. A randomized controlled trial pit-
ting enteral fluids versus IV fluids in patients up 
to 15% TBSA demonstrated non-inferiority in 
terms of urine output for enteral fluids, and no 
hemodynamic concerns. Still, the authors doc-
umented a difficult time in recruiting patients 
for the oral fluid group due to patient “skepti-
cism”. Despite a relatively limited amount of 
evidence when compared to current IV fluid 
management of burns, enteral fluid resuscita-
tion has a well-established historical record 
going back as early as the 1940s, and as far 
back as World War I for hemorrhagic shock. 
Developments in enteral fluid treatment have 
paralleled those of traditional IV resuscitation. 
Our strategy is somewhat different, in that we 
do not envision enteral and IV fluids as mutually 
exclusive. Instead, we propose to initiate IV flu-
ids as most burn centers do, with the adoption 
of ORS through the enteral route. We believe 
this combination type of approach has the 
potential to support intravascular volume and 
urine output. 

Conclusions

This case report highlights the safe and effec-
tive use of enteral fluids as a complement to IV 

fluids in the resuscitation of a patient in burn 
shock. This case shows that a patient’s gastro-
intestinal tract was able to tolerate a large vol-
ume of oral fluids without any adverse clinical 
sequelae. This report and discussion suggest a 
feasible and readily available adjunct to IV flu-
ids in definitive clinical care; however, there are 
still some challenges in the provider community 
for accepting this therapeutic intervention. 
Larger clinical studies will be needed to demon-
strate efficacy and safety. Additional research 
is needed to determine the optimal ORS type 
for absorption, total volumes tolerated and 
rates that are efficacious and safe, as well as 
algorithms for patient selection to stratify those 
who would clinically benefit from the use of 
enteral strategies for resuscitation.

Acknowledgements

Extensive efforts were taken to obtain consent 
for publication from this patient, and next of 
kin. As these efforts were unsuccessful, detail 
has been removed from this case report to 
ensure anonymity. This manuscript was cleared 
by the Research Regulatory Compliance 
Division of the US Army Institute of Surgical 
Research.

Disclosure of conflict of interest

The opinions or assertions contained herein 
are the private views of the authors, and are 
not to be construed as official or as reflecting 
the views of the Department of the Army, 
Uniformed Services University of the Health 
Sciences, or the Department of Defense.

Address correspondence to: Dr. David M Burme- 
ister, Department of Medicine, Uniformed Services 
University of The Health Sciences, 4301 Jones 
Bridge Road, Building 42, Room 3129, Bethesda, 
MD 20814, USA. Tel: 301-295-0742; E-mail: David.
burmeister@usuhs.edu

References

[1] Chung KK, Blackbourne LH, Wolf SE, White CE, 
Renz EM, Cancio LC, Holcomb JB and Barillo 
DJ. Evolution of burn resuscitation in operation 
Iraqi freedom. J Burn Care Res 2006; 27: 606-
611.

[2] SALINE solution in treatment of burn shock. 
Public Health Rep 1950; 65: 1317-1320.

[3] Kramer GC, Michell MW, Oliveira H, Brown TL, 
Herndon D, Baker RD and Muller M. Oral and 
enteral resuscitation of burn shock the histori-
cal record and implications for mass casualty 
care. Eplasty 2010; 10: e56.

mailto:David.burmeister@usuhs.edu
mailto:David.burmeister@usuhs.edu


Enteral fluids for burn resuscitation

206 Int J Burn Trauma 2021;11(3):202-206

[4] Moghazy AM, Adly OA, Elbadawy MA and Hash-
em RE. Evaluation of who oral rehydration so-
lution (ORS) and salt tablets in resuscitating 
adult patients with burns covering more than 
15% of total body surface area (TBSA). Ann 
Burns Fire Disasters 2016; 29: 43-47.

[5] Milner SM, Greenough WB, Asuku ME, Feld-
man M, Makam R, Noppenberger D, Price LA, 
Prosciak M and van Loon IN. From cholera to 
burns: a role for oral rehydration therapy. J 
Health Popul Nutr 2011; 29: 648-651.

[6] Burmeister DM, Little JS, Gomez BI, Gurney J, 
Chao T, Cancio LC, Kramer GC and Dubick MA. 
Operational advantages of enteral resuscita-
tion following burn injury in resource-poor envi-
ronments: palatability of commercially avail-
able solutions. J Spec Oper Med 2019; 19: 
76-81.

[7] Baker BL, Powell D, Riesberg J and Keenan S. 
Prolonged field care working group fluid thera-
py recommendations. J Spec Oper Med 2016; 
16: 112-117.

[8] Michell MW, Oliveira HM, Kinsky MP, Vaid SU, 
Herndon DN and Kramer GC. Enteral resusci-
tation of burn shock using World Health Orga-
nization oral rehydration solution: a potential 
solution for mass casualty care. J Burn Care 
Res 2006; 27: 819-825.

[9] Gomez BI, McIntyre MK, Gurney JM, Chung KK, 
Cancio LC, Dubick MA and Burmeister DM. En-
teral resuscitation with oral rehydration solu-
tion to reduce acute kidney injury in burn vic-
tims: evidence from a porcine model. PLoS 
One 2018; 13: e0195615.

[10] Gomez BI, Harrington BK, Chao T, Chung KK, 
Dubick MA, Boggs NA and Burmeister DM. Im-
pact of oral resuscitation on circulating and 
splenic leukocytes after burns. Burns 2020; 
46: 567-578.

[11] Cancio LC, Kramer GC and Hoskins SL. Gastro-
intestinal fluid resuscitation of thermally in-
jured patients. J Burn Care Res 2006; 27: 561-
569.

[12] Vyas KS and Wong LK. Oral rehydration solu-
tions for burn management in the field and un-
derdeveloped regions: a review. Int J Burns 
Trauma 2013; 3: 130-136.

[13] Patiño AM, Marsh RH, Nilles EJ, Baugh CW, 
Rouhani SA and Kayden S. Facing the shortage 
of IV fluids - a hospital-based oral rehydration 
strategy. N Engl J Med 2018; 378: 1475-1477.

[14] Cancio LC, Salinas J and Kramer GC. Proto-
colized resuscitation of burn patients. Crit Care 
Clin 2016; 32: 599-610.

[15] Guilabert P, Usúa G, Martín N, Abarca L, Barret 
JP and Colomina MJ. Fluid resuscitation man-
agement in patients with burns: update. Br J 
Anaesth 2016; 117: 284-296.

[16] Kozar RA, Peng Z, Zhang R, Holcomb JB, Pati S, 
Park P, Ko TC and Paredes A. Plasma restora-
tion of endothelial glycocalyx in a rodent model 
of hemorrhagic shock. Anesth Analg 2011; 
112: 1289-1295.

[17] Torres Filho IP, Torres LN, Salgado C and Du-
bick MA. Plasma syndecan-1 and heparan sul-
fate correlate with microvascular glycocalyx 
degradation in hemorrhaged rats after differ-
ent resuscitation fluids. Am J Physiol Heart Circ 
Physiol 2016; 310: H1468-1478.

[18] Vigiola Cruz M, Carney BC, Luker JN, Monger 
KW, Vazquez JS, Moffatt LT, Johnson LS and 
Shupp JW. Plasma ameliorates endothelial 
dysfunction in burn injury. J Surg Res 2019; 
233: 459-466.

[19] Cartotto R, Greenhalgh DG and Cancio C. Burn 
state of the science: fluid resuscitation. J Burn 
Care Res 2017; 38: e596-e604.

[20] Chung KK, Wolf SE, Cancio LC, Alvarado R, 
Jones JA, McCorcle J, King BT, Barillo DJ, Renz 
EM and Blackbourne LH. Resuscitation of se-
verely burned military casualties: fluid begets 
more fluid. J Trauma 2009; 67: 231-237; dis-
cussion 237.

[21] Markley K, Bocanegra M, Bazan A, Temple R, 
Chiappori M, Morales G and Carrion A. Clinical 
evaluation of saline solution therapy in burn 
shock. J Am Med Assoc 1956; 161: 1465-
1473.

[22] Levy B, Desebbe O, Montemont C and Gibot S. 
Increased aerobic glycolysis through beta2 
stimulation is a common mechanism involved 
in lactate formation during shock states. Shock 
2008; 30: 417-421.

[23] Garcia-Alvarez M, Marik P and Bellomo R. Sep-
sis-associated hyperlactatemia. Crit Care 
2014; 18: 503.

[24] Cochran A, Edelman LS, Saffle JR and Morris 
SE. The relationship of serum lactate and base 
deficit in burn patients to mortality. J Burn Care 
Res 2007; 28: 231-240.

[25] Hu Q, Chai J, Hu S, Zhou G and Sheng Z.  
Oral hypertonic electrolyte-glucose/mosapride 
complex solution for resuscitation of burn 
shock in dogs. J Burn Care Res 2012; 33: e63-
69.

[26] Hu S, Che JW, Tian YJ and Sheng ZY. Carbachol 
promotes gastrointestinal function during oral 
resuscitation of burn shock. World J Gastroen-
terol 2011; 17: 1746-1752.


